
ABSTRACT 

Perhaps no other issue has divided the environmental and health communities as 

much as DDT.  The re-introduction of DDT in several East African countries, as well as the 

demand for evidence-based policy, has led researchers at Duke University to develop the 

Malaria Decision Analysis Support Tool (MDAST).  One facet of the MDAST is to assess 

the economic, environmental, and human health risks associated with alternative strategies 

for managing malaria.  In this pilot survey and elicitation, risks are assessed for the two most 

commonly used vector control strategies – indoor residual spraying and insecticide-treated 

bednets – in Uganda, Tanzania, and Kenya.  The elicitation encompasses a broad range of 

hazard pathways and risks, including harm to nontarget species, agricultural trade 

restrictions, and vector resistance, some of which are frequently neglected in the policy 

debate. 

Preliminary results from the survey indicate that decision-makers are highly 

concerned with the emergence of vector resistance from ITNs, IRS with DDT, and IRS with 

ICON.  High levels of concern were present for all additional risks associated with DDT, 

including human health impacts, environmental impacts, and trade restrictions.  Results from 

the elicitation revealed that experts assessing harm to nontarget species and the potential for 

trade restrictions attributed the highest level of risk to mismanagement of DDT and ICON.  

Results from the elicitation for vector resistance were even more alarming; the expert 

assessed high risks of the potential for vector resistance to occur from all pathways 

associated with permethrin-treated bednets and IRS with DDT.  Again, high risks were 

attributed to mismanagement of DDT and ICON, indicating that mismanagement of 

insecticides is the riskiest pathway of exposure.
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“What a paradox! Man with his incredible machines and his streamlined science, stricken 

each year in millions because he fails to outwit a mosquito carrying death in its spittle” (1, 

p.233).  

INTRODUCTION 

In September, 2006, the World Health Organization (WHO), responding to the 

increase in malarial incidence in Africa, shocked scores of environmental and human health 

advocates by formally endorsing the use of dichloro-diphenyl-trichloroethane (DDT) as a 

vector control strategy, representing a significant policy change for the WHO (2).  DDT is 

now being considered for reintroduction in several East African countries.  In addition, 

Uganda’s National Environmental Management Authority (3) recently issued an 

Environmental Protection Agency equivalent finding of no significant impact with regards to 

the environmental and human health impacts of DDT1. 

In light of these recent events, decision-makers in East Africa have expressed the 

need for evidence-based policies and decision-making structures in order to choose between 

various malaria control strategies.2  Decision analysis, a structured approach to making 

choices that allows for systematic evaluation of the effects of alternative actions amid 

uncertainty (4), is well suited for this situation.  Clemen and Reily describe four sources of 

difficulty in decision-making: the complexity of the problem, the inherent uncertainty in the 

situation, the demand to meet multiple objectives, and the range of conclusions from 

different perspectives (5).  Constrained by resource allocation for malaria control programs, 

decision-makers are further challenged by the complexity of malaria, including system 

dynamics of transmission and ecological variation; uncertainty in parasite resistance and 

climate change’s impact on the spread of malaria; multiple and often times conflicting 

objectives, such as reductions in mortality, environmental degradation, and control costs; 

and different outcomes arrived at by experts in the disciplines of health, ecology, 

entomology, agriculture, and trade. 

The Malaria Decision Analysis Support Tool (MDAST) provides a framework for 

making these tough decisions.  The MDAST is a comprehensive conceptual framework and 

methodology for assessing health, social, and environmental risks and benefits associated 

                                                 
1 The environmental impact assessment for Uganda included risks associated with use of DDT to humans, 
the environment, and agricultural export trade. 
2 Personal communication with Dr. Randy Kramer. 
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with alternative strategies for managing vector borne diseases (6).  The MDAST is capable of 

aiding district-level decision makers in determining where resources are best allocated given 

the trade-offs associated with each control and prevention method.  Figure 1 illustrates a 

preliminary version of MDAST.  Green nodes indicate general variables, quantities the 

decision maker cannot directly affect, whereas blue nodes depict objective variables, 

quantities that evaluate the relative desirability of outcomes of combinations of decision 

variables (7).   

 

Figure 1. Malaria Decision Analysis Support Tool  
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SOURCE: Kramer RA, Dickinson KL, Anderson RL, Fowler VG, Miranda ML, Mutero CM, 
Saterson KA, Wiener JB. Using decision analysis to improve malaria control policy making. Working 
Paper, 2007. 

 
 
PURPOSE/OBJECTIVES 

 
The following Masters Project is being conducted as one facet of the MDAST 

project.  Specifically, I will assess the economic, environmental, and human health risks 

associated with indoor residual spraying (IRS) and insecticide-treated bednets (ITNs), the 

most common malaria vector control strategies.  I will limit the scope of the project to 

include impacts in three East African countries – Uganda, Tanzania, and Kenya – consistent 

with the scope of the malaria study team.  The objectives are threefold: first, to define the 

risks; second, to define the pathways through which these risks occur; and third, to have 

experts assess combinations or these risks and pathways. 
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BACKGROUND 

 
Malaria Vector Control: A Case Study of the Risk Tradeoff Phenomenon  
 

The story of malaria and DDT embodies a classic risk-risk situation, where 

“combating the ‘target risk’ (malaria) can unintentionally foster increases in ‘countervailing 

risks’ (environmental and human health impacts)” (comments in parenthesis added) (8, p.1).  

Worldwide, malaria infects 300 to 500 million individuals annually, causing an estimated one 

to two million childhood deaths every year, translating to 1 death every thirty seconds (9).  

Malaria disproportionately impacts susceptible populations, particularly children under 5 

years of age and pregnant women.  Although indoor residual spraying (IRS) with DDT is 

considered an essential element in successful malaria control programs (10), its use is 

accompanied by human and ecological health risks, albeit such risks are highly contentious 

and confounded by discordant scientific studies.  There are thus risks associated with 

spraying versus not spraying, as well as risks associated with alternatives to spraying.   

