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EXECUTIVE SUMMARY

Global progress on malaria control has been unequivocal — the World Health Organization (WHO) estimates
that more than 6.2 million malaria deaths were averted worldwide between 2000 and 2015. Most of the
estimated lives saved were children under the age of five living in sub-Saharan Africa. Progress is the
collective result of significant and well-coordinated investments by national governments and donors, support
from technical agencies and national institutions, and the hard work and dedication of health workers, non-
governmental organizations, and affected communities.

The U.S. Government’s leadership and its financial and technical contributions — primatily through the
President’s Malaria Initiative (PMI) — have been central to this progress. PMI, launched in 2005 by President
George W. Bush and expanded by President Barack Obama, supports the rapid scale-up of proven and highly
effective malaria prevention and treatment measures. PMI is an interagency initiative led by the United States
Agency for International Development (USAID) and implemented together with the U.S. Centers for Disease
Control and Prevention of the U.S. Department of Health and Human Services.

The WHO recommends that endemic countries protect all those at risk of malaria with long-lasting
insecticide treated nets (LLINs) and/or, where appropriate, indoor tesidual spraying (IRS). The scale-up of
these two proven and highly effective vector control measures is among PMI’s greatest accomplishments. To
date, PMI has procured more than 197 million LLINs, and in FY 15, protected more than 16 million people
with IRS. In PMI-supported countries, household ownership of at least one insecticide-treated net (ITN)
increased from a median of 29% (baseline survey) to 60% (most recent survey), and usage of an I'TN the
night before the survey increased from a median of 18% to 46% and more than doubled from 17% to 41%
for children less than five years of age and pregnant women, respectively. USAID also supports malaria
control activities in the Amazon (Amazon Malaria Initiative) and in emergency situations (through its Bureau
for Democracy, Conflict, and Humanitarian Assistance).

Globally, the proportion of the population sleeping under an ITN has increased dramatically in sub-Saharan
Africa since 2000. Almost three-quarters (67%) of the population in sub-Saharan Africa had access to an
LLIN in 2015, compared to less than 2% in 2000, and the estimated proportion sleeping under an LLIN was
55% (WHO’s World Malaria Report 2015). Given that spraying is a more targeted intervention (as opposed to
universal coverage for nets), approximately 6% of the population at risk of malaria in Africa live in
households that are protected by IRS.

Despite these gains, malaria remains the most important vector-borne disease in public health. According to
the latest estimates from WHO, there were 214 million new cases of malaria and 438,000 malatia deaths
wortldwide in 2015. Children under five are particularly susceptible to malaria illness, infection, and death. In
2015, malaria killed an estimated 306,000 children under five years of age globally, including 292,000 children
in the African Region. Malaria also exacts a significant economic toll — large fractions of health sector budgets
are spent on malaria control and treatment, and disproportionate fractions of household income are spent on
preventing and treating malaria. Among those at highest biological risk of malaria are children under five
years of age and pregnant women, and malaria infections during pregnancy create substantial risks for
pregnant women and their fetuses and newborns. As such, malaria prevention and control remain a major
U.S. foreign assistance objective. Under the PMI Strategy 2015-2020, the U.S. Government’s goal is to work
with PMI-supported countries and partners to further reduce malaria deaths and substantially decrease
malaria morbidity, toward the long-term goal of elimination. In order to achieve this goal, the U.S.
Government will continue to focus, in part, on scaling-up and/or maintaining high levels of protection with
proven and highly effective, life-saving vector control measures.

As a federal government agency, USAID is subject to Title 22, Code of Federal Regulations, Part 216 (22
CFR), known as Regulation 216, to define USAID’s environmental impact assessment procedures. Because
LLINs and IRS rely on insecticides to kill or reduce the lifespan of female mosquitoes, and because the
geographic coverage of these interventions is expansive and multi-country/multi-continent, a Programmatic
Environmental Assessment (PEA) approach is warranted for meeting Regulation 216 requirements and
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providing the protocols that assure the environmental soundness of project implementation. A PEA serves as
an umbrella evaluation of environmental and human health issues, thereby streamlining the preparation of
country- and activity-specific environmental assessments and promoting implementation of activities that
adhere to uniform standards and best practices.

Over the last 14 years, two PEAs have been prepared to evaluate potential environmental and human health
effects from the implementation of malaria vector control interventions. In 2002, USAID identified the need
for insecticide-treated materials as an important tool in the integrated malaria control program, and prepared
the Programmatic Environmental Assessment for Insecticide-Treated Materials in USALID Activities in Sub-Sabaran Africa,
which addressed the risks associated with the use of insecticide-treated materials. In 2007, the second PEA
(The Integrated V'ector Management Programs for Malaria 1V ector Control Programmatic Environmental Assessment) was
prepared to address the expansion of USAID’s malaria vector control programs; specifically, to address the
human and environmental risks associated with IRS, I'TNs, and larviciding. Integrated vector management is
a rational decision-making process for the optimal use of resoutces for vector control and one of the guiding
principles behind the PEA. In 2012, the Integrated 1 ector Management Program for Malaria V'ector Control PEA was
revised to assess new active ingredients/formulations for IRS, I'TNs, and larviciding.

This second and current revision to the 2007 PEA is substantial in both the number of new products and
interventions that were assessed. The imminent arrival of new active ingredients, or new combinations of
active ingredients, is essential in combatting insecticide resistance. Insecticide resistance is one of the most
serious threats to malaria control, and resistance management is a key component of integrated vector
management. Historically, IRS has relied on a limited number of WHO-recommended insecticides from only
four insecticide classes, and I'TNs have relied solely on pyrethroids. This revision characterizes the potential
human health and environmental risks associated with the following active ingredients or combinations of
active ingredients for IRS and LLINs':

ACTIVE INGREDIENTS FOR IRS ASSESSED IN THIS REVISION

e Chlorfenapyr suspension concentrate (Phantom)

e  Clothianidin water dispersible granules (Sumishield)

e Clothianidin and deltamethrin wettable powder in sealed water soluble bag (Fludora Fusion)
e  Pirimiphos-methyl capsule suspension (Actellic CS)

ACTIVE INGREDIENTS FOR LLINS ASSESSED IN THIS REVISION

e Alpha-cypermethrin and pyriproxyfen on polyethylene (Royal Guard)

Alpha-cypermethrin on polyethylene (Royal Sentry)
Alpha-cypermethrin and chlorfenapyr on polyester (Interceptor G2)
Permethrin and pytiproxyfen on polyethylene (Olyset Duo)
Permethrin and piperonyl butoxide on polyethylene (Olyset Plus)
Deltamethrin on polyethylene (Panda Net 2.0)

The current revision of the PEA also expands the suite of active ingredients assessed for larviciding, and
includes, for the first time, mitigation measures for larviciding. While it is envisaged that USAID will continue
to rely on LLINs and IRS as the primary vector control interventions, USAID may utilize larviciding agents,
particularly in pre-elimination and elimination settings, depending on the vector and country-specific

"It is important to note that the results are not product-specific, even if product names are listed; for example, if an LLIN with a concentration
of X mg/m? for permethrin and Y mg/m? for pyriproxyfen on material A is assessed, any LLIN with concentrations at or below X and Y mg/m?
for permethrin and pyriproxyfen, respectively, on material A would not have to undergo another risk assessment in the PEA.
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environmental conditions. New is the characterization of the potential human health and environmental risks
associated with the following active ingredients or combinations of active ingredients for larvicidal agents:

ACTIVE INGREDIENTS FOR LARVICIDAL AGENTS

e  Pyriproxyfen
e Spinosad

e Spinosad 83.3 monolayer

Spinosad 25 extended release
Chlorpyrifos
Diflubenzuron

Novaluron

Fenthion
Methoprene
Pirimiphos-methyl

Temephos

Bacillus thuringiensis israelensis (strain AM65-52, 3000 ITU/mg)

o Bacillus thuringiensis israelensis (strain AM65-52, 200 I'TU/mg))

o Bacillus thuringiensis israelensis (strain AMO65-52 + Bacillus sphaericus strain ABTS-1730; 50 Bsph I'TU/mg)
o Bacillus thuringiensis israelensis (strain 266/2, > 1200 ITU/mg)

This revision also assesses the safety of clothing treated with permethrin and long-lasting insecticidal
hammocks treated with permethrin and with deltamethrin to enable USAID to support the deployment of
such interventions when/where appropriate.

The four other primary purposes for this PEA update are summarized below:

(1) Harmonizing the methodology used to calculate potential risks in the PEA with WHO’s Generic
Risk Assessment Models for insecticides, which were all released after the first PEA was drafted.

(2) Streamlining the PEA methodology, emphasizing a more modular approach to allow USAID to
more quickly assess the potential risks for new interventions and insecticides.

(3) Refining mitigation measures based on a decade of experience with malaria vector control activities,
and focusing mitigation measures on the pathways of greatest concern for risks from insecticide
exposures.

(4) Standardizing the risk assessment results to allow comparisons between insecticides within and
among interventions, and between different pathways of exposure. This standardization will enable a
PEA user/decision-maker to determine what exposure scenarios and pathways tend to be riskiest,
identify which individuals are likely to receive the highest exposures, and compare the relative risks of
insecticides approved for a specific intervention.

The revised methodology in this PEA draws on the exposure and risk assessment methods described in the
previous two USAID vector control PEAs and revisions, the WHO’s Generic Risk Assessment Models for
IRS, ITNs, and larviciding, and guidance documents and standard operating procedures published by the U.S.
Environmental Protection Agency and the U.N. Food and Agtricultural Organization. It is important to note
that there is uncertainty with respect to the form of the exposure equations (i.e., does the equation adequately
represent actual exposure conditions and processes), and uncertainty and variability associated with the input
parameter data used in the calculations. Conservative (i.e., overstating risk) input values were used to ensure
potential risk was not underestimated.

One aspect of the health risk characterization is based on the hazard quotient (HQ) for noncancer effects.
The threshold criterion for noncancer effects is an HQ of 1; HQ values below 1 strongly indicate that
significant adverse effects are not expected, and HQ values above 1 indicate that adverse noncancer effects
are possible. The quantitative screening of noncancer hazard is a binary outcome, and does not provide
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information on the probability that an adverse effect will occur. However, given the conservative assumptions
employed in the exposure assessments, the HQ) represents a value at the upper bound of the inferred
distribution of chemical hazard for exposed individuals. For that reason, the interpretation of the noncancer
screening results is critical in determining how the risk assessment results are used. Put simply, an HQ of 10
does not imply that adverse effects wz// occur, or that the hazard is ten times more likely than with an HQ of
1. Rather, an HQ of 10 implies that it is possible that they occur given the conservative manner in which the
exposure scenario was constructed, and that further evaluation of the exposure assumptions is warranted.

The other health risk characterization is based on the incremental lifetime cancer risk (ILCR) for
carcinogenicity. For cancer risk, a threshold ILCR of 1 in 10,000 (1E-04) is used as the acceptable excess risk
of an individual contracting cancer over a lifetime. ILCR values below 1E-04 indicate that the risk of cancer is
relatively low even though it is non-zero. Unlike an HQ), the ILCR is expressed as a probability. This
probability is based on the dose-response model of carcinogenicity and does not address the probability of an
individual actually being exposed to an insecticide at a level that causes cancer. Therefore, an ILCR above 1E-
04 should not be interpreted to mean that an individual is actually likely to experience this cancer risk; rather,
this should be interpreted in much the same way we interpret a screening HQ greater than 1. Cancer risks
greater than 1 in 10,000 suggest that it is possible risk of cancer may exceed the threshold, but consideration
should be given to the conservative manner in which the exposure scenario was constructed.

The revised PEA contains full risk results, both in tabular and graphic form, of products assessed for the first
time in this PEA revision, and updated/standardized risk results for all products previously assessed, to allow
for comparisons. Because cancer risks are only calculated for two LLIN products, below is a summary of the
noncancer risks only.

IRS RISK SCREENING RESULTS

Based on the risk screening results, adverse human health effects for workers and residents (all age categories)
are not expected from the use of Phantom, Sumishield, or Fludora Fusion in IRS (all HQs were less than 1).
In addition, adverse human health effects for workers are not expected from the use of Actellic CS (the HQ
was slightly above 1 for workers in the “wearing no PPE” category only). The potential for noncancer effects
indicated by the risk screening for Actellic CS in IRS suggests that additional precautions should be explored
by USAID, as HQs for adults, children, toddlers, and infants were 6.7, 12, 49, and 25, respectively. The
dermal pathway is the driving factor behind the HQ for toddlers. In the next year, PMI will support an
operational research study with Actellic CS to determine if spraying only the top half of a wall surface is as
effective as spraying the whole surface of the wall; results of the operational research study will be used, in
part, to refine standing operating procedures and, if spraying the top half only is deemed effective, then this
practice will negate toddlers’ dermal exposure pathway. The inhalation pathway is the driving factor behind
the HQ for infants, given their high respiratory rate (relative to body weight) compared with other age
groups. The risk associated with this pathway is based on the volatilization of IRS after spraying, which is
uncertain and conservatively estimated. Additional data on residual insecticide volatilization rates would
improve risk estimates and likely lower the calculated noncancer hazard from IRS, especially for infants.