Decision-makers in African countries, as well as officers from donor agencies, must 

carefully weigh such risks, comparing both likelihoods and severities, in order to choose a 

vector control strategy.  Further complicating matters is the normative aspect of making 

such a decision; the strategy of choice might change depending on whether decision-makers’ 

ultimate concern is human health, the environment itself, or the environment as it impacts 

human health.  J. Danley reflects that “regardless of one’s vision of moral lives in a moral 

community, deep rifts over the critical issues of risk, risk trade-offs, and safety will continue 

to divide honorable, reasonable, and well-intended moral agents” (11, p.145).  He adds that 

nearly every attempt to reduce risk shifts either the nature of the risk and/or the population 

exposed (11).  

There are a host of factors relevant in weighing risks, including 1) the magnitude of 

risk; 2) size of the population exposed (population attributable risk); 3) certainty in risk 

estimates; 4) types of adverse outcomes; 5) distributional considerations; and 6) timing (8).  

All factors are present in and confound the decision to choose a malaria vector control 

strategy.  For example, the types of adverse outcomes associated with insecticide usage are 

diverse, ranging from toxicity to human and non-human species to agricultural export 

concerns.  While these risks appear incommensurate, J. Graham and J. Wiener argue they are 

not so; that “it is only our methodological inability to compare” such risks (8, p.33).  In 
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addition, discussions of risks from insecticide usage raise questions of who incurs the risk 

(again, adding a normative dimension) and timing.  Finally, some policymakers argue that 

insecticides, specifically referencing DDT, are a short-term solution and fail to account for 

long-term hazards (12). 

 
Malaria Prevention and Control Strategies   

 

Malaria prevention and control strategies are classified by measures designed to 1) 

prevent human-vector contact, 2) reduce or prevent the breeding of mosquitoes, 3) destroy 

the mosquito population (both adults and larvae), and 4) eliminate the malaria parasites in 

the human host (13).  The scope of this risk assessment is limited to IRS and ITNs, the two 

most common vector control strategies employed in East Africa, although it is worth noting 

that other important strategies include improved case management, increasing access to anti-

malarial drugs, larviciding with Bti, and environmental management. 

 
 
Indoor Residual Spraying 

 

Indoor residual spraying, the most frequently used method of chemical application, 

has had a “distinguished history in malaria control since the 1940s” (9, p.17).  IRS protects 

individuals from the bite of an infected mosquito by both repelling mosquitoes from 

entering houses and killing female mosquitoes resting on indoor surfaces after having taken a 

blood meal.  As such, IRS is most effective against mosquito species that are endophillic 

(indoor-resting) (9).  For the scope of this report, insecticides used in spraying will be limited 

to DDT and lambda-cyhalothrin (ICON), currently in consideration for or in use of in 

Uganda, Tanzania, and Kenya (14-16). 

DDT, a member of the organochlorine family, has historically been the most 

commonly used and studied insecticide used in IRS.  Its advantages are well-established and 

include its relatively low toxicity (its predecessor, Paris green, was arsenic-based) and ability 

to persist for longer periods of time, allowing annual sprays rather than treatment every 3 to 

6 months.  Lambda-cyhalothrin is a synthetic pyrethroid insecticide of the organophosphate 

family (17).  Pyrethrums and pyrethroids (their synthetic relative) were actually used before 

DDT as the primary insecticide in IRS.  Pyrethrums are nerve poisons that quickly kill adult 

insects and demonstrate effective repellant effects (18).  However, their greatest drawback – 
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and the reason that DDT replaced pyrethrums – was their short-lived chemical potency as 

compared with DDT. 

 
Insecticide Treated Nets  
 

Nets were used as early as 484 BC to protect Egyptians from insect bites (18).  They 

regained popularity in the 1980s when funding for DDT was cut because of the spread of 

vector resistance, environmental concerns, and the lack of infrastructure and management to 

spray insecticides in many parts of Africa.  Insecticide treated nets3, similar to IRS, aim to 

protect individuals against the bite of infected mosquitoes by preventing mosquitoes from 

biting and killing those that attempt to do so (9).  There is a growing body of evidence that 

ITNs also yield a protective community-wide effect (known as a “mass effect”) by 

decreasing the overall transmission rate of the malaria parasite (19). 

The most common insecticides used to treat ITNs include deltamethrin, lambda-

cyhalothrin, and permethrin, all members of the pyrethroid family.  I will focus on the latter 

for the purpose of this report, as it is the most commonly used insecticide. 

 

Ecological and Human Health Impacts of Vector Control Strategies  
 

The literature on risks to ecological and human health components of vector control 

strategies reaches little consensus.  Particularly controversial are the risks associated with the 

spraying of DDT.  For example, although a cost-benefit analysis conducted in the Uganda 

environmental impact assessment (EIA) concluded that the risks of DDT are outweighed by 

its benefits, it concedes that there are indeed potential risks associated with its use, including 

vector resistance and financial loss from DDT residues in organic produce, trade restrictions, 

and declines in ecotourism (see Table 1).   

 

 

 

 

 

                                                 
3 While use of untreated nets remains common practice in some areas, I will limit discussion to nets treated 
with insecticides.  I will also primarily focus on ITNs as opposed to long-lasting insecticide-treated bednets 
(LLIN). 



   8
 

 

Table 1. Possible impacts of use of DDT in Uganda as reported in the NEMA EIA 
Issue Current Situation Use DDT Use Alternatives 
Malaria deaths Continue to increase Likely to decrease Moderately 

controlled 
Cost Moderate Lowest Highest 
Malaria prevalence Continue to increase Controlled Uncertain 
Resistance Resistance to drugs 

Increase in malaria 
Resistance to DDT 
Increase in mosquito 
populations 

Likely to decrease 
But also resistance to 
alternatives can 
occur 

Organic produce No contamination DDT residues 
Loss of income 

No contamination 

Trade Not affected Might decrease 
Ban likely 

No effect 

Ecotourism Not affected Might decrease 
Loss of income  

No effect 

Sustainability Unsustainable (high 
drug prices and 
increased deaths) 

Unsustainable 
(donor dependency) 

Unsustainable – high 
costs 

SOURCE: Adapted from National Environment Management Authority of Uganda. 2006. 
Environmental Impact Assessment for Use of DDT: National Environment Management Authority 
of Uganda. 

 

Further complicating the issue lay the various pathways of exposure to insecticides.  

When multiple pathways of exposure are present and resultant consequences vary, use of a 

quantitative risk assessment (QRA) is often employed.  The three underlying questions of a 

QRA are (20): 

1. What can go wrong (accidents or sequences)? 

2. What is the likelihood of this happening? 

3. What are the consequences if it does happen?  

 
Pathways of Exposure 
 

In order to determine the potential accidents associated with IRS and/or ITNs, it is 

necessary to determine the pathways of exposure.  There are two pathways relevant to both 

ITNs and IRS.  The first pathway, mismanagement of insecticides, includes several 

components.  Insecticides can enter the environment and consequently lead to exposure 

among humans and nontarget species via reuse of pesticide containers for drinking water or 

food and mishandling or inappropriate storage of pesticide containers (21).  Improper 
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disposal of pesticide residuals, including “discarding pesticides, washing spray equipment, or 

rinsing empty pesticide containers” (22, p.4) can lead to contamination of streams, surface 

waters, and soils.  In the Uganda EIA for DDT use, district leaders reiterate fears that 

insecticides might enter the environment from any one or combination of the following: 

leakage from storage depots, transportation trucks, poorly-maintained spray equipment, 

thefts of DDT, and poor management of spray operations (3).   

A second pathway of exposure common to both IRS and ITNs is the threat of 

diversion of insecticides to the agricultural sector.  In fact, the United States Agency for 

International Development (USAID) argues that this pathway poses the biggest danger of 

environmental contamination from IRS with DDT (21).   

The amount of pesticide leakage into the environment from any of the pathways 

could potentially be mitigated by observance of best practices management such as strict 

supervision, proper education, and a reliable insecticide tracking system (21).  However, the 

decentralization of medical services in eastern African counties leads to the concern that 

districts “do not have human resources to conduct control, application, and disposal 

correctly” (23, p.17). 

 
IRS-Specific Pathways 
 

Indoor residual spraying in the context of malaria control is vastly different from 

insecticide spraying in the context of agricultural applications.  Spraying for malaria control is 

less intensive, less frequent, and more contained (24).  The suggested applications of DDT 

and lambda-cyhalothrin are 1 – 2 g/m2 every six months and 0.020 – 0.030 g/m2 every 2 – 4 

months, respectively (25).  One estimate predicts that it would take as much DDT as 

spraying all the high-risk houses in a country the size of Great Britain to equal the amount of 

insecticides sprayed in a single field (10). 

Although the environmental effects of insecticides in agricultural use have been 

studied at great length, and human health effects to a smaller degree, even less is known 

regarding the environmental and human health effects of insecticides used in indoor 

applications.  There persists an assumption that the application of DDT indoors contributes 

a negligent amount of DDT to the environment (26).  However, preliminary research 

indicates that insecticides from IRS applications are not entirely contained within the 

confines of the sprayed area (26). 
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In 1999, the World Wildlife Fund (WWF) commissioned the development of a mass 

balance model to explore the potential for IRS to contribute to environmental 

contamination (27).  The model, which relied on the concept of fugacity4, provided an 

estimation of the fate of DDT six months after a single indoor application of 670 grams at 

the rate of 2 g/m2.  Both point estimates and ranges were considered.  The model predicted 

that 60 – 82% (400 – 550 grams) of DDT is physically removed from the walls and 

transferred outdoors, whether by flaking off of walls and/or being swept outdoors; 18 – 

40% (120 – 270 grams) remained on the walls; and a small percentage was absorbed into the 

bodies of residents and food left out during application, as well as lost to evaporation. 

Unfortunately, there are no data to validate this particular model.   

One field study, comparing the ecological effects of DDT for malaria vector  

control, yielded significantly higher levels of DDT in the control area (no DDT use) than in 

the district that had sprayed one application of 6.5MT DDT indoors (3.68 ± 0.74 versus 

270.5 ± 34.3 µg/kg) (28).  Results thus provide initial evidence for the WWF assertion that 

insecticides sprayed indoors leak to the outdoor environment.  Levels of DDT in 

groundwater were not statistically different between the control area and the area sprayed 

with DDT. 

 

ITN-Specific Pathways 
 

The environmental dangers of ITNs arise primarily from washing of insecticide-

treated nets and improper disposal of remaining insecticide solution (29).  USAID based its 

2002 programmatic evaluation of the safety of insecticide-treated materials (29) on a 

comprehensive literature review by Briggs (30) and a WHO-commissioned computer 

modeling analysis by Calamari (31).  Briggs concluded that (1) there are short-lived potential 

aquatic environmental impacts, and (2) aquatic effects are unlikely to be toxic to nontarget 

organisms unless large numbers of nets are washed in water bodies simultaneously (29).   

Calamari confirmed Briggs’ results in a computer simulation measuring toxicity to 

aquatic systems (e.g., fish kills) with different scenarios (e.g., 300 versus 30 nets in one 

community washed at once).  He modeled the WHO recommended dose of 200-500 mg of 

permethrin per square meter of netting (25).  Calamari used an Exposure Toxicity Ratio 

                                                 
4 Fugacity is the tendency of chemicals to move from one phase to another or from one site to another. 
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(ETR), defined as the exposure level at and above which adverse effects might be expected, 

as a risk threshold. Because of the uncertainty inherent in the modeling scheme, the study 

concluded that the risk thresholds could only be “indicative” of true values (29, p.36).  