LLIN RISK SCREENING RESULTS

Four of the six LLIN products (Interceptor G2, Royal Guard, Royal Sentry, and Panda Net 2.0) assessed in
this PEA revision have similar risk profiles because they contain synthetic pyrethroids (i.e., either
deltamethrin or alphacypermethrin) with similar properties. Adverse human health effects for adults and
children are not expected from the use of these four products for LLINs (all HQs were less than 1). Risk
results are suggestive of some potential for adverse health effects for infants and toddlers. Hazard quotients for
toddlers were greater than 1 but less than 10 for all four products. Hazard quotients for infants were 9.8, 15,
17, and 6.8 for Interceptor G2, Royal Guard, Royal Sentry, and Panda Net 2.0. However, the oral pathway is
the driving factor behind the HQs for toddlers and infants. The highly conservative assumption undetlying
this pathway, established by the WHO and based on conventionally treated ITNs (not LLINSs), is that infants
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and toddlers mouth, chew, or suck on a different 50-cm? area of net each night, ingesting 33% of the
insecticide in that area in the process. Relaxing this assumption even moderately (e.g. dropping the percent of
dislodgeable pesticide from 33% to 10%) would reduce all HQs to less than 10.

The HQs of the two permethrin-based LLIN products (Olyset Plus and Olyset Duo) were similar; adverse
human health effects for adults and children for both products are not expected (all HQs were less than 1).
The HQ for infant for Olyset Duo and the HQs for toddler and infant were in small exceedance of 1,
presenting minimal risk to human health. ILCR results for Olyset Plus and Olyset Duo were 5E-04, which is
above the threshold of 1E-04. Potential exposures have been summed for the four age cohotts, protectively
implying continuous exposure to a permethrin-containing net during a 50-year residential exposure duration.
This and other conservative assumptions and models applied to estimate ILCR for LLINs suggest that even a
reasonably protective estimate of ILCR is likely to be less than 1E-04.

LARVICIDING RISK SCREENING RESULTS

All larvicides considered in this PEA presented very low health risk to both workers applying the products
and residents coming into contact with them via drinking or bathing in contaminated ground water. For
chemical larvicides, HQs are well below 1 for all receptors, indicating minimal noncancer hazard, and the
ILCR calculated for the one product deemed potentially carcinogenic (diflubenzuron) was well below the
threshold of 1E-04, indicating minimal excess cancer risk. Biological larvicides derived from bacteria
(primarily Bacillus thuringiensis, or Bt) were evaluated qualitatively and determined to present no known human
health risks as well.

Ecological risks for larvicide use were considered semi-quantitatively, and show wide variability among
products in terms of potential hazard to aquatic and terrestrial ecosystems. While data are somewhat sparse,
in general, there is evidence of low risk for at least some larvicide products in most risk categories considered
(i.e., persistence, bioaccumulation, and toxicity in various terrestrial and aquatic ecological communities).
Results from this PEA can support the selection of preferred larviciding agents under various scenarios of
environmental concern.

LONG-LASTING INSECTICIDAL HAMMOCKS (ILIH) AND CLOTHING RISK
SCREENING RESULTS

Noncancer effects associated with LLIH are relatively low, with HQ below 1 in most cases. Infant and
toddler risks are somewhat higher for both insecticides considered (i.e., permethrin and deltamethrin), but
HQs remain below 10 in all cases. Calculated ILCR for permethrin-treated LLIH is 2E-03, considerably
higher than the 1E-04 threshold for cancer risks. However, LLIH risk calculations are based on the same
conservative assumptions noted above for LLIN. Additional conservatism applies in terms of the permethrin
ILCR, in that the risk model used assumes maximal exposure to LLIH during every day of the receptor’s
lifetime; in reality, LLLIH use is unlikely to be continuous, and insecticide concentrations will decline over the
course of the product’s useful life. Thus, on the basis of all factors considered LLIH are recommended as
safe interventions.

Permethrin-treated clothing was evaluated qualitatively in terms of potential for human health risk. In light of
its extensive use history (in particular, by the U.S. military) and past evaluations by the USEPA, the
intervention is deemed effective and safe for use.

MITIGATION MEASURES

USAID, most often under PMI, works in partnership with Ministries of Health to determine the optimal use
of resources for malaria vector control based on factors such as insecticide resistance patterns (including
resistance intensity), social acceptability, donor/resource landscape, logistical feasibility, etc. Once an
intervention has been selected as appropriate, the choice (if one exists) of insecticide for that intervention is
based on the status of WHO recommendation, country registration, duration of malaria season versus
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residual efficacy of insecticide, insecticide resistance, cost, safety, and availability of product. All things being
equal, USAID strives to select intervention options that pose the least risk to human health and the
environment. However, there are currently wide variations in most of these factors (e.g., residual efficacy
ranges from two months to eleven months, cost ranges from $3.50 to $23.50 USD a sachet, etc.). As such,
the PEA recognizes the trade-offs that are considered when selecting the intervention/insecticide, and has
refined its mitigation measures to minimize the likelihood of adverse human health and ecological impacts.

This PEA revision contains results of the pirimiphos-methyl (capsule suspension) biomonitoring pilot that
was called for in the 2012 PEA revision, and the ensuing policy recommendation regarding use of
pirimiphos-methyl. This PEA revision also contains the revised best practices related to misuse of LLINs
(particularly misuse of nets for fishing); updates on global policy discussions regarding end-of-life options for
LLINs; and the inclusion of mitigation measures for larviciding programs for malaria control. Intervention-
specific mitigation measures are now contained in annexes to allow for rapid revisions to mitigation measures
as needs arise.

GOING FORWARD

Historically, USAID’s Integrated V ector Management Programs for Malaria Control PEA has been revised every four
to five years. The modularization of this PEA was designed, in part, to allow for more frequent updates to
keep pace with new products. As products are submitted to the WHO for review, manufacturers are highly
encouraged to submit the relevant information to USAID for simultaneous review. Revisions to the PEA will
thus be made on a more frequent basis.
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1.0 INTRODUCTION

The global health vision of the Unites States Agency for International Development (USAID) is a world
where people lead healthy, productive lives and where mothers and children thrive. USAID’s efforts to
combat malaria contribute significantly to two of the priority areas that contribute to achieving this vision:
ending preventable child and maternal deaths and fighting infectious diseases. The majority of USAID-
supported malaria activities are implemented under the President’s Malaria Initiative (PMI) (see below),
although USAID also supports malaria control activities in the Amazon (Amazon Malaria Initiative) and in
emergency situations (primarily via the Bureau for Democracy, Conflict, and Humanitarian Assistance).

|.I PRESIDENT’S MALARIA INITIATIVE (PMI)

PMI is an interagency initiative led by USAID and implemented together with the U.S. Centers for Disease
Control and Prevention (CDC) of the U.S. Department of Health and Human Services (HHS). It is overseen
by a U.S. Global Malaria Coordinator and an Interagency Advisory Group made up of representatives of
USAID, CDC/HHS, the Department of State, the Department of Defense, the National Security Council,
and the Office of Management and Budget.

When it was launched in 2005, the goal of PMI was to reduce malaria-related mortality by 50% across 15
high-burden countries in sub-Saharan Africa through a rapid scale-up of four proven and highly effective
malaria prevention and treatment measures:

indoor residual spraying (IRS),

long-lasting insecticidal nets (LLINS),

intermittent preventive treatment of pregnant women, where appropriate, and

treatment with artemisinin-based combination therapies, ideally based on a laboratory diagnosis of
malaria.

With the passage of the Tom Lantos and Henry J. Hyde Global Leadership against HIV/AIDS, Tuberculosis,
and Malaria Act in 2008, PMI developed a U.S. Government Malaria Strategy for 2009-2014. This strategy
included a long-term vision for malaria control in which sustained high coverage of malaria prevention and
treatment interventions would progressively lead to malaria-free zones in Africa, with the ultimate goal of
worldwide malaria eradication by 2040—2050. Consistent with this strategy and the increase in annual
appropriations supporting PMI, four new sub-Saharan African countries and one regional program in the
Greater Mekong Subregion of Southeast Asia were added in 2011. The contributions of PMI, together with
those of other partners, have led to dramatic improvements in the coverage of malaria control interventions
in 19 PMI-supported countries, 17 of which have documented substantial declines in all-cause mortality rates
among children less than five years of age.

e

The current PMI Strategy (2015-2020) takes into account the progress over the past decade and the new
challenges that have arisen, setting forth a vision, goal, objectives, and strategic approach for PMI through
2020, while reaffirming the longer-term goal of worldwide malaria eradication. Malaria prevention and control
remain a major U.S. foreign assistance objective, and this strategy fully aligns with the U.S. Government’s
vision of ending preventable child and maternal deaths and ending extreme poverty. It is also in line with the
goals articulated in the Roll Back Malaria partnership’s second Global Malaria Action Plan and the World
Health Organization’s (WHO) Global Technical Strategy. The U.S. Government shares the long-term vision of
affected countries and global partners of a world without malaria. This vision will require sustained, long-term
efforts to drive down malaria transmission and reduce malaria deaths and illnesses, leading to country-by-
country elimination and eventual eradication by 2040-2050. The U.S. Government’s goal is to work with
PMI-supported countries and partners to further reduce malaria deaths, substantially decrease malaria
morbidity, and move toward the long-term goal of elimination.

Progress to Date — Since 2000, there has been tremendous scale up of malaria prevention and control
measures, particularly in sub-Saharan Africa. In 2015, almost three-quarters (67%) of the population in sub-
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Saharan Africa had access to an LLIN, compared to less than 2% in 2000. The estimated proportion sleeping
under an LLIN was 55%. Under the PMI alone, 197 million LLINs have been procured since the launch of
the initiative. In addition, 116 million people globally were protected by IRS in 2014, including 50 million
people in Africa. Approximately 6% of the population at risk of malaria in Africa live in households that are
protected by IRS.

This scale up has led to unequivocal global progress in malaria control. Between 2000 and 2015, malaria
mortality rates fell by 60% globally and by 66% in the African region, and the WHO estimates that more than
6.2 million malaria deaths were averted during this period. Malaria is no longer the leading cause of death
among children under five in sub-Saharan Africa. In the 17 PMI focus countries that have paired nationwide
surveys conducted since 2006, there have been significant declines in all-cause mortality rates among children
less than five years of age, ranging from 8% to 67%.

Global Burden of Disease — According to the latest estimates from WHO, there were 214 million new cases
of malaria worldwide in 2015 (range 149—303 million). The African Region accounted for most global cases
of malaria (88%), followed by the South-East Asia Region (10%) and the Eastern Mediterranean Region
(2%).

In 2015, there were an estimated 438,000 malaria deaths (range 236,000-635,000) worldwide. Most of these
deaths occurred in the African Region (90%), followed by the South-East Asia Region (7%) and the Eastern
Mediterranean Region (2%). Children under five are particularly susceptible to malaria illness, infection and
death. In 2015, malaria killed an estimated 306,000 children under five years of age globally, including 292,000
children in the African Region.

Regulatory Setting — As a federal government agency, USAID is subject to U.S. environmental laws and
regulations. Implementation of these through environmental impact assessments ensures that USAID
development programs are both economically and environmentally sustainable. Title 22, Code of Federal
Regulations, Part 216 (22 CFR 216), more often called 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.” Based on
the nature of the proposed activities and geographic coverage, a Programmatic Environmental Assessment
(PEA) approach is warranted for meeting Regulation 216 requirements and provides the protocols that assure
the environmental soundness of project implementation. A PEA also expedites future USAID environmental
documentation processes by providing reference material for Initial Environmental Examinations (IEEs),
Supplemental Environmental Assessments (SEAs), or other individual environmental assessments that
address country-specific USAID support for malaria vector control activities.

The WHO’s Pesticides Evaluation Scheme (WHOPES) is the program charged with promoting and
coordinating the testing and evaluation of pesticides for public health. It oversees the phased evaluation of
pesticide products and produces international recommendations. It functions through the participation of

WHOPES

Preparator Phase |. Phase 2. Phase 3. Phase 4.
Pphase )’ Laboratory Small Scale Large Scale Development of
Studies Field Trials Field Trials Specifications

Issuance of Interim Issuance of Final
WHOPES Working WHOPES Working
Group Recommendation Group Recommendation

(for LLINs only)
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representatives of governments, manufacturers of pesticides and pesticide application equipment, WHO
Collaborating Centres and research institutions, as well as other WHO programs, notably the International
Programme on Chemical Safety. Currently, WHOPES employs a phased evaluation and testing program as
follows:

Upon submission of a dossier from the manufacturer (which includes a manufacturer-generated risk
assessment), WHOPES begins its review, assessing whether additional data is required and defining trial
protocols. During Phase 1, the properties of the product (i.e., biological efficacy and residual effect) are
evaluated in a laboratory setting and an independent risk assessment is completed. During Phase 2, the
product properties (i.e., biological efficacy and impact on vector behavior) are evaluated, and perceived
adverse effects on users are investigated, in small-scale field trials. During Phase 3, the product is evaluated
for its residual activity and operational acceptability in large-scale field trials. Upon satisfactory completion
of WHOPES Phases 1 through 3, WHO specifications of the product are developed and published in
collaboration with the Food and Agriculture Organization of the United Nations (UNFAO). These
specifications — which describe physical and chemical characteristics — provide countries a point of reference
for quality control. For LLINs, WHOPES issues an snterimz recommendation of the product after successful
completion of Phase 2 and the product then becomes eligible for procurement by donors.2

While WHOPES is not a regulatory body, its rigorous independent review is critical, and Member States that
lack the capacity to conduct their own risk assessments often rely on WHOPES for the development of
policies, strategies, and guidelines for the selective and judicious application of public health pesticides. In
addition, WHOPES recommendations are often a necessary precursor to country registration. As such, while
USAID is not required by US regulations to select insecticide products that have been recommended for use
by WHOPES, most countries where USAID supports vector control interventions will only register
insecticide products recommended by WHOPES. Therefore, USAID’s procurement policies factor in
WHOPES recommendations in its environmental decision making criteria (see Annex B and Section 2 for
more information).

Over a 3-year transition process starting October 2015, pesticide evaluation will move to the WHO
Prequalification Team (PQ), which has been performing a similar function (assessing the quality, safety, and
efficacy) for pharmaceuticals since 2001. WHOPES will continue to coordinate and supervise the testing of
pesticide products for any trials that are in process or for products accepted into WHOPES before October
2016. WHOPES will organize the last Working Group meeting during the first quarter of 2017. Thereafter,
any data generated from pesticide trials will be assessed by the PQ under the new vector control product
assessment team. USAID is in support of these changes, and has been collaborating with WHO through the
Gates-funded “Innovation to Impact” project to facilitate a timely and smooth transition to the new review
process. When the specifics of the new process have been determined, relevant sections of the PEA and/or
annexes will be revised to reflect the new process.

|.2 PURPOSE OF THIS PEA UPDATE

The PEA serves as an umbrella evaluation of environmental and human health issues related to malaria
vector control and assists with the preparation of country and activity specific SEAs for malaria vector
control programs. Importantly, the PEA provides project managers with a technical, policy, and procedural
guide for the preparation of country- and activity-specific SEAs for individual malaria vector control
programs. Together, the PEA and SEAs are intended to provide a clear basis for how malaria vector control
activities should be implemented to comply with the Agency’s environmental regulations. This PEA fulfills
the legal requirement of assessing environmental and health impacts of the Malaria Vector Control Program

2 There is only one instance to date where an LLIN product with a WHOPES interim recommendation following the completion of its Phase 2
testing did not pass the Phase 3 testing, at which point the interim recommendation was withdrawn (and donors immediately stopped
procuring the product).
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and it is a tool for designing and implementing safe, environmentally, and socially sound malaria vector
control activities.

This is the second revision to the PEA (the original was released in 2007 and the first revision was released in
2012). There are five primary purposes for this PEA update:

1. harmonize the methodology with the Generic Risk Assessment Models (GRAMs) for insecticides
published by the WHO;

2. streamline the PEA methodology, emphasizing a more modular approach;

3. characterize potential health and environmental risks associated with new interventions and active
ingredients;

4. refine the mitigation measures based on a decade of experience with malaria vector control activities;
and

5. standardize the risk assessment results to allow comparisons between insecticides within an
intervention, interventions, pathways of exposure, and individuals that come in contact with
insecticides in work and residential settings.

Harmonized PEA Methodology — Since the PEA risk assessment methodology was developed in 2007, the
WHO has published three GRAMs: Indoor Residual Spraying — First Revision (WHO, 2011), Insecticide
Treated Nets — Revised Edition (WHO, 2012), and Larvicides — First Revision (WHO, 2011). The GRAM is
similar in many respects to the methodology in the 2007 PEA (both drew heavily from U.S. Environmental
Protection Agency (USEPA) references and data sources); however, there are differences regarding exposure
scenarios (e.g., how exposure occurs), and the risk calculations are presented differently in the respective
reports. As a result, industry submissions on insecticide risk assessment are not easily interpretable relative to
the 2007 PEA methodology, and the comparison between risk assessments is unnecessarily time consuming,
Therefore, the Harmonized Approach for the Assessment of Risks in Programmatic Environmental
Assessments (HAARP) was developed for this PEA revision. The HAARP is organized around intervention
(rather than activities like mixing insecticides), and explicitly tracks exposure scenarios with the risk
calculations and necessary input data. This allows USAID to easily replicate the calculations and demonstrate
that best risk assessment practices have been followed. In addition, the evaluation of the Affected
Environment is now focused primarily on larviciding; while environmental implications of end-of-life issues
(e.g., disposal recommendations) are included under the discussion of each intervention type.

Streamlined Methodology —Because previous PEAs were not modular previously, updating the PEA
required a relatively long period of time. The ability of USAID to rapidly assess (and utilize) new
interventions and/or new products is critical.

e The document has been reorganized such that only a few sections will need to be updated each
time USAID approves a new intervention or product (e.g., Section 4.0, Annex C).

e The level of technical detail has been reduced in the main body of the report and, generally, the
HAARP avoids duplicating readily available risk assessment guidance documents.

e The report is now organized around interventions (rather than exposure pathways) to facilitate
information updates and to make new information easy to locate, although the risk calculations
for each intervention still involve exposure pathways.

e The exposure scenarios are presented in detail in Annex G, and mapped to the risk calculation
equations for each intervention.

e The results section in the main body of the report (Section 4.0) provides a concise summary of
the results, inputs, and conclusions.

e Risk calculation software has been developed to provide an efficient method to update input
data, add interventions and/or products, run calculations, and analyze results.

¢ Recommended mitigation measures for IRS, LLINs, and larvicidal agents have been moved to
Annexes to allow for rapid review and approval of updated measures.
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Apart from revising the PEA to assess new interventions and/or new products, it is expected that USAID
will revise the PEA on an ad hoc basis as the need arises (e.g., to refine mitigation measures, to address
unforeseen challenges, etc.). At minimum, the PEA will be revised every five years if there are no triggers up
to that point requiring a revision. Updates may be proposed by environmental officers, PMI team members,
or other technical USAID stakeholders. Substantive changes may require review and clearance by the original
signatories.

New Interventions and Product Formulations — This PEA update includes two interventions that have
not previously been evaluated by USAID (insecticide-treated clothing and long-lasting insecticidal hammocks
(LLIHs)), as well as new product formulations that combine insecticides and/or include an insecticide
synergist. In addition, given larviciding may be implemented (when/where determined effective) in pre-
elimination and elimination settings, USAID decided to evaluate the full suite of compounds and
formulations for the control of mosquito larvae recommended by WHOPES, including biological and
chemical agents.

Refined Mitigation Measures — USAID has gained a decade of experience in implementing LLIN and IRS
programs, largely under the PMI and to some extent from humanitarian interventions funded by the Office
of Foreign Disaster Assistance implemented through non-governmental organizations and public
international organizations. Therefore, the mitigation measures for LLINs and IRS in this revised PEA
reflect that experience and focus on mitigation measures for the pathways of greatest potential for risk. In
addition, this revised PEA includes results from a pilot organophosphate (OP) biomonitoring project and
PMT’s summarizes ensuing policy recommendation, as well as refined mitigation measures to address LLIN
misuse, repurposing, and disposal.

Standardized Results — As the “library” of risk assessment results continues to grow, USAID is developing
a greater understanding of the nature and potential magnitude of risks to human health. This knowledge base
supports detailed analyses of the risk results, allowing a PEA user/decision-maker to determine what
exposure scenarios tend to be riskiest, identify which receptors are likely to receive the highest exposures, and
compare insecticides approved for a specific intervention. The insights that USAID develops through these
results-mining activities will facilitate the decision-making process and inform continuing development of
mitigation strategies.

This PEA was prepared using best practice methodologies as recommended by Regulation 216. This included
using numerous secondary sources found in professional journals and in publications by environmental and
public health organizations, such as WHO, WHOPES, USAID, USEPA, and others. USAID Malaria
Advisors and USAID Environmental Officers were consulted for updated information. Public consultation
and review was invited during the scoping process and review of the initial draft of the PEA.

|.3 UNDERSTANDING VECTOR CONTROL

Malaria remains the most important vector-borne disease in public health and the current intensification of
malaria control efforts includes the delivery of a package of vector control interventions aimed at controlling
transmission.

Malaria is caused by Plasmodinm parasites. The parasites are spread to people through the bites of infected
Anapheles mosquitoes, called "malaria vectors", which bite mainly between dusk and dawn.

There are four types of human malaria:

»  Plasmodium falciparum = Plasmodinm malariae

. . [ ] ’
»  Plusmodinm vivax: Plasmodium ovale

Plasmodium falciparum and Plasmodinm vivax are the most common; Plasnodinm falciparum is the most deadly.
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Transmission — Malaria is transmitted exclusively through the bites of female Angpheles mosquitoes. The
intensity of transmission depends on factors related to the parasite, the vector, the human host, and the
environment.

About 20 different Angpheles species are locally important vectors around the world. All of the important
vector species bite at night. They breed in shallow collections of freshwater like puddles, rice fields, and hoof
prints. Transmission is more intense in places where the mosquito is relatively long-lived (so that the parasite
has time to complete its development inside the mosquito) and where it prefers to bite humans rather than
other animals. The long lifespan, strong human-biting habit of African vector species, and intensity of
Plasmodinm falciparnm transmission are the undetlying reason why more than 85% of the world's malaria deaths
are in Africa.

Human immunity is another important factor, especially among adults in areas of moderate or intense
transmission conditions. Immunity is developed over years of exposure, and while it never gives complete
protection, it does reduce the risk that malaria infection will cause severe disease. For this reason, most
malaria deaths in Africa occur in young children, whereas in areas with less transmission and low immunity,
all age groups are at risk.

Transmission also depends on climatic conditions that may affect the abundance and survival of mosquitoes,
such as rainfall patterns, temperature and humidity. In many places, transmission is seasonal, with the peak
during and just after the rainy season. Malaria epidemics can occur when climate and other conditions
suddenly favor transmission in areas where people have little or no immunity to malaria. They can also occur
when people with low immunity move into areas with intense malaria transmission, for instance to find work,
or as refugees.

Integrated Vector Management (IVM) approach —IVM is a rational decision-making process for the
optimal use of resources for vector control. The aim of IVM is to improve the efficiency, effectiveness, and
ecological soundness of vector control interventions, and to contribute to achieving national and global
targets set for vector borne disease control. To achieve this, vector control programs need to be increasingly
based on local evidence, integrate interventions where appropriate, collaborate within the health sector and
across other sectors, and actively engage communities (see Table 1-1). The process of planning and
implementing of IVM includes assessing the epidemiological and vector situation at the country level,
analyzing the local determinants of disease, identifying and selecting the vector control methods, assessing
needs and resources, developing locally-tailored implementation strategies, and monitoring control efficacy to
guide subsequent programmatic decisions (see the WHO Handbook on Integrated Vector Management,
2010).

Table |-1. Key elements of the IVM strategy

KEY ELEMENTS DESCRIPTION

Advocacy, social Promotion and embedding of IVM principles in the development policies of
mobilization and legislation | all relevant agencies and humanitarian interventions, organizations, and civil
society; establishment and strengthening of regulatory and legislative
controls for public health; and empowerment of communities.

Collaboration within the Consideration of all options for collaboration within and between public and
health sector and with private sectors, as well as international organizations and non-governmental
other sectors organizations; application of the principles of subsidiarity in planning and

decision making; and strengthening channels of communication among
policymakers, vector-borne disease control program managers and other
IVM partners.
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Integrated approach Ensure rational use of available resources through a multi-disease control
approach, integration of non-chemical and chemical vector control methods,
and integration with other disease control measures.

Evidence-based decision- Adaptation of strategies and interventions to local ecology, epidemiology and
making resources, guided by operational research and subject to routine monitoring
and evaluation.

Capacity-building Development of essential physical infrastructure, financial resources and
adequate human resources at national and local level to manage IVM
strategies based on a situation analysis.

IVM requires a problem solving approach to vector control, where current and historical field observations,
surveillance and situation analysis constitute the basis for a plan of action. An IVM-based process should also
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. The Malaria Vector Control Program should recognize that
malaria is focal and variable in nature—even within a single district or municipality, there may be great
differences in transmission risk—and, as a result, there is no single answer to vector control that can be
applied in all circumstances.

Insecticide Resistance and Resistance Management — Resistance to insecticides is defined as “#he selection
of a heritable characteristic in an insect population that results in the repeated failure of an insecticide product to provide the
intended level of control when used as recommended” based on the definition from the Insecticide Resistance Action
Committee. Various mechanisms that enable insects to resist the action of insecticides are grouped into four
categories:

Metabolic resistance is the most common form of resistance that occurs in insects. Enzymes produced within
insects are often enhanced in resistant strains enabling them to metabolize or degrade insecticides before they
are able to exert a toxic effect.

Target-site resistance occurs when the insecticide no longer binds effectively to the site of action within the
insect, which results in the insect being unaffected or less affected.

Reduced uptake (cuticular resistance) occurs when the cuticle or digestive tract linings in the insect are modified
and prevent or slow the absorption of the insecticide.