However, a relative ranking of risk thresholds placed permethrin as the most toxic 

insecticide (always exceeding the risk threshold) and deltamethrin and lambda-cyhalothrin as 

the least toxic insecticide (rarely exceeding the risk threshold).  USAID states that “the 

results would seem at minimum to argue against the use of permethrin, if that can be 

avoided” (29, p.37), but also warns of uncertainty in the evaluation based on the following 

factors: the number of nets washed in a body of water, variability in the amount of 

insecticide lost in washing5, risk estimates for various insecticides, and timeframe in which 

toxicity is assessed.   

 
Consequences  

 

There are numerous unintended consequences from application of insecticides, 

regardless of pathway of exposure.  Potential ecological indicators include surface and 

ground water contamination, increased atmospheric and sediment concentrations, pesticide 

drift, insecticide resistance, bioaccumulation, disruption of predator and pathogen controls, 

and reductions in biodiversity.  The range of human health indicators encompasses chronic 

effects, including reproductive disorders (e.g., miscarriages, birth defects, and infertility), 

neurological diseases, suppressed immunological functions, and cancer, as well as acute 

effects such as nausea, vomiting, diarrhea, and skin rashes.  In order to limit the range of 

ecological and human health consequences to an extensive but reasonable list, a hierarchy of 

fundamental objectives6 was created (see Figure 2); this exercise is the suggested first step in 

conducting any decision analysis.  The endpoints in the hierarchy are chosen because they 

are crucial in and of themselves. 

The fundamental objectives were then used to choose assessment endpoints, 

expressions of attributes to be protected that are relevant to management goals (32).  The 

key to developing such a list is to identify indicators that are “believed to indicate the actual 

                                                 
5 Both studies estimate 50% insecticide loss in the first wash and 2-20% loss in subsequent washed. 
6 A fundamental objective is different from a means objective in that the former is important in and of 
itself, whereas the latter is important because it leads to attainment of a fundamental objective (5). 
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environment value that is to be protected” (33, p.217).  The consequences of interest are 

expounded upon below. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Harm to nontarget species  
 

The potential harm posed by DDT, lambda-cyhalothrin, and permethrin to 

nontarget organisms is illustrated in the right-hand side of Table 2.  For the scope of this 

Masters Project, harm is defined as both toxicity and bioaccumulation.  Both forms of harm 

are important to capture because of their impacts, including disruption to pollination and 

mortality of predatory pest species, soil microorganisms, and, when bioaccumulation occurs, 

fish and wildlife (34). 

DDT is highly persistent in the environment, with a reported half life of between 2-

15 years.  As Table 2 illustrates, it is highly toxic to fish and other aquatic invertebrate 

species and moderately to slightly toxic to mammalian species (35).  DDT and its 

metabolites are highly persistent and bioaccummulate in the environment due to 

volatilization, sedimentation, and photodegradation (36).  Low levels of DDT can 

concentrate in the environment because of its ability to move across media (37).  DDT 

preferentially binds to soil, where it can remain up to 15 years (36); as a result, little DDT is 
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& toxicity to 
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Figure 2. Fundamental objectives of the environmental quality node 
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leached into groundwater or lower soil layers (37).  DDT and related chlorinated pesticides 

are noted for their deleterious impact on nontarget species (38). 

Lambda-cyhalothrin is highly toxic to many mammals, fish and other aquatic 

invertebrate species, and bees (39).  Lambda-cyhalothrin is fairly immobile and moderately 

persistent in the soil environment, with a half-life of 4 – 12 weeks (29).  Because it remains 

tightly bound to soil and has extremely low water solubility, lambda-cyhalothrin is not 

expected to be prevalent in surface or groundwater, similar to the fate of DDT (29). 

Permethrin is extremely toxic to bees, fish (due mainly to the sensitivity of their 

nervous system), and wildlife, yet of low toxicity to birds (17).  Permethrin has been 

demonstrated to bioaccumulate in bodies of fish.(40)  Because permethrin binds very 

strongly to soil particles with a half-life of 30-38 days, is nearly insoluble in water, and is 

degraded quickly by sunlight, it is not expected to contaminate groundwater through 

leaching (17).    

 

Table 2. Toxicity of select insecticides to nontarget organisms  

Insecticide Mammal Bird Fish Other 
Aquatic

Bee Persistence Bio-
accumuate1

DDT  2      

Lambda-
cyhalothrin 

       

Permethrin        
1Bioaccumulation in the environment, not in mammalian bodies. 
2Low toxicity, but high chronic or bioaccumulation affect on raptors and pelicans. 

  Key   

  High Toxicity    

  Medium to High Toxicity    

  Medium Toxicity    

  Low to Medium Toxicity    

  Low Toxicity    

  No Available Information    
SOURCE: Adapted from United States Agency for International Development, 2002, 
Programmatic environmental assessment for insecticide-treated materials in USAID activities in 
sub-Saharan Africa; Extension Toxicology Network, 2006, Pesticide information profile for 
Permethrin; and World Health Organization, 1990, Environmental health criteria 94: Permethrin. 
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2. Vector resistance   
 

Insecticide resistance has complicated malaria control efforts in Africa since the 

1960s, as evidenced by early reports in scientific journals (41).  Resistance occurs when 

elevated levels of oxidases incur increased rates of detoxification (42).  Compounding 

insecticide resistance is the emergence of a second mechanism of resistance, knockdown 

resistance (kdr), in which target sites for insecticide compounds become insensitive due to 

mutations in sodium channels (42).  Presence of kdr is associated with very high levels of 

resistance to pyrethroids (43) and has been confirmed in both Kenya and Uganda (44).  

Insecticide resistance is dependent on ecological and operational factors (45).  Such factors 

include the density of mosquitoes in a particular area and the existence of formal resistance 

surveillance and prevention measures. 

The African Network for Vector Resistance (ANVR), in partnership with WHO, 

recently issued an atlas of insecticide resistance based on 196 testing sites in 24 African 

countries (46). Although the majority of surveyed locations were in western Africa, there 

were approximately 22 sites in eastern Africa clustered in Zimbabwe and Uganda.  Table 3 

highlights the extent of insecticide resistance in selected areas of Africa, although it is 

important to note that (1)  the major cause of resistance is presumed to be from widespread 

agricultural application (45), and (2) the most alarming levels of resistance are found in 

vector populations in southern and western Africa (41).  For the scope of this report, 

resistance concerns will be limited to Anopheles Gambiae, the primary malaria vector in East 

Africa. 

Table 3: Insecticide resistance among malaria vector mosquitoes, in select 
African countries, 2004  
An. gambiae DDT 

Dieldrin 
Pyrethroids 

Zanzibar 
Kenya and Madagascar 
Kenya and Zambia 

An. arabiensis DDT 
Dieldrin 
Organophosphates 

Sudan, Ethiopia, Zanzibar 
Sudan, Ethiopia, Kenya, Madagascar 
Zimbabwe, Sudan 

An. funestus Dieldrin 
Pyrethroids 
Carbamates 

Kenya 
Mozambique 
Mozambique 

SOURCE: Adapted from Coetzee M. 2004. Malaria and dengue vector biology and control in 
Southern and Eastern Africa. In: Proceedings of the joint WHO/TDR, NIAID, IAEA and 
Frontis Workshop on Bridging Laboratory and Field Research for Genetic Control of Disease 
Vectors (Knols BGJ, Louis C, eds):Springer Science, 101-109. 
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As Table 4 shows, the majority of the eastern African testing sites found An. gambiae 

resistance to DDT, while less, albeit widespread resistance to pyrethroids.  However, the 

Multilateral Initiative on Malaria (MIM) notes that no resistance to pyrethroids has been 

detected among An. gambiae in Tanzania, even in areas where pyrethroids are used in 

agricultural application (41).  Resistance to lambda-cyhalothrin was lower than that of 

permethrin. 

 

Table 4. An. gambiae resistance to DDT and pyrethroids in all surveyed 
locations in Africa 
 Number 

of tests 
Proportion of tests 
showing confirmed 

resistance 

Proportion of tests 
showing high level 

resistance 
DDT 87 64.4% 23% 
Pyrethroids    
    Permethrin 138 49.3% 11.6% 
    Lambda-cyhalothrin 45 26.7% 0% 
SOURCE: Adapted from World Health Organization and African Network for Vector 
Resistance. 2005. Atlas of insecticide resistance in malaria vectors of the WHO African region. 

 

Based on the fundamental objectives of this Masters Project, vector resistance is 

important to measure because it leads to decreased insecticide efficacy and therefore poses 

increased risks to human health.  The ANVR report addresses this connection by assessing 

the operational impacts of insecticide resistance on IRS and ITN efficacy.  The efficacy of 

IRS is significantly reduced by resistance.  Furthermore, although scarce information exists 

on the potential impact of the kdr mutation on IRS with DDT and pyrethroids, there is “fear 

that kdr resistance might reduce efficacy since it relies largely on mass killing of vectors” (46 

p.8).  This fear has led some to expect a priori a reduction in efficacy due to the kdr mutation 

(46).  

Because pyrethroids are the only class of insecticide currently approved for treatment 

of bednets, the occurrence of pyrethroid-resistant Anopheles could prove disastrous to the 

efficacy of ITNs (43).  While the efficacy of pyrethroid-treated bednets does not appear to 

be affected by the kdr mutation, the impact of resistance other than kdr “has not yet been 

fully assessed” (46, p.8).  One study found that ITNs remained effective in a pyrethroid-

resistant area (45).  However, these results are contradicted by a recent study conduced in 

Benin demonstrating that the efficacy of pyrethroids (both applied to nets and used in 
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spraying) is compromised by pyrethroid resistance (47).  Only 19% of mosquitoes in contact 

with ITNs and 22% in contact with sprayed surfaces were killed (47). 

 

3. Trade restrictions 
 

There are also concerns with respect to the impacts of insecticide usage, particularly 

spraying with DDT, on trade restrictions stemming from crop contamination.  WHO 

adamantly argues that “there is…no justification for preventing the use of DDT for IRS based 

solely on the fear of contamination of agricultural products, provided a clear national policy 

and adequate safeguards for storage, transport and disposal are in place and there is 

adherence to WHO recommendations” (emphasis added) (48, p.7). 

The claim that DDT’s potential impacts on exports are negligible is not universally 

held.  The Uganda EIA itself expresses concerns by the Uganda Flower Exporters 

Association and the Fish Processors and Exporters Association, who urge decision-makers 

to consider alternatives such as ICON and strongly assert that DDT will leak into the 

agricultural sector (3).  In opposition to WHO’s statement, the EIA notes that “people in the 

rural areas of the country store food for consumption and for seeds/for sale in their houses 

and these may be contaminated during the spraying so fear about the leakage of DDT into 

the food chain may be justified” (emphasis added) (3, p.94).  However, based on an economic 

analysis contained within the EIA weighing the costs of insecticides and potential trade 

restrictions against the benefit of DDT (the avoided cost of treatment for children infected 

with the malaria parasite), the benefits of using DDT outweighed its costs. 

   Two researchers posit that the cost-benefit analysis presented in the EIA is “flawed, 

misleading, and unfortunate” (49).  Nearly all countries where these exports are sold have 

strict guidelines on insecticide residues; in most cases, any trace of DDT contamination will 

lead to an immediate import ban of the product (49).  For example, the European Union 

(EU) – the main trading partner for most African countries – has maximum residue levels 

for DDT of nearly zero for all imports (12).    

Horticulture and fish constitute the main exports of Uganda, Tanzania, and Kenya; 

the Food and Agricultural Organization of the United Nations estimates that the top 20 

agricultural exports alone generated $305M (Uganda), $419M (Tanzania), and $943M 

(Kenya) in 2004 (Table 5) and that exports of fisheries generated $31M, $58M, and $39M in 

2000 (50). The WWF notes that illegal diversion of DDT to the agricultural sector has 
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indeed occurred in both Tanzania and Kenya, and that exports of agricultural commodities 

in these countries have been rejected as a result (27).  Estimates of the severity of potential 

loss from trade bans range from $350M (3) to $500M (49) a year in foreign exchange 

earnings.  