Behavioral resistance describes any modification in insect behavior that helps to avoid the lethal effects of
insecticides, such as outdoor feeding to avoid indoor insecticide application.

Cross resistance occurs when a resistance mechanism that allows insects to resist one insecticide also confers
resistance to compounds within the same class, and may occur between chemical classes. For example,
dichlorodiphenyltrichloroethane (DDT) and pyrethroid insecticides are chemically unrelated, but both act on
the same target site. Past use of DDT has resulted in a mutation at the target site. These insects that have
retained the mutation have some resistance to pyrethroids in addition to DDT.

Resistance occurs when naturally occurring genetic mutations allow a small proportion of the population to
resist and survive the effects of the insecticide. By continually using the same insecticides, resistant insects will
reproduce, thereby increasing the proportion of resistant individuals in the population. Populations of insects
that have never been exposed to insecticides are usually fully susceptible, and resistance genes are rare.
Factors that influence resistance development include the following:

o Frequency of application — How often an insecticide is used is one of the most important factors that
influence resistance development.

o Repeated prior exposure to pesticide molecules with similar structures
o Dosage and persistence of effect — An insecticide that remains effective or persists for months or years will
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provide selection pressure against many generations.

o Rate of reproduction — Insects that have a short life-cycle and high rates of reproduction are likely to
develop greater genetic diversity among progenies and a higher rate of resistance more rapidly than
species with a lower rate of reproduction.

o Population isolation — The goal is often to eliminate all of the population, however the greater the
selection pressure that is put on a population, the faster susceptibility may be lost.

o Environmental factors — Factors that favor immunity of pest populations contribute to developing
strains that retain the ability to resist pesticide effects.

Resistance selection in disease vectors from non-public health pesticides, such as agricultural insecticides,
contributes to selection pressure. For example, the initial selection for resistant individuals is often due to
application of agricultural insecticides.

Insecticide resistance is one of the most serious threats to malaria control, so resistance management is a key
component of IVM. Because recent progress in malaria control has been largely accomplished through a
massive increase in vector control through LLINs and IRS, and since both of these prevention measures
depend on the ability of insecticides to kill or reduce the lifespan of female mosquitoes, understanding and
monitoring insecticide resistance is critical to their continued effectiveness.
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@ o 0;.0 ﬁ:‘ .‘. .”.'-
8 °
o ® &).'
Ty A
e afep e
3 4 =ie .J:q@ é§
o ® 4

@ Pyrethroid resistance (< 90% mortality) @ Possible pyrethroid resistance (90%-98%) @ Susceptible to pyrethroids (> 98%)
Note: Each dot represents one insecticide resistance monitoring site.

Historically, IRS has relied on a limited number of WHOPES-recommended insecticides from only four
insecticide classes, and I'TNs have relied solely on pyrethroids. In PMI focus countries in sub-Saharan Africa,
as of 2015, vector resistance to pyrethroids has been detected in all 19 countries (see Figure 1-1 below),
resistance to carbamates in 16 PMI focus countries, and resistance to DDT in 17 countries. For additional
information on insecticide resistance, PMI recently added an “Entomology Monitoring” section to its public
website, located at: https://www.pmi.gov/how-we-work/technical-areas/entomological-monitoring. There
is a link to the IRMapper, which is a tool used to view results from standardized insecticide resistance tests on
malaria mosquitoes collected from sites throughout the world, and to which, PMI submits its insecticide
resistance data.

Figure I-1. Expansion of PMI-Supported Insecticide Resistance Monitoring Sites in Africa and Detection
of Widespread Pyrethroid Resistance

Although efforts are under way to develop new insect control products that will effectively control insect
strains resistant to currently used insecticides, the research and development of these products is an expensive
and long-term endeavor. Therefore, detection of insecticide resistance, and use of insecticides for which
mosquitoes are susceptible, should be essential components of all national malaria control efforts to protect
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and extend the useful life for current insecticides. Effective resistance management requires not only a sound
understanding of the vector’s biology and the monitoring of vector population, but also the detection,
monitoring and consequences of resistance, as well as an understanding of the principles of resistance
management.’ Understanding modes of action of the pesticides is essential for devising a strategy of switching
ot rotating insecticides.

Insecticide resistance management can, in part, be undertaken using strategic insecticide-based approaches
and can take several forms:

e Rotation strategies are based on the rotation over time of two or more insecticide classes with
different modes of action. The time frame for rotation needs to be sufficiently short to prevent
significant levels of resistance to develop.

o Fine scale mosaics are the use of spatially separated applications of different compounds against the
same insect, such as using two insecticides in different dwellings within the same village.

e Mixtures is the co-application of two or more insecticides of different classes and can take the form
of a single formulation containing more than one insecticide, two or more insecticide formulations
being applied in the same spray tank, or LLINSs treated with two or more insecticides.

o Combination interventions involve using different insecticide classes applied in different forms within a
house (such as using carbamate for IRS and pyrethroid on LLIN).

The USAID Malaria Control Program is currently supporting implementation of insecticide rotations and
combination interventions, when possible. This revised PEA evaluates mixtures for both LLINs and IRS,
and USAID stands ready to support the approach of using mixtures to combat insecticide resistance once
these products are recommended by WHO.

The WHO’s Global Plan for Insecticide Resistance Management * recommends that in areas where IRS is the
primary form of vector control, insecticides that share a common target site should not be rotated back-to-
back. In addition, the plan recommends that in areas where pyrethroids LLINs are deployed and there is an
IRS program, non-pyrethroid IRS should be deployed. Implementation of the Global Plan for Insecticide
Resistance Management will be more feasible as new, longer-lasting formulations of non-pyrethroid insecticides
for IRS and LLINs with non-pyrethroids or synergists become available.

It is critical to note that insecticide resistance has different implications for IRS and larviciding than for
LLINs. For IRS and larviciding, it is essential to use insecticides for which mosquitoes are susceptible, and if
resistance is detected to an available insecticide, then the insecticide should not be used. For LLINs, on the
other hand, which have a physical protective barrier in addition to the insecticide barrier, there is a delayed
epidemiological impact when mosquito resistance emerges. Studies document that pyrethroid-treated LLINs
continue to provide personal protection in areas with documented pyrethroid resistance.> Nonetheless, the
ability of insecticide resistance to compromise the epidemiological performance of LLINs is delayed, at best,
and it is only a matter of time before pyrethroid resistance begins to undermine the gains that have been
made by LLINs in reducing the burden of malaria. USAID remains fully supportive of the collective global
efforts to ensure that LLINs, as an intervention, remain fully effective against malaria vectors and protective
of at-risk populations through the application of new insecticides to nets. Three new net types are evaluated
in this PEA; when WHO issues normative guidance on use of these pyrethroid/non-pytethroid or pyrethroid
plus synergist (see below) nets, USAID will determine if and where best to deploy these LLINs.

Synergists can be defined as compounds that enhance the toxicity of some insecticides by inhibiting the
enzymes that metabolize insecticides within the insect. In certain types of resistant insects, synergists can

3 IRAC. Prevention and Management of Insecticide Resistance in Vectors of Public Health Importance. 2010.
4 Available at http://apps.who.int/iris/bitstream/10665/44846/1/978924 1564472 _eng.pdflua=|

5 Lindblade K, Mwandama D, Mzilahowa T et al. A cohort study of the effectiveness of insecticide-treated bed nets to prevent malaria in an
area of moderate pyrethroid resistance, Malawi. Malaria Journal 2015, 14:31.
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significantly enhance insecticide performance and overcome metabolic resistance. The use of synergists has a
valuable place in increasing the activity of certain insecticides on insects with specific resistance mechanisms
and prolongs the useful life of those insecticides where resistance is developing. However, there is currently
insufficient evidence to determine whether synergists can influence the frequency of resistance genes in a
vector population.

Insecticide resistance management can also be undertaken by ensuring implementation of high quality vector
control activities to reduce the spread of insecticide resistance. Exposure to sub-lethal application of IRS or
poor quality or compromised LLINs (e.g., nets that have been inappropriately stored) may allow mosquitoes
with reduced susceptibility to insecticides to survive and pass on the resistance genes. Factors which reduce
the efficacy of a vector control program can lead to a shift in the susceptibility status of the mosquito
population and should be avoided through informed product choice, effective IRS application, and LLIN
distribution and education (IRAC 2010).

|.4 SAFETY OF INTERVENTIONS

The Pesticide Procedures portion of Regulation 216 states that “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)(i).”
This section fulfills the requirement that “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.” Included in the
PEA are the following factors that are considered throughout this report.

THE USEPA REGISTRATION STATUS OF THE REQUESTED INSECTICIDE

USAID is effectively limited to using active ingredients registered by the USEPA for the same or
similar uses. Other pesticides not registered in the United States may be authorized, but only if the
USAID program can show that no alternatives are available.

THE BASIS FOR SELECTION OF THE REQUESTED INSECTICIDE

Insecticide selection is based on the following factors: status of WHO recommendation, country
registration, duration of malaria transmission season, insecticide resistance levels, availability of
insecticide, residual efficacy of insecticide, costs, and safety. All things being equal, a program should
choose the active ingredient and formulation that presents the least overall environmental and health
human risk.

THE EXTENT TO WHICH THE PROPOSED PESTICIDE USE IS PART OF AN INTEGRATED
PEST MANAGEMENT PROGRAM

USAID has adopted integrated vector control as a public health policy because it is the most
effective, economical, and safest approach to pest control. The extent of insecticide use will depend
on host government approval and the needs of the country specific programs.

THE PROPOSED METHOD OR METHODS OF APPLICATION, INCLUDING AVAILABILITY
OF APPROPRIATE APPLICATION AND SAFETY EQUIPMENT

All methods of application will meet state-of-the-science requirements for Best Management
Practices (BMPs) including, for example, BMPs for Indoor Residual Spraying (USAID, 2015) and
management of LLINs (WHO, 2014; USAID, 2014). Section 2.0 of this document describes the
method(s) of application for each malaria control intervention.
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ANY ACUTE AND LONG-TERM TOXICOLOGICAL RISK, EITHER HUMAN OR
ENVIRONMENTAL, ASSOCIATED WITH THE PROPOSED USE AND MEASURES
AVAILABLE TO MINIMIZE RISK

The risk assessment approach described in Section 3.0 represents the core function of this document.
The HAARRP is used to characterize the potential for adverse effects to workers and residents that
may come in contact with insecticides. Section 4.0 presents the risk assessment results, and
recommends mitigation options, as appropriate, to minimize exposure.

THE EFFECTIVENESS OF THE REQUESTED INSECTICIDE FOR THE PROPOSED USE

The effectiveness of insecticides chosen is a factor of vector resistance and residual persistence.
Monitoring activities will determine the effectiveness (including residual efficacy) in the affected
environment.

THE CONDITIONS UNDER WHICH THE PESTICIDE IS TO BE USED, INCLUDING
CLIMATE, FLORA, FAUNA, GEOGRAPHY, HYDROLOGY, AND SOILS

This refers to environmental factors that might accentuate the effects of exposure to insecticide,
and/or the presence of plants and animals that are of social or economic value. Because the PEA is
not developed for specific locations, the affected environment must be addressed in the SEA on a
case-by-case basis. Section 3.3 describes a general approach to characterizing environmental risk,
primarily focused on larviciding, the intervention with the greatest direct environmental contact.

THE AVAILABILITY AND EFFECTIVENESS OF OTHER INSECTICIDES OR NON-CHEMICAL
CONTROL METHODS

Particular vector control interventions are chosen based upon the specific needs and situations (e.g.,
entomologic, epidemiologic, capacity, etc.) of each country and are most often stipulated in national
malaria control strategies. The interventions included in this PEA update have all been shown to be
effective in malaria control to different degrees. New insecticides or non-chemical control methods
will be considered as new information becomes available.

THE REQUESTING COUNTRY’S ABILITY TO REGULATE OR CONTROL THE
DISTRIBUTION, STORAGE, USE AND DISPOSAL OF THE REQUESTED INSECTICIDE

The PMI works within the overall strategy and plan of the host country’s National Malaria Control
Program (NMCP) and planning and implementation of PMI activities are coordinated closely with
each Ministry of Health. Regulatory, legal and institutional settings are discussed in Section 6.0;
however, the host country’s ability to regulate pesticides should be evaluated on a country-by-country
basis in the SEA.

THE PROVISIONS MADE FOR TRAINING OF USERS AND APPLICATORS

USAID recognizes that safety training is an essential component in programs involving the use of
insecticides, and provides training recommendations for each intervention.

THE PROVISIONS MADE FOR MONITORING THE USE AND EFFECTIVENESS OF THE
INSECTICIDE

Evaluating the risks and benefits of insecticide use should be an ongoing, dynamic process.
Recommendations for mitigation and monitoring are including in Section 5.0 of this document.
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1.5 NEW TO THIS PEA UPDATE

New pesticides are continuously being developed and researched for malaria vector control. Several new
products under the WHO and/or PQ laboratory and/or field-testing and evaluation have been included in
this PEA as new options for controlling the malaria vector. Per Regulation 216 section 216.3 (b)
requirements, new technologies or insecticides need to undergo an environmental assessment in order to
identify the human and environmental risks. Below are the interventions and insecticides that have been
reviewed by USAID in this update.

Indoor Residual Spraying

Chlorfenapyr Suspension Concentrate (SC)

Clothianidin Water Dispersible Granules (WG)

Clothianidin and deltamethrin Wettable Powder (WP) in sealed water soluble bag (SB)
Pirimiphos-methyl Capsule Suspension (CS)

Long-Lasting Insecticidal Nets

e Alpha-cypermethrin and pyriproxyfen on polyethylene
e Alpha-cypermethrin on polyethylene

e Alpha-cypermethrin and chlorfenapyr on polyester

e Permethrin and pyriproxyfen on polyethylene

e  Permethrin and piperonyl butoxide on polyethylene

e Deltamethrin on polyethylene

Larvicidal agents (chemical)

e  Pyriproxyfen

Spinosad

Spinosad 83.3 monolayer
Spinosad 25 extended release
Chlorpyrifos

Diflubenzuron

Novaluron

e  Fenthion

e Methoprene

e  Pirimiphos-methyl
e Temephos

Larvicidal agents — biological

o Bacillus thuringiensis israelensis (strain AM65-52, 3000 I'TU/mg)
o Bacillus thuringiensis israelensis (strain AM65-52, 200 I'TU/mg))

o Bacillus thuringiensis israelensis (strain AMO65-52 + Bacillus sphaericus strain ABTS-1730; 50 Bsph
ITU/mg)
o Bacillus thuringiensis israelensis (strain 266/2, > 1200 ITU/mg)

Insecticide Treated Clothing (NEW)
o DPermethrin

Long-Lasting Insecticidal Hammocks (NEW)
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o Permethrin
e Deltamethrin

|.6 USING THIS DOCUMENT

The intended audience and users of this PEA are USAID Washington Technical and Program Officers;
USAID Mission Health and Environment Officers; PMI field staff; cooperating country health and
environment officials; USAID partners implementing malaria vector control programs; Office of Foreign
Disaster Assistance Officers; consultants preparing IEEs, SEAs, and other required approval documents; and
the general public. Given the diversity in audiences for this document, as well as the breadth and depth of
information presented, we provide a roadmap below that briefly describes the content of each section, and
indicates which Annexes provide complementary information.

SECTION 2 — VECTOR CONTROL: ALTERNATIVES AND INTERVENTIONS

This section describes the alternatives and interventions that USAID has implemented or considered for
implementation, or is evaluating in this PEA update for malaria vector control. A complete list of products,
active ingredients, and status (i.e., EPA and WHO recommendation status) is provided for each intervention.
In addition, the PEA summarizes safety concerns, best management practices, and end-of-life issues relevant
to the disposition of expired products and waste management. Virtually all of the annexes contain
information describing interventions (e.g., spraying rates, insecticide properties), and there are numerous
reports and guidance documents available from the WHO and USAID describing BMPs for mixing,
application, and disposal of insecticides and insecticide-containing products. However, comprehensive
information on insecticide uses, properties, and applications is found in:

e Annex E — Pesticide Use and Toxicological Profiles
SECTION 3 — OVERVIEW OF RISK ASSESSMENT METHODOLOGY

This section presents the harmonized approach for human health and the affected environment, respectively.
The section begins by providing a useful background that discusses how the PEA risk assessment is
structured, and describes the risk paradigm for HAARP that includes Hazard Assessment, Exposure
Assessment, and Risk Characterization. The section also presents the generalized risk equation used to
estimate the potential noncancer hazard and cancer risk to workers and residents for exposure scenarios
relevant to each intervention. Complementary information to this section is found in:

e Annex F — Equations Used to Calculate Exposure and Human Health Risk
Annex G — Worked Examples of the Human Health Risk Assessment Process
Annex H — Worked Examples of the Ecological Risk Assessment Process
Annex I — USAID Environmental Procedures (22 CFR 210)

Annex P — Climate Change

SECTION 4 — SUMMARY OF RESULTS

This section summarizes the results of the risk characterization. For each intervention and insecticide, key
noncancer hazard and/or cancer risk results are presented along with a description of the exposure scenarios
that were evaluated. The section identifies important sources of uncertainty, including bias, discusses data
needs relative to sources of uncertainty, and highlights risk assessment conclusions that informed the
development of risk mitigation strategies presented in Section 5. Complete results across all exposure
scenarios, the full set of input values, and risk equations are provided in:

o Annex C — Detailed Risk Assessment Results

e Annex D — Physical-Chemical Properties

e Annex E — Pesticide Use and Toxicological Profiles

e Annex F — Equations Used to Calculate Exposure and Human Health Risk
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SECTION 5 — ENVIRONMENTAL MANAGEMENT RESPONSE

The focus of this section is on mitigation of potential safety issues and monitoring of efficacy and safety. For
each intervention, the section highlights key updates in progress made and/or policy decisions reached based
on previous PEAs’ mitigation measures (e.g., biomonitoring for OPs, handling end-of-life LLINs and LLIN

packaging, etc.). This section also contains mitigation measures for any insecticide-based intervention. The

section is supplemented by information found in:

Annex B — Environmental Compliance Processes for IRS
Annex K — Recommended IRS Mitigation Measutes

Annex L — Recommended LLIN Mitigation Measures

e Annex M — Recommended Larvicidal Agent Mitigation Measures

e Annex N — Organophosphate Biomonitoring Results
SECTION 6 — REGULATORY, LEGAL, AND INSTITUTIONAL SETTING

This section describes the regulatory frameworks and partnerships that form the basis for effective malaria
control programs under PMI. Public participation in the host country is emphasized in the development of
safe and effective programs that reflect local needs and constraints. Relevant information regarding the
selection of interventions and the development of country-specific strategies for malaria vector control is
found in:

e Annex J — Guidance for Developing SEAs for Malaria Vector Control Programs
SECTION 7 — PUBLIC CONSULTATION

Prior to developing this PEA update, USAID prepared an annotated outline describing the organization and
content changes to the document and disseminated, for feedback, to key stakeholders (e.g., key USAID users
of the PEA, manufacturers, USEPA, etc.). In addition, USAID posted a draft of the PEA for public
comment. This section describes feedback received by USAID in response to these opportunities for
comment.

e Annex A —Compiled Feedback from the Scoping Exercise
e Annex O — Compiled Feedback from the Public Review

SECTION 8 — LIST OF PREPARERS AND REVIEWERS

This section lists contributing authors and principal reviewers.
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2.0 VECTOR CONTROL: ALTERNATIVES AND INTERVENTIONS
2.1 ALTERNATIVES CONSIDERED BY USAID

There are two basic alternatives for the USAID Malaria Control Program, either no action, where no
interventions would be implemented to control malaria, or the continuation of the USAID Malaria Vector
Control Program. The continuation alternative involves

1. the use of existing interventions and insecticides,
2. the adoption of new insecticide products for existing interventions, and
3. the inclusion of new interventions with re-purposed insecticides or new formulations.

USAID has rejected the “no action” option outright because the impacts of no action—disease, human pain
and suffering, mortality, reduction in quality of life, and economic losses—are considered antithetic to
USAID’s mission to support development and the Bureau for Global Health’s mission to support a world
where people lead healthy, productive lives and where mothers and children thrive.

2.2 USAID-SUPPORTED INTERVENTIONS FOR MVC

As previously stated, USAID supports the scale-up of proven and highly effective malaria control
interventions. Cutrently, USAID relies on two main interventions for malaria vector control: IRS and LLINs,
the latter which became commercially available in 2004 when 5.6 million nets were delivered, and have now
essentially replaced conventional insecticide-treated nets in Africa.® Depending on the vector and country-
specific environmental conditions, USAID may utilize larviciding agents for malaria vector control,
particularly in the pre-elimination and elimination settings. While insecticide-treated hammocks and clothing
have a more limited applicability for malaria control, they have been proven effective in reducing the burden
of malaria in forested, mountainous areas where malaria vectors bite outside the house before bedtime. At the
present time, there is an inadequate evidence base to support malaria vector control other than by these
interventions in most areas of PMI-supported countries.

However, USAID closely collaborates with and supports, in part, the Innovative Vector Control Consortium,
whose mission is to advance the research and development of insecticides for public health using a product
development partnership model. An overview of new tools in development through the Innovative Vector
Control Consortium can be found at: http://www.ivcc.com/creating-solutions /our-work /achievements.

Other technologies under development include shelter materials (e.g., tents, plastic sheeting, etc.), attractive
toxic sugar baits, housing improvements, and topical and spatial repellents. These potential tools are being
developed by a number of commercial groups, as well as the U.S. Departments of Agriculture and Defense.

Although environmental management is also considered to be a USAID-supported intervention, the
development of an environmental management strategy should be determined as part of an SEA, and
therefore, only a general description of environmental management options is presented in Annex |
(Guidance for Developing SEAs for Malaria Vector Control Programs).

The following section briefly covers the following topics for each intervention

e Background (general information about the intervention)
e Insecticides (insecticides recommended/approved)

e Implementation (deployment of insecticide)

e Safety Considerations (potential risks)

6 Conventional insecticide-treated nets (ITNs), requiring regular retreatment of insecticide, ITNs may still be in use in the Greater Mekong
Subregion.
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e Best Management Practices (risk mitigation)
e End-of-Life Issues (re-purposing and disposal)

2.2.1 INDOOR RESIDUAL SPRAYING
BACKGROUND

Indoor residual spraying is a commonly used malaria vector control method that 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 of the Anopheles vector population. It is implemented by applying residual insecticides (to
which female Angpheles mosquitoes have been demonstrated to be 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. 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 (e.g., temperature, humidity, wall washing patterns, etc.). 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, and thereby to substantially reduce the population’s ability to sustain
malaria transmission.

The choice of insecticide class/compound to use in a particular setting should be made with expert
consultation and should consider the following factors: insecticide resistance, duration of efficacy versus
length of transmission season, and safety, registration status, cost, and availability of product. Table 2-1 lists
IRS insecticides that are either WHO-recommended or undergoing WHO review, and therefore, have been
assessed for use in IRS by USAID.

Table 2-1. Insecticides Assessed for Use in IRS by USAID

TARGET CURRENT PRODUCT NAME(S) %,
ACTIVE INGREDIENT [Al] PEA IN WHICH STATUS OF
(Al) AND G/M? ASSESSED WHO AND/OR PQ

FORMULATION RECOMMENDATION?

Clothianidin WP-SB 0.2
Current Fludora Fusion, Under review

Deltamethrin WP-SB 0.025
Chlorfenapyr 240 SC 0.25 Current Phantom, Under review
Clothianidin WG 0.3 Current Sumishield, Under review
as"gha cypermethrin WP, 0.02-0.03 2007 Recommended
Bendiocarb WP 0.1-0.4 2007 Recommended
Bifenthrin WP 0.025-0.05 2007 Recommended
Cyfluthrin WP 0.02-0.05 2007 Recommended
DDT WP -2 2007 Recommended
ektamethrin WP, WG, 0.02-0.025 2007 Recommended
Deltamethrin SC-PE 0.02-0.025 2007 Recommended
Etofenprox WP 0.1-0.3 2007 Recommended
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TARGET CURRENT PRODUCT NAME(S) %,

!
ACTIVE INGREDIENT [Al] PEA IN WHICH STATUS OF
ASSESSED
o éﬁLfX‘T?ON G/M? WHO AND/OR PQ
RECOMMENDATION?
Fenitrothion WP 2 2007 Recommended
'c':asmbda'cyha'“h”“ WP 0.02-0.03 2007 Recommended
Malathion WP 2 2007 Recommended
E'é'm'Ph”'methy' W, 12 2007 Recommended
Pirimiphos-methyl CS I Current Recommended
Propoxur WP -2 2007 Recommended

ICS = capsule suspension; EC = emulsifiable concentrate; SC = suspension concentrate; SC-PE = polymer enhanced suspension
concentrate; WG = water dispersible granules; WG-SB = water dispersible granules in sealed water soluble bags; WP =
wettable powder; WP-SB = wettable powder in sealed water soluble bags.

2Although the product name is provided in Table 2-1, the USAID IVM PEA approves insecticides for use in IRS by active
ingredient(s), formulation, and concentration of active ingredient. Therefore, any new product that has a concentration of active
ingredient equal to or less than the concentration of that specific formulation does not need to undergo another USAID risk
assessment.

3 Status as of March, 2015, the most recent summary available from WHOPES.

Note: The USEPA status for all active ingredients listed above is “active” except for bendiocarb and DDT (which have a
“cancelled” status).

IMPLEMENTATION

IRS is a method for community protection, and given its mode of action, the highest possible level of
coverage (>80% of the homes) is required to achieve the maximum impact of the prevention program on
malaria transmission. Achieving this level of coverage and timely spraying in a short period of time before
the onset of the transmission season, are crucial to maximize the impact of IRS (WHO IRS Position
Statement 2000).