Risks from introduction of DDT also include loss of revenue from organic produce. 

Eastern Africa, particularly Uganda, leads Africa in exports of certified organic products (51).  

In 2003, Uganda generated $7.7M, nearly twice the amount generated in 2001, from organic 

exports (52).  The recent increase in the market of organic exports led several organizations, 

including the East African Business Council, United Nations Conference on Trade and 

Development, and the United Nations Environment Program to develop the newly 

promulgated East African Organic Standards (EAOS).  The EAOS is expected to further 

boost the organic trade market. 

 

Table 5. Value of agricultural exports in select Eastern African countries, 2004 
Uganda Tanzania Kenya 

Commodity Value1 Commodity Value1 Commodity Value1 
Coffee, green 123,878 Cashew nuts 66,303 Tea 463,726 
Tobacco leaves 40,685 Tobacco leaves 60,813 Coffee, green 87,771 
Tea 37,256 Cotton lint 50,343 Beans, green 85,238 
Cotton combed 31,526 Coffee, green 49,434 Vegetables fresh 59,089 
Maize 10,435 Wheat 35,316 Pineapples, canned 40,831 
Cotton linter 8,147 Tea 30,116 Cigarettes 26,685 
Cocoa beans 6,801 Cotton combed 23,179 Sugar confectionery 25,363 
Flour of maize 6,765 Sesame seed 18,002 Oil of palm 24,856 
Cotton lint 6,742 Flour of wheat 15,582 Vegetables prepared 21,152 
Vanilla 6,119 Cloves 10,212 Nuts 18,610 
Beans, dry 4,097 Maize 8,149 Sisal 14,149 
Oils hydrogenated 4,049 Sugar refined 8,054 Pyrethrum extract 11,918 
Peas, dry 3,238 Chick-peas 7,393 Hides 11,119 
Sesame sees 2,788 Sisal 6,997 Tobacco leaves 10,535 
Hides 2,655 Cocoa beans 6,833 Fruit, tropical fresh 9,621 
Pastry 2,373 Peas, dry 5,677 Chocolate products 6,710 
Oil of palm 2,282 Cigarettes 4,999 Fat preparations 6,544 
Flour of cereals 2,055 Beans, dry 4,110 Extract tea, mate 6,336 
Beer of barley 1,927 Hides 3,968 Margarine 6,319 
Skins, goats 1,673 Peas, green 3,277 Peas, green 5,993 
Total 305,491 Total 418,757 Total 942,565 
1All values are represented in (1000$US). 
SOURCE: Data compiled from Food and Agricultural Organization of the United Nations, 
TradeSTAT (detailed trade data). Available at http://faostat.fao.org. 
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4. Harm to human health 
 

The human health risks of insecticides are, arguably, the most difficult effects to 

characterize.  There are multiple routes of exposure (inhalation, oral, and dermal), health 

effects (neurological, reproductive, developmental, and carcinogenic), and exposure periods 

(acute and chronic) (53).  The risks are further complicated by the frequency and duration of 

exposure and the susceptibility of exposed individuals. 

There are two major classification systems for the health effects of the insecticides 

under study.  WHO lists DDT, lambda-cyhalothrin, and permethrin as Class II (moderately 

hazardous) chemicals.  Class II chemicals have lethal doses at 50% (LD50) for oral solids and 

liquids of 50 – 500 and 200 – 2000 mg/kg and dermal solids and liquids of 100 – 1000 and 

400 – 4000 mg/kg, respectively (54).  The International Agency for Research on Cancer 

(IARC) lists DDT as “possibly carcinogenic to humans” (Class 2B) and permethrin as “not 

classifiable as to carcinogenity to humans” (Class 3) (55).   

The human health effects of DDT are controversial.  Acute effects from any route 

of exposure include nausea, diarrhea, numbness, and irritation of eyes and nose (37).  

Although the IARC classifies DDT as a possible carcinogen, to date, large epidemiological 

studies have failed to demonstrate an association between DDT and breast cancer, the most 

extensively studied affect tissue (56).  While ingestion is the primary route of exposure when 

used in agricultural applications, inhalation is considered to be more significant in the 

context of IRS.  The Agency for Toxic Substances and Disease Registry (ATSDR) found no 

studies in which exposure to DDT, or its derivatives DDE and DDE, were associated with 

cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal or dermal 

effects in humans or animals after inhalation (37).  

However, few studies have measured the effects of DDT as used in IRS.  Recent 

data indicate that some of the highest concentrations of DDT residues in humans are found 

in areas where DDT is a vector control measure, although it cannot be determined whether 

there is unauthorized agricultural application as well (27).  Other researchers posit that, “with 

the evidence now in, DDT can be regarded neither as a proven danger…nor as an assuredly 

safe pesticide” (58, p.471 in 11).  Finally, there is a growing body of evidence that DDT and 

its derivatives are responsible for reproductive disorders; a 2001 study found a significant 

dose-response effect of DDT on preterm birth and an overall effect on small-for-gestational 

age (59).   
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Lambda-cyhalothrin has acute effects similar to DDT.  A recent report noted that no 

studies were located in which cardiovascular, gastrointestinal, musculoskeletal, renal, 

endocrine, or dermal effects were associated with inhalation, oral, or dermal exposure of 

humans or animals to pyrethroids (53).  One research trial concluded that ICON should 

pose no risk to the health of individuals because absorption was low (only a small proportion 

of villagers had detectable levels of lambda-cyhalothrin in their urine) (60). 

Individuals are at risk of exposure to ITN insecticides through the oral, dermal and 

inhalation routes (29).  Acute effects of permethrin exposure include headaches, dizziness, 

fatigue, and diarrhea; however, all of these symptoms are reversible within a day (53).  The 

EPA classifies permethrin as “likely to be carcinogenic to humans” by the oral route (61).  