Indoor residual spraying can be effective in almost all of the following settings as long as certain conditions
are met:

e In unstable, epidemic-prone malaria transmission areas, IRS will prevent and control epidemics and
can be used for the elimination of local transmission of malaria

e In stable-endemic malaria areas with moderately intense but seasonal transmission, IRS can prevent
seasonal increase in transmission and reduce levels of infection prevalence and highly seasonal
morbidity and mortality

e In stable-hyperendemic areas where very intense seasonal or perennial transmission occurs, IRS, with
a higher frequency of application than in above instances, can reduce the level of transmission and
reduce levels of infection prevalence, morbidity and mortality

Indoor residual spraying has historically been most effective and most utilized in areas with seasonal malaria
transmission. However, with the availability of longer-lasting insecticides, IRS can be effective in perennial
transmission settings.
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SAFETY CONSIDERATIONS

Insecticide formulations are available as wettable powders, emulsifiable concentrates, capsule suspensions,
granules, tablets, and powders in water soluble bags, and need to be mixed prior to application. Consequently,
exposures are possible for workers during the spray preparation, actual spraying, and subsequent clean up. In
accordance with WHO health and safety regulation, all persons working on IRS must be adequately protected
against potential harm due to exposure from pesticides. All persons who may be exposed to pesticides during
handling, transportation, storage, use and cleaning of pesticide contaminated materials must wear appropriate
personal protective equipment (PPE) in accordance with the PMI IRS BMP Manual (USAID, 2015) and the
safety instruction on the product label or material safety data sheet (MSDS).

Residents can be exposed through contact with sprayed surfaces through the dermal path or inhalation upon
re-entering homes. However, prior to spraying, residents are instructed to remove and/or protect any food as
well as any dishes, utensils, etc., that are normally used for food preparation and eating. Because of this
precaution, the 2012 and current PEA update exclude ingestion of food with insecticide residues as a pathway
of exposure.

BEST MANAGEMENT PRACTICES

In 2010, USAID, under PMI, developed the first BMP Manual for IRS, which drew on four years of
experience in implementing IRS and established a uniform set of BMPs that could be used by any partner or
host country implementing IRS. The BMPs were most recently revised in 2015. The IRS BMPs are a
compilation of safety standards and practices for the handling, storage, transportation, and use of pesticides
used in IRS programs, to minimize the risk for human exposure. It is drawn largely from guidelines from

WHO and UNFAO.

The PMI IRS BMPs were developed for all categories of spray personnel, (i.e. supervisors, storekeepers,
drivers, washers, and spray operators) and for beneficiaries of the IRS program. It covers the range of
activities associated with pesticide use in IRS and is broken down into ten distinct chapters — many with
illustrative checklists — as follows:

Table 2-2. Activities Associated with Pesticide Use in IRS

Environmental Establishes a uniform approach for the environmental assessment of indoor
Assessment residual spraying activities intended to ensure compliance with USAID and
host country environmental regulations. It also describes the content
requirements of the SEA.

Worker and Resident | Provides acceptable safety standards and practices for the handling, storage,

Health and Safety transportation and use of pesticides used in IRS as part of the PMI program,
to minimize the risk for human exposure. It is drawn largely from guidelines
from UNFAO.

Pesticide Storage, Provides guidance on the management of pesticide stocks from the point that

Stock Control and they have been received in country through the various storage options and

Inventory eventually to the spray operators and their subsequent return as empty

sachets or bottles. Close scrutiny is paid to storage and commodity chain-of-
custody to avoid the inadvertent loss or leakage of pesticide stocks. In
addition, careful management of storage facilities, stock control and inventory
control will minimize the risk of migration into other sectors (e.g., agricultural
sector) or the market.

Pesticide Transport Addresses transport activities involving large quantities of pesticides carried in
motorized vehicles, typically trucks or pickup trucks, but also boats.
Frequently, because of the nature of the program, these pesticides are being
transported to remote rural areas, over poor roads, where supervision and
assistance becomes more difficult in the event of an accident.
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Spraying Techniques | Provides appropriate safety standards and practices for spraying activities and
addresses best practices for appropriate equipment, preparing the pesticide
mixture, spraying techniques and cleaning spray pump and nozzles.

Effluent Waste Addresses site considerations, standard design and construction, proper use,
Disposal and decommissioning protocols for the IRS effluent cleaning and disposal
facilities. *New feature in 2015 BMP: Introduction of mobile soak pits*

Solid Waste Disposal | Provides acceptable safety standards and practices for the storage and
disposal of solid wastes generated during IRS operations.

Spill Response Provides acceptable safety standards and practices for responding to pesticide
spills in the event of an accident.

DDT Special Provides acceptable safety standards and practices for the handling, storage,
Considerations transportation and use of DDT in IRS as part of the PMI program, to minimize
the risk of human exposure.

Water Crossing *New chapter in 2015 BMP* Provides protocol for methods that are to
be used for transporting pesticides across water.

The BMP Manual can be accessed through the following link on the PMI website:
https://www.pmi.gov/docs/default-source/default-document-library /tools-curricula/best-practices-indoor-
residual-spraving-feb-2015.pdf.

INCIDENT REPORTS

If an environmental or human health incident does occur from a result of an IRS campaign, the COR/AOR
will alert, in a timely fashion, relevant staff, including but not limited to their respective leadership and
environmental officers. It is a best practice for CORs and/or AORs of IRS projects to consult with
environmental officers and determine a protocol for incident reporting (timeline, needed documentation,
etc.).

END-OF-LIFE ISSUES

End-of-life issues for IRS refer to any activity involved in handling insecticide residuals that will not
be used in spraying. This includes wash water produced by cleaning equipment (e.g., sprayers, PPE),
wastewater from washing overalls or gloves, pesticide containers, or expired pesticides. Solid wastes
produced during spray activities include packaging, damaged PPE, or materials that become
contaminated from accidental spills or leaks. Section 5 contains mitigation measures for addressing
liquid and solid insecticide-contaminated waste.

2.2.2 LONG-LASTING INSECTICIDAL NETS
BACKGROUND

Insecticide-treated mosquito nets are a highly effective means of preventing infection and reducing malaria
transmission. Polyethylene and polyester are the most common materials used for mosquito nets given their
relative strength and durability, but polypropylene has been used in the past. Insecticide is incorporated
within the net’s polyethylene fibers during manufacture, for slow release over a sustained period of time. For
polyester nets, the resin coating process for the insecticide is intended to control the bioavailability of the
active ingredient, ensuring that surface concentrations are depleted very slowly. In both cases, the
concentration on the surface of the material may be depleted by physical contact, washing, or decomposition
in sunlight.
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To date, only pyrethroid insecticides have been recommended for use in LLINs due to the combination of
safety and repellency indicative of pyrethroids, high knock down effect, and mosquito irritancy at low
dosages. Unlike conventional insecticide-treated nets (ITNs), LLINs maintain effective levels of insecticide
for an average of 3 years’ of recommended use under field conditions, and for at least 20 standard WHO
washes in the laboratory conditions (WHO 2006). The WHO Global Malaria Program has called upon
national malaria control programs and their partners supporting conventional I'TN activities to purchase only
LLINs.

USAID Malaria Control Program’s procurement policies require that USAID only procure LLIN products
recommended by WHO. As environmental requirements are one factor of many in USAID’s LLIN
procurement policies, please refer to the following link for the full set of procurement specifications:
https://www.pmi.gov/docs/default-source/default-document-library/tools-

curricula/itn procurement specifications.pdf.

Table 2-3. Insecticides Assessed for Use in LLINs by USAID

ACTIVE INGREDIENT (Al) MA}EISEE%GE:_NE PEA IN CURRENT PRODUCT NAME(S)', ACTIVE
OR SYNERGIST, AND MG/M2 ASSESSED WHICH (INGREDIENT(S) (MG/M?), STATUS OF WHO
TREATMENT IN PEA ASSESSED AND/OR PQ RECOMMENDATION?
Alpha-cypermethrin, 100
polyester Current Interceptor G2, 100 / 200, Under review
Chlorfenapyr, polyester 200
Permethrin, polyethylene 800
Current Olyset Duo, 800 / 400, Under review
Pyriproxyfen, polyethylene 400
Alpha-cypermethrin, 225 Royal Guard, 225 / 225, Under review
polyethylene
Current Veeralin, 216/79.2, Interim
Pyriproxyfen, polyethylene 225 DuraNet Plus, x/x, Under review
Permethrin, polyethylene 800
Piperonyl butoxide, Current Olyset Plus, 800 / 400, Interim
400
polyethylene
DuraNet, 261, Recommended
. MAGNet, 26|, Recommended
AI||)ha-Pc]:ylpermethr|n, 21 Current
polyethylene MiraNet, 180, Interim
Royal Sentry, 261, Recommended
Permethrin, polyethylene 1000 2012 Olyset, 1000, Recommended
Deltamethrin, polyethylene 76 Current Panda Net 2.0, 76, Interim
Deltamethrin coated on 15 2012 PermaNet 3.0, 115/ 25 g/kg, Interim
polyester and on polyethylene

7 Depending on conditions and net material, the viable life of the net may vary.
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MAXIMUM ACTIVE

ACTIVE INGREDIENT (Al) INGREDIENT PEA IN CURRENT PRODUCT NAME(S)', ACTIVE
OR SYNERGIST, AND MG/M2 ASSESSED WHICH |[INGREDIENT(S) (MG/M?), STATUS OF WHO
TREATMENT IN PEA ASSESSED AND/OR PQ RECOMMENDATION?

roof

Piperonyl butoxide
incorporated into 25 glkg
polyethylene (roof)

DawaPlus 2.0, 80, Interim

PermaNet 2.0, 55, Recommended

Deltamethrin, polyester 80 2012
Yahe, 55.5, Interim
Yorkool, 55, Recommended
) . Interceptor, 200, Recommended
AI||)ha cypermethrin, 200 2012
polyester SafeNet, 200, Recommended

I Although the product name is provided in Table 2-3, the USAID IVM PEA calculates risk by factoring in active ingredient,
concentration of active ingredient, and material type. Therefore, any new product that has a concentration of active
ingredient equal to or less than the concentration of those specified above (and the same netting material) does not need to
undergo a USAID risk assessment.

2 Status as of April, 2016, the most recent summary available from WHOPES.

IMPLEMENTATION

The WHO calls for countries to reach and maintain universal coverage of LLINSs for all individuals living in
malaria endemic areas, with a specific target that at least 90% of households with a pregnant woman and/or
children under five years of age own at least one I'TN. Universal coverage is operationally defined as one I'TN
for every two individuals. There are two key distribution channels. Free-standing, mass distribution
campaigns are successful in rapidly and equitably achieving universal coverage. A mix of routine distribution
channels — including antenatal care clinics, expanded programs on immunization clinics, schools and/or
community-based distributions — is then needed to maintain universal coverage and address those missed by
the campaign, new entries to the population by birth or immigration, and physical deterioration of existing
nets.

While rapid scale-up of LLIN distribution in Africa represents an enormous public health achievement, it also
represents a formidable challenge for the future in ensuring that the high levels of coverage are maintained.
For example, experience has shown the communication strategies that accompany LLIN distribution are not
always effective in educating communities with regard to the importance of proper hanging, use, and
maintenance of LLINs. In addition, with a lifespan of roughly three years for the current generation of
LLINS, it is critical to set up sustainable mechanisms for their replacement.

SAFETY CONSIDERATIONS

The replacement of conventional ITNs with LLINs has had two significant impacts on the potential risks to
workers and residents. First, because the LLINs are factory treated, the exposure scenatios associated with
dipping are no longer relevant. In addition, the incorporation of insecticides into polyethylene fibers greatly
reduces the potential for exposure through direct contact. The same net characteristics that control the slow
release of insecticide also serve to reduce exposures. Nevertheless, given the amount of time in contact with
LLINs during sleeping, and the need to wash the nets periodically, resident exposures are likely and thus are
evaluated in this PEA update.
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BEST MANAGEMENT PRACTICES

As previously mentioned, there are two main kinds of LLINs — polyester nets that are resin coated with the
insecticide, and polyethylene nets where the insecticide is incorporated into the fiber. Pyrethroids bind
strongly to the fabric and even when washing with soap and water, only part of the insecticide is removed.
The nets regain efficacy (regenerate) within 24 hours of washing (up to 15 days after washing in tropical
climates), to allow time for the pesticide to recharge the surface. Some manufacturers recommend to air out
new nets for 24 hours before initial use. It is recommended to wash the net gently in soapy, cold water
without prolonged soaking, and not more than four times per year (WHO 2002). Nets should not be washed
in or near water bodies and water used for washing and rinsing the net should be disposed of in a latrine or
on the ground, away from homes and animals (WHO 2002).

END-OF-LIFE ISSUES

Nets that are no longer viable (e.g., holes are too large to mend) are often reused within the household as
curtains, eave screens, and other uses for pest control, all of which can be considered viable and safe.
However, some percentage of LLINs may be re-purposed in ways that could increase exposure to
pyrethroids, such as fishing. PMI does not consider use of LLINs for fishing an appropriate repurposing of
bed nets. The WHO has published recommendations for the safe use and disposal of expired LLINs® (WHO
2014). Section 5 contains those recommendations and summarizes the studies, literature reviews, and
discussions to date on end-of-life issues associated with LLINs.