Although adults and youths exposed to an environment treated with permethrin were below 

the EPA’s Level of Concern (LOC) for non-cancer risk estimates, toddlers exposed to 

permethrin-treated carpets exceeded the EPA’s LOC.  Permethrin shows no teratogenic or 

mutagenic effects while the evidence regarding its carcinogenic effects is inconclusive (17).  

Zaim et al. determined that “little or no hazard “ [or risk] is posed by ITMs (insecticide-

treated materials) to the users of nets treated with recommended pyrethroid products (62, 

p.1).  

 
METHODS 

 
Due to the variance and uncertainty in the literature regarding economic, ecological, 

and human health effects of IRS with DDT and ICON and permethrin-treated bednets, I 

gathered data from three sources, including (a) existing literature, (b) a survey designed to 

capture concerns of decision-makers, and (c) a pilot expert elicitation. 

 

Literature Review  
 

A thorough literature review was conducted using various combinations of the 

search terms: DDT, permethrin, lambda-cyhalothrin, malaria, insecticides, water quality, 

bioaccumulation, environmental impacts, human health, resistance, nontarget species, and 

vector control.  Results indicate that numerous journal articles and reports describe the 

impacts of insecticides on toxicity to nontarget species and vector resistance, although many 

do not specify the method of insecticide application and/or include impacts from 
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agricultural application.  Mostly anecdotal evidence exists in newspaper articles and on-line 

databases to describe the impact of insecticides on trade restriction.  Therefore, journal 

articles, technical reports, on-line databases, and popular press articles were all used to form 

the severity categories used in the expert elicitation (described in the next section).  More 

complete scientific literature exists for impacts to human health, including a thorough risk 

assessment recently conducted by the United States Agency for International Development 

(USAID); as such, the USAID report will be summarized and results used to complete the 

human health component. 

 
Survey Instrument 
 

A survey was designed to capture the concerns of decision-makers in East African 

countries.  The survey was merged with questions from another MDAST survey and was 

distributed to 27 participants (see Section IV of Appendix I).   The first question targets 

human health and environmental concerns of bednets treated with permethrin.  The second 

questions asks decision-makers to assess specific concerns (human health effects, 

environmental impacts, vector resistance, and trade restrictions) – regardless of hazard 

pathway – associated with DDT and lambda-cyhalothrin.  All responses were constructed 

using a 5-point Likert scale.  The survey received Institutional Review Board approval by 

Duke University on February 12, 2007.     

 
Expert Elicitation Instrument  

 

Expert elicitation, frequently applied in Bayesian decision analysis,  is a formal, highly 

structured, and well documented process whereby multiple expert judgments are obtained 

(63).  The results of an expert elicitation are probabilities that can be used to characterize 

uncertainty, thereby providing insight for policy makers until more definitive results are 

available (64).  Several methods of risk analysis exist, including risk-ranking, fault- and event-

tree analysis, and gaming methods (e.g., lotteries and decision wheels).  Over the past two 

decades, there has been an increased reliance on expert judgment to characterize uncertainty 

(65), including determinations of airline and food safety, climate change, and severe acute 

respiratory syndrome (SARS) protection for healthcare workers (66).  In addition, 

throughout the 1970s - 1990s, the Environmental Protection Agency (EPA) used expert 

elicitation to gather data for the National Ambient Air Quality Standards reviews (66). 
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When there are a large number of risk pathways and consequences of interest, as is 

the case in this report, decision analysts agree that it is sometimes “impractical” to apply 

traditional quantitative risk scenarios, and in these cases qualitative risk analysis provides “an 

adequate alternative” (67, p.969).  Therefore, for the purpose of the MDAST project, a pilot 

expert elicitation was employed to qualify the risks associated with each of the three vector 

control strategies.  Such an approach is prevalent in risk analysis literature and several 

variants exist.7  The instrument designed for this report is based on methods used by the 

National Aeronautics and Space Administration (NASA) and the Federal Aviation 

Administration (FAA) (68).  Most recently, WHO used this method for identifying the 

hazards and threats of water safety plans (69).  The underlying theory of this approach is to 

elicit both the likelihood of risk and severity of outcomes.  The following terms, used 

throughout the remaining methods and results, warrant clarification:    

Hazard: implies any event that has the potential to produce an adverse 

outcome with respect to the system (68).  Hazards are also referred to as risk 

events in the literature (70). 

Likelihood: represents the chance that a given hazard will lead to an adverse 

impact on a system.  It can be described qualitatively as well as quantitatively 

(68). 

Severity: represents the damages that result in the case of a hazard occurring 

(68). 

The elicitation instrument (located in Appendix II), developed over a period of three 

months, was constructed to allow various pathways of exposure and three separate versions 

were developed to account for categorical differences between outcomes of nontarget 

species, trade restrictions, and vector resistance.  The terms used to categorize levels of 

likelihood (very probable, probable, occasional, remote, and very remote) and levels of 

severity (catastrophic, critical, marginal, and negligible) were derived from the literature (see 

Table 6).  However, the description of each category was carefully developed using results 

from the literature review as well as figures obtained from government agencies.  Higher 

severities represent longer-term, perhaps irreparable damage, higher monetary penalties, and 

decreased efficacy for nontarget species, trade restrictions, and resistance, respectively. 

 
                                                 
7 Personal communication with Dr. Sandra Hoffmann, Resources for the Future. 
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Table 6. Definitions for likelihood and severity used in expert elicitations 
Level Descriptor Description 
Likelihood  
A Very probable Continuously experienced (>75%). 
B Probable Will occur frequently (50-75%). 
C Occasional Will occur several times (25-50%). 
D Remote Unlikely, but can reasonably be expected to occur (5-25%). 
E Very Remote Unlikely to occur, but possible (1-5%). 
N/R Not Relevant Risk does not result from scenario. 
Severity   
Harm to Nontarget Species 
I Catastrophic Major harm to nontarget species in the form of toxicity and/or 

bioaccumulation. Damage to nontarget species’ long-term survival and 
reproduction. 