2.3.3 LARVICIDING
BACKGROUND

Larviciding is the general term for treating standing water with different agents to prevent immature
mosquitoes in the larval and/or pupal stage from becoming adults. Larvae often are concentrated within
defined water boundaries, are immobile, and have limited ability to disperse. Most species spend the majority
of their life cycle in the larval stage where they are highly susceptible to both predation and control efforts.

Larviciding is often used in conjunction with environmental management interventions that, taken together,
reduce the surface water area available for mosquito breeding and create “kill zones” for larvae. Naturally,
knowledge of the local ecology and biology of the target species is necessary to develop a cogent control
strategy involving larviciding; the timing, dose, and method of application (e.g., air dispersal, boat delivery)
will dictate the success of the strategy. Three basic types of larvicidal agents are available as interventions:

Chemical insecticides — This category of larvicide includes active ingredients that are toxic to larvae, or
affect biological functions such as growth. Insecticide growth regulators affect the physiology of
morphogenesis, reproduction and embryogenesis of insects.

Microbial insecticides — This category of larvicide are derived from bacteria that occur naturally in soil and
aquatic systems, and produce a toxin that typically affects the gut, resulting in mortality to the larvae. The
treatment is relatively fast acting, and typically lasts only a few weeks.

Surface oils and monomolecular films — This category of larvicide acts by either physically suffocating the
larvae (surface oil slick), or reducing the surface tension of the water so that emerging adult mosquitoes
become disoriented and drown (surfactant). These compounds have very low toxicity and depend on timing
to be effective.

While the USAID Malaria Control Program is not currently procuring larvicides, it has historically only
procured larvicides recommended by WHO. Table 2-4 lists the larvicides evaluated in this PEA. Note that
potential health risks related to the biological larvicide Bacillus thuringiensis are evaluated in a descriptive
manner.

8 http://www.who.int/malaria/publications/atoz/who-recommendation-managing-old-llins-mar20 | 4.pdf
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Table 2-4. Insecticides Assessed for Use in Larviciding by USAID

CURRENT PRODUCT NAME(S)?%,
MAXIMUM ACTIVE

I
ACTIVE INGREDIENT INGREDIENT PEA IN WHICH STATUS OF
(Al) MG/M? ASSESSED ASSESSED
IN PEA WHO AND/OR PQ
RECOMMENDATION?

Diflubenzuron DT, GR, WP 10 Current Dimilin
Novaluron EC 10 Current Novaluron 10%
Pirimiphos-methyl EC 50 Current Pirimiphos-methyl 300 CS
Spinosad DT, EC, GR, SC 50 Current Spinosad
Spinosad DT 50 Current Spinosad 83.3 monolayer
Spinosad GR 40 Current Spinosad 25 extended release

riproxyfen GR 5 Current Sumilarv 0.5
Pyriproxyf
Chlorpyrifos EC 25 Current -
Fenthion EC 1.2 Current -
Temephos EC, GR 1.2 2007 Abate, ProVect
Methoprene EC 3 2007 Altosid

Bacillus thuringiensis israelensis,

strain AM5-52 (200 ITU/mg) G 1250 Current VectoBac

Bacillus thuringiensis israelensis,
strain AM65-52 (3000 ITU/mg) 46.9 Current VectoBac
WG

Bacillus thuringiensis israelensis,
strain AM65-52 + B. sphaericus
strain ABTS-1743; 50 Bsph
ITU/mg G

1250 Current VectoMax

Bacillus thuringiensis israelensis,

2
strain 266/2 (>1200 [TU/mg) SC 4 mL/m Current ;

I'DT = tablet for direct application; GR = granule; EC = emulsifiable concentrate; WG = water-dispersible granule; WP =
wettable powder.

2Although the product name is provided in Table 2-4, the USAID IVM PEA calculates risk by factoring in active ingredient,
formulation, and concentration of active ingredient. Therefore, any new product that has a concentration of active ingredient
equal to or less than the concentration of those specified above does not need to undergo a USAID risk assessment.

3 Status as of April, 2016, the most recent summary available from WHOPES.

Note: The USEPA status for all active ingredients listed above is” active” except for temephos, which was voluntarily
cancelled by the Registrant.
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IMPLEMENTATION

Surveys should be carried out to prior to larviciding to identify priority breeding sites, as these will vary
considerably depending on the species and environment. Larval habitats can be small, widely dispersed, and
transient, and it can be very difficult to predict when and where breeding sites will form, and to find and treat
them before the adults emerge. Community-based microbial larviciding interventions have shown to be
effective when planned appropriately and used in conjunction with other interventions such as I'TNs (Maheu-
Giroux and Castro, 2013). However, there are very few studies to support the efficacy of this approach in
sub-Saharan Africa. Therefore, larviciding generally is recommended only for vectors that tend to breed in
permanent or semi-permanent water bodies that can be identified and treated (i.c., few, fixed, and findable),
and where the density of the human population to be protected is sufficiently high to justify the treatment of
all breeding places at relatively short intervals. Modified sprayers can be used for effective application of
liquid or granule larvicides. The interval for re-treatment with chemical and bacterial larvicides is usually 7-10
days, but can be longer for standing clear water or with treatment at higher dosages.

SAFETY CONSIDERATIONS

Depending on the method of application, workers may be exposed during the preparation of the chemical
larvicides as well as while applying to standing water (e.g., using sprayers). Residents may be exposed via
contact and/or ingestion of waters with residuals from chemical larviciding. Microbial larvicides are classified
by the USEPA as General Use Pesticides (GUPs) and are considered safe for humans, non-target organisms,
and the environment. The toxins produced by B. sphaericus and B. thuringiensis are not activated in the human
gut, and these larvicides typically do not last more than a 1-3 weeks in the environment. Therefore, these
microbial larvicides are not considered to pose risks to humans.

Plant-based surface oils and films used in larviciding are essentially non-toxic to humans, and petroleum-
based surface oils are not recommended due to the potential toxicity of degradation products. Care should be
taken with respect to environmental impacts even for plant-based products because beneficial aquatic plants
and animals can be adversely affected through the interactions with surface biology and chemistry.

BEST MANAGEMENT PRACTICES
Chemical larvicides should be handled according to manufacturer’s safety instructions available on the MSDS.
Recommended dosages of insecticides should not be exceeded, particularly when applied to water bodies that

might be used by humans or domestic animals, or that contain wildlife of social and/or importance (WHO
2000).

END-OF-LIFE ISSUES

Given the relatively rapid breakdown of larvicides in the environment, no end-of-life issues are anticipated.

2.2.4 INSECTICIDE TREATED CLOTHING
BACKGROUND

Insecticide-treated clothing has been used for over 20 years by the military to protect soldiers from diseases
carried by insect vectors. Factory-treated clothing and treatment kits are available from a variety of vendors,
including camping outfitters, hunting and sporting goods stores, and on-line retailers. Permethrin was first
registered with the USEPA in 1990 as a repellent on clothing for the military. In 2003, it was first registered
for factory-treated clothing products that could be sold to consumers. There are a number of studies
demonstrating the efficacy of permethrin-treated clothing in preventing the transmission of disease, including
malaria (Kimani et al., 2006) and dengue (e.g., DeRaedt Banks et al., 2015).

INSECTICIDES

Permethrin is the only insecticide that is USEPA-approved for treated clothing, and is the only insecticide
under consideration by USAID for this intervention. Permethrin is a broad spectrum, non-systemic, synthetic
pyrethroid insecticide that binds well to fabric, has low volatility, and is absorbed poorly through the skin.

IMPLEMENTATION
Unlike IRS and LLINs, USAID supports the use of insecticide-treated clothing in more limited settings —
specifically, to protect migrant workers in countries in the Greater Mekong Subregion who work in forested
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areas. For best results, studies suggest that the treated clothing cover as much skin as possible; consequently,
treated long-sleeved shirts and pants are recommended (Orsborne et al., 2016). In addition to factory-treated
clothing, treatment kits and permethrin sprays are also used to treat clothing. The treatment kits typically
involve soaking in an aqueous emulsion, and are designed to produce little or no waste. Clothing is soaked in
the emulsion, and then air-dried to facilitate the adherence process to clothing fibers. Garment performance
is similar for soaking and spraying applications, as vendor claims indicate that the repellent should continue to
work up to six weeks and six washings. In contrast, factory-treated clothing can last up to 70 washings
according to some manufacturers (e.g., InsectShield).

SAFETY CONSIDERATIONS

The USEPA completed a comprehensive human health risk assessment for all registered uses in 2006 in
support of the reregistration process. In 2009, the USEPA evaluated several factory-treated exposure
scenarios, including short-term and long-term cancer risks to adults, children, and toddlers wearing
permethrin-treated clothing. The risk assessment included toddler object-to-mouth activity on factory-treated
clothing. None of the exposure scenarios that the USEPA evaluated were considered to pose significant
immediate or long-term risk to people wearing factory treated clothing because (1) the amount of permethrin
in clothing is very low, (2) the level of exposure consistent with recommended uses is low, and (3) permethrin
is pootly absorbed through the skin.

BEST MANAGEMENT PRACTICES

Clothing that is factory-treated with permethrin includes a pesticide use label, consistent with regulatory
requirements. The pesticide use label on clothing is generally attached to the outside of the clothing, and
provides directions and precautions regarding the use and washing of treated clothing. For example, although
only small amounts of permethrin in treated clothing come off in the wash, most vendors recommend
washing treated clothing separately from non-treated clothing, particularly clothing worn close to the skin
(e.g., underwear). Similarly, permethrin sprays are only recommended for outer clothing. Other BMPs for
permethrin treated clothing include

= Do not apply permethrin directly to skin

* Do not apply spray to clothing while wearing

= Apply sprays in well-ventilated areas

= Hang fabrics outdoor to dry after treating (soak or spray).

END-OF-LIFE ISSUES

It is unlikely that there will be significant end-of-life issues for permethrin-treated clothing given the relatively
low amount of permethrin in treated clothing, the level of adherence of permethrin to clothing fibers, and the
intrinsic value of clothing (treated or untreated). However, it is important to include precautionary advice for
adults/parents to be aware not to let infants (especially those teething) chew ot suck on treated clothing.

2.2.5 LONG-LASTING INSECTICIDAL HAMMOCKS

BACKGROUND

Synthetic pyrethroids (e.g., permethrin and deltamethrin) are approved for LLINs and, because of their safety
and repellency, they are also an appropriate choice for hammocks. Like permethrin-treated clothing, treated
hammocks are sold by retailers such as hunting and sporting goods stores, and can be combined with LLINs
for more complete coverage. Factory-treated hammocks have many of the same characteristics of LLINs and
permethrin-treated clothing.

INSECTICIDES
Both permethrin- and deltamethrin-treated hammocks have been included in the risk assessment conducted
under this PEA update.

IMPLEMENTATION

The most significant use for insecticide treated hammocks is personal protection against the bites of forest
malaria vectors in Southeast Asia (e.g., Thang et al., 2009, Sochantha et al., 2010). This intervention can be
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particularly effective in remote hot and humid forest areas where there are outdoor-biting vectors and
residents regularly sleep outdoors. Therefore, similar to insecticide-treated clothing, USAID has targeted
LLIHs to migrant workers whose employment requires overnight stays in forested areas.

SAFETY CONSIDERATIONS

The USEPA’s comprehensive human health risk assessment and updates conducted for permethrin-treated
clothing is applicable to treated hammocks. The treated clothing exposure scenarios should, generally, be
more protective for treated hammocks because the contact duration should be less for hammocks than for
clothing.

As with LLINs, LLIHs are factory treated, eliminating exposure scenarios associated with preparation and
dipping. In addition, the incorporation of insecticides into polyester fibers greatly reduces the potential for
exposure through direct contact. The same net characteristics that control the slow release of insecticide also
serve to reduce exposures.

BEST MANAGEMENT PRACTICES

Hammocks that are factory-treated with pyrethroids will include a pesticide use label, consistent with
regulatory requirements. The pesticide use label provides directions and precautions regarding the use and
washing of treated hammocks. As with treated clothing, treated hammocks should be washed separately from
non-treated articles.

Pyrethroids bind strongly to the polyester fabric and even when washing with soap and water, only part of the
insecticide is removed. As with nets, hammocks regain efficacy (regenerate) within 24 hours of washing (up to
15 days after washing in tropical climates), to allow time for the pesticide to recharge the surface. Best
management practices for nets should be followed for hammocks. For instance, the WHO recommends
washing the net gently in soapy, cold water without prolonged soaking, and not more than four times per year
(WHO 2002). Hammocks should not be washed in or near water bodies and water used for washing and

rinsing the hammock should be disposed of in a latrine or on the ground, away from homes and animals
(WHO 2002).

END-OF-LIFE ISSUES

Significant end-of-life issues for treated hammocks are unlikely given the relatively low amount of insecticide
in treated material.
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3.0 RISK ASSESSMENT METHODOLOGY

As discussed in Section 1.4, risk assessment is intended to support the decision-making process regarding the
safety of interventions that are currently included or proposed as part of an integrated vector management
strategy. Risk assessment methodologies should be transparent, reflect best practices across the USEPA and
WHO and, most importantly, be “fit for purpose.” Within the context of the Malaria Control Program, “fit
for purpose” means that the methodology should be intentionally conservative to scteen out active
ingredients and/or products that pose unacceptable safety risks to human health or cause significant damage
to the environment. For example, the methodology includes a “lax scenario” intended to represent situations
in which PPE is not worn, and/or BMPs ate not consistently implemented. Including both lax and guideline
scenarios ensures that the risk assessment covers the full range of field operations, and provides USAID with
the operational flexibility to develop mitigation strategies that address variability in safety compliance.

The methodology described in this section draws on the methods described in previous USAID reports on
IVM programs, the WHO’s Generic Risk Assessment Models (implemented for IRS, ITNs, and larviciding),
and guidance documents and standard operating procedures published by the USEPA. As new interventions
and formulations are introduced, USAID continues to develop methods and appropriate data to characterize
the potential for adverse effects on human health and the environment. Reports and documents that were
most influential in developing in HAARP included, for example

e Integrated Vector Management Programs for Malaria Vector Control (USAID, 2007)

e 2012 Integrated Vector Management Programs for Malaria Vector Control Programmatic
Environmental Assessment (USAID, 2012)

Standard Operating Procedures for Residential Pesticide Exposure Assessment (USEPA, 2012)
Framework for Human Health Risk Assessment to Inform Decision Making (USEPA, 2014)
Region 4 Ecological Risk Assessment Supplemental Guidance Interim Draft (USEPA, 2015)
Occupational Pesticide Handler Unit Exposure Surrogate Reference Table (USEPA, 2015)

e Risk Assessment Guidance for Superfund, Parts A-F

e WHO Generic Risk Assessment Model for IRS (2011), I'TN (2012), and Larviciding (2011)

This section is intentionally succinct to ensure that the reader will have adequate information to understand
the methodology and understand the basis for recommendations. However, the documents listed above can
be consulted for additional discussions on data sources, risk assessment theory, and the application of these
techniques as part of a broader risk management framework.

3.1 RISK ASSESSMENT FUNDAMENTALS AND THE PEA UPDATE

The fundamentals described below are not intended to serve as a primer on risk assessment; there are
numerous reports and guidance documents (see above) as well as texts and journal articles that provide much
more rigorous treatment of this topic. Instead, this discussion is intended to paint the risk assessment
landscape in terms of the approaches that were available to USAID to characterize health and environmental
risks associated with malaria vector control interventions. These fundamentals served to inform the
development of the HAARP, and provided useful criteria to ensure that the methodology was fit for purpose.
Under each fundamental sectopm, we highlight salient features of the HAARP to facilitate an understanding
of the approach, and to provide the context with which to interpret the risk assessment results.

Definition of Risk — By most definitions, risk is described as a function of severity and probability, with the
severity related to adverse effects (e.g., health endpoints such as neurotoxicity) that are considered material to
a specific decision, and the probability related to factors that determine whether adverse effects conld occur
(e.g., dermal contact with insecticide). Low severity and low probability are typically interpreted as indicators
of low risk and not of concern; conversely, high severity and moderate—high probability are considered
indicators of high risk (i.e., the risk warrants concern and is relevant to the decision).
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The severity of potential adverse effects in HAARP is represented by human health benchmarks and by
ecological screening criteria, respectively. If exposure exceeds these “reference values,” then the results are
interpreted as an increased probability that the use and application of a particular insecticide or product will
not be safe. Probability of effect, in this scheme, does not refer to a statistical probability; rather, it recognizes
that the quantitative risk estimates are indicators of potential effects.

Approaches to Assess Risk — The determination of severity and probability can be done qualitatively, semi-
quantitatively, or quantitatively depending on the goals for the assessment (e.g., the decision problem) and the
quality of the information available. Risk assessors often use a tiered framework that combines these
approaches, using qualitative information initially to frame the risk problem, and progressing from very
simple semi-quantitative techniques to more complex quantitative schemes, often involving mathematical
models. This progression supports productive interactions between the risk manager and risk assessor, and
provides information that can be used prioritize further data collection.

The HAARP begins with an assessment of a potential hazard — collecting and evaluating data on the
insecticide and intervention. Based on that review, it is determined whether or not to perform risk
calculations. For example, with respect to permethrin-treated clothing, there was sufficient information
available to determine, semi-quantitatively, that this intervention does not pose significant safety risks.

Quantifying Risk — For risk assessments that rely on some form of quantitative expression of risk,
mathematical models are required. These include statistical models typical of retrospective risk assessments,
as well as predictive, mechanistic models that use first principles to predict the future state of the system
based on known or assumed relationships. In a retrospective risk assessment, data are available with which to
quantify the relationship between risk factors and outcomes. For example, epidemiological studies on
occupational exposures to industrial chemicals can produce risk ratios based on the health outcomes
observed at specific levels of exposure. In contrast, in the absence of suitable study data, a predictive risk
assessment is conducted to “forecast” whether or not combinations of risk factors will produce adverse
effects that exceed levels of concern. Predictive risk models tend to be mechanistic in the sense that they
generally represent scientific processes to arrive at the risk forecast (rather than fitting statistical models to
existing data sets).

Epidemiological data were generally unavailable for the purposes of characterizing potential risks for most or
all exposures to insecticides considered in this PEA update. Therefore, we used predictive risk models in
HAARP to calculate potential risks to health and, for larvicides, the environment. The models quantify risk
using data on insecticides (e.g., toxicology), general information on pesticide handling (e.g., unit exposures), and
worker and resident characteristics (e.g., body weight).

Uncertainty and Variability — Naturally, with any mathematical model, there is uncertainty with respect to
the form of the equation (i.e., does the equation adequately represent the risk problem). In addition, there is
uncertainty and variability associated with the input parameter data. In virtually any risk assessment, there is
measurement uncertainty (i.e., uncertainty that cou/d be reduced by collecting more data) and there is
variability (i.e., the variance in the input parameter that can only be represented, not reduced). Probabilistic
modeling techniques can be used to better understand the impact of uncertainty and variability on the risk
estimates and, minimally, provide a more precise expression of risk based on the distribution of risk
estimates. Alternatively, deterministic models use a single value for each parameter, producing a point
estimate rather than a distribution of risk. Conservative (i.e., overstating risk) input values are typically used to
ensure that a deterministic result will not underestimate the potential risk.

Decision Context — Lastly, and sometimes overlooked, is the importance of understanding the risk
management decision in developing the risk assessment approach as well as in interpreting the results of the
risk assessment. This decision context frames the risk problem and informs the choices with respect to the
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previous criteria. In essence, the decision context answers the question “how accurate do the risk estimates
need to be to support the decision-making process?” For safety decisions, the risk manager often needs to
have high confidence that the risk results do not underestimate the actual risk, but does not need to have an
accurate expression of the risk. Put another way, the risk manager may be most interested in a plausible upper
bound of the potential risk rather than the most accurate expression of the actual risk. This approach is
typical of screening risk assessments that are designed to represent this upper bound while, at the same time,
avoiding a level of conservatism that the risk information is not meaningful.

In developing the HAARP, we recognized that the purpose of the risk assessment was to ensure that any
potentially serious safety issues were identified. However, we also recognized that methods developed by the
USEPA and WHO needed to brought into alignment, supporting efficiency, transparency, and consistency in
risk assessments of new insecticides and products. The HAARP bridges these methods by creating a
conservative approach to characterize the potential risks to human health and the environment, and providing
context needed to understand and interpret the quantitative risk results.

3.2 HUMAN HEALTH RISK ASSESSMENT

From the definition of risk presented in Section 3.1, all activities in a risk assessment can be organized around
(1) understanding the severity of an effect (i.e., how bad can the effect be), (2) estimating the probability that
the effect will occur (i.e., how likely is it), and (3) combining severity and probability into an expression of risk
(i.e., cancer risk or noncancer hazard). This organization tracks very well with the risk assessment paradigm?
developed by the WHO that consists of:

Hazard assessment — assess the hazard associated with the insecticide and insecticide-containing
products, identifying critical health endpoints of concern (e.g., neurotoxicity) and scientifically supported
health benchmarks

Exposure assessment — determine the potential for exposure to the chemical through different
exposure pathways (how the insecticide and person arrive at the same location in time and space) and
routes of exposure (how a person comes in contact with an insecticide)

Risk Characterization — use the data gathered during the Hazard Assessment and Exposure
Assessment to develop quantitative estimates of noncancer hazard and noncancer risk for each exposure
scenario for each active ingredient; interpret the quantitative and qualitative information to characterize
the risk of adverse health effects

The ability of a pesticide used in malaria vector control to elicit adverse health effects depends on the route of
exposure (i.e., ingestion, inhalation, or dermal), the frequency and duration of exposure (i.c., acute,
subchronic, or chronic) the toxicity of the insecticide (which may vary by route and duration of exposure),
and the sensitivity of the exposed individual. Nevertheless, the human health risk assessment process can be
broken down into two very basic steps. First the average daily systemic dose of an active ingredient (ai) to an
individual is calculated as a function of the

e insecticide concentration in the product/medium (e.g., mg ai/ml)
the rate of contact that person has with the insecticide per day (e.g., ml/day)
the absorption given the exposure route (e.g., inhalation - unitless)

the body weight for that receptor (e.g., kg of an average adult)

9 The WHO paradigm is consistent with USEPA risk assessment paradigm; the primary difference is that the WHO has combined Hazard
Identification and Dose Response analysis into Hazard Assessment. For the purposes of harmonization, USAID elected to use the simpler
WHO paradigm.
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Expressed mathematically, the average daily systemic dose is given by

. mg ai unit .
Concentration ( ug ) X Contact Rate (W) X Absorption

nit
Body Weight (kg)

Systemic Dose =

After the average daily systemic dose has been calculated for an insecticide, that value is compared to the
corresponding human health benchmark that represents an acceptable dose for human receptors. For
noncancer endpoints, this comparison produces a Hazard Quotient (HQ) as the risk assessment metric,
which is simply the ratio of the systemic daily dose to the health benchmark.

. mg
Systemic Dose (—kg - day)

Hazard Quotient =

Health Benchmark (k&)
g day

Hazard quotient values greater than 1 suggest some potential for adverse noncancer effects; the higher the
HQ, the greater the potential for adverse effects. Given the overall conservatism of the HAARP, HQ values
below 1 indicate a very low potential for any adverse effect.

For cancer endpoints, the calculation of average daily systemic dose is identical to the equation for noncancer
effects. However, the risk metric is the Incremental Lifetime Cancer Risk (ILCR), which is simply the product
of the systemic dose (amortized over an individual’s lifetime) and the cancer slope factor

ILCR = Systemic D ( mg )xC Slope Fact ( mg )_1
= yS emic Dose kgday ancer Ope actor kgday

The ILCR values are expressed in terms of the probability of an individual contracting cancer over the
lifetime based on exposure to a cancer-causing agent. Although different governmental agencies (domestic
and international) establish different ranges for levels of concern, a cancer risk above 1 in 10,000 is generally
regarded as unacceptable from a regulatory standpoint. Relative to this threshold, the higher the ILCR, the
more significant the potential risk of cancer.

Section 3.2.1 provides an overview of the basic steps in the WHO risk assessment paradigm. The paradigm is
described in sufficient detail to understand what information is required, how risks are quantified and
characterized, and how the information is interpreted to support risk management decisions (e.g.,
recommended mitigation strategies) for humans and the affected environment.

3.2.1 HAZARD ASSESSMENT

Severity with respect to human health is determined using toxicological and/or epidemiological data that are
used to determine how much of an insecticide a person may be exposed to without suffering significant
adverse effects. With the exception of microbial larvicides, insecticides as a class function as neurotoxicants—
their efficacy as well as many of their toxic effects in humans relate to their effects on the nervous system.
For example, organophosphate pesticides inhibit the action of the nervous system enzyme
acetylcholinesterase, and pyrethroid ester insecticides affect the flow of ions across the neuronal cell
membrane. The focus of this hazard assessment was on the identification of human health benchmarks that
can be used to quantify noncancer hazard (especially for neurological endpoints) and cancer risk for exposure
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routes and durations relevant to workers/operators and residents that are likely to come in contact with
insecticides through different interventions.

Consistent with recommendations in USEPA, 2005, and USEPA’s Registration Eligibility Documents
(REDs), health benchmarks were selected for three types of exposures

1. Acute exposures between 1 and 30 days
2. Intermediate or subchronic exposures from 30 days to 6 months, and
3. Chronic exposures greater than 6 months.

The data sources considered in selecting appropriate health benchmarks are generally consistent with
recommendations from the USEPA and the WHO. Annex E provides specific citations for each of the
benchmarks; however, the most important sources of information for health benchmarks (and toxicity

information, generally) included

USEPA’s Reregistration Eligibility Decision (RED) documents, or risk assessments documented in
the Federal Register supporting same

USEPA’s Integrated Risk Information System (IRIS)

USEPA’s Health Effects Assessment Summary Tables (HEAST) (USEPA, 1997b)

Agency for Toxic Substance and Disease Registry’s Toxicological Profiles

Material Safety Data Sheets (MSDS)

International Centre for Pesticide Safety

Hazardous Substances Data Base, and

Toxnet/PubChem/Published literature.

For chronic exposure