II Critical Moderate toxicity to certain nontarget species. Consequences are short term. 
Bioaccumulation might occur but at very low environmental concentrations.

III Marginal Slight toxicity to nontarget species. Bioaccumulation does not occur. 
IV Negligible Negligible impact to notarget species. 
N/R Not Relevant Harm does not result from this scenario. 
Trade Restrictions 
I Catastrophic Importing countries ban horticulture and fish exports from E. Africa, 

leading to a ≥50% reduction in market worth. 
II Critical Importing countries ban horticulture and fish exports from E. Africa, 

leading to a 20-50% reduction in market worth. 
III Marginal Importing countries ban import on organic produce from E. Africa and/or 

E. Africa must implement a new, costly system of labeling and monitoring 
to ensure bans are not placed on horticulture ad fish exports. 

IV Negligible Minimal impact on trade. 
N/R Not Relevant Restrictions do not result from scenario. 
Vector Resistance 
I Catastrophic Vector resistance leading to ≥50% decrease in efficacy of control measure. 
II Critical Vector resistance leading to 20-50% decrease in efficacy of control measure.
III Marginal Vector resistance leading to slight decrease (≤20%) in efficacy of control 

measure. 
IV Negligible Negligible impact on insecticide efficacy from resistance. 
N/R Not Relevant Resistance does not result from scenario. 

 

Risks can thus be ascertained using the equation: Risk = Likelihood * Severity 

(conditional upon a hazard occurring), and mapped into a severity risk matrix (Table 7) (71).  

For example, where frequent occurrence is combined with catastrophic or critical severity, 

the risk is high and a decision-maker might decide to seek alternatives.  
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Table 7. Severity risk matrix 

 Severity 

Likelihood of 
Occurrence 

Catastrophic 
(I)  

Critical     
(II) 

Marginal 
(III) 

Negligible      
(IV) 

Very Probable (A) High High Serious Medium 

Probable (B) High High Serious Medium 

Occasional (C) High Serious Medium Low 

Remote (D) Serious Medium Medium Low 

Very Remote (E) Medium Medium Medium Low 

SOURCE: Adapted United States Department of Defense. 2000. Standard practice for 
system safety (MIL-STD-882D) MIL-STD-882D. 

 

Decision analysts at the Nicholas School of the Environment and Duke Law School, 

as well as faculty and staff from the MDAST Research Team, were instrumental in providing 

feedback when developing the elicitation.  The elicitation received Institutional Review 

Board approval on February 12, 2007.   Shortly thereafter, the exercise was pre-tested with 

two outside experts in the fields of decision analysis and malaria control.  One expert warned 

that, although technical experts are being targeted as participants, saliency could still affect 

the results.  She also warned that participants tend to be overconfident in their assessments. 

A multidisciplinary team of three experts were recruited from the fields of 

entomology, health, and agriculture.  Participants were sent a standard letter of invitation 

(Appendix III).  The elicitation was sent to participants at least 3 days in advance of the 

elicitation in case participants needed clarification, and all elicitations, approximately 30 

minutes in length, were performed over the phone.   

 

RESULTS 
 
Concerns Identified by Decision Makers 
 
 Results of the survey will be collected through May, 2007.  Thus, results from the 

current returns (n = 4) are presented here.  The Likert Scale was designed with “1” 

indicating “no concern” and “5” indicating “most concern”.  Decision-makers expressed 

high levels of concern with the emergence of vector resistance from ITNs (4), IRS with 

DDT (4.25), and IRS with ICON (3.25); thus concern of resistance was highest with DDT.   
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Initial survey results also indicate that decision-makers are not concerned with human health 

or environmental impacts of ITNs or IRS with ICON.  High levels of concern were present 

for all additional risks associated with DDT, including human health impacts (3.25), 

environmental impacts (4.25), and trade restrictions (4.25).  Interestingly, spraying with 

ICON is perceived as less risky than DDT in terms of potential trade restrictions (2.5). 

 
Risk Assessments 

 
Harm to Nontarget Species  

Based on a suggestion from Expert #1, an expert in environmental assessments of 

malaria control strategies, harm to nontarget species was specified to include only outdoor 

species whose loss would be considered negative (e.g., bees, fish, and birds), as opposed to 

indoor species whose loss would be considered positive (e.g., cockroaches, bedbugs, etc.).  

Expert #1 expressed high levels of concern for risks of harm to nontarget species via 

mismanagement of both DDT and ICON (Table 8).  Of lowest concern to her was use of 

ITNs, followed by spraying with ICON.     

 

Table 8. Harm to nontarget species 
Control Method Hazard Pathway Likelihood Severity Risk Rating 
ITN with Permethrin Use of ITN E IV Low 
 Washing of ITNs C II Serious 
IRS with DDT Actual spray E II Medium 
 Leaking to environment D I Serious 
 Mismanagement A I High 
IRS with ICON Actual spray E III Medium 
 Leaking to environment D II Medium 
 Mismanagement A II High 
 

Trade Restrictions 

Expert 2 (an academic in the agricultural sector from Tanzania), had concerns about 

the threat of agricultural restrictions from both IRS and ITNs (Table 9).  Of least concern to 

him – posing medium threats – were (1) washing of bednets (5-25% likely to occur resulting 

in either bans on organic produce or implementation of a labeling system to ensure bans are 

not placed on exports); and (2) indoor exposure to DDT and ICON from IRS and leakage 

of IRS insecticides to the outdoor environment (25-50% likely to occur resulting in the 

aforementioned outcomes).  He rated use of ITNs as posing a serious threat (>75% chance 
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of occurring with bans on organic produce or implementation of a labeling system) because 

of the large quantity of crops stored indoors.8 

 

Table 9.  Results for risk assessment of trade restrictions 
Control Method Hazard Pathway Likelihood Severity Risk Rating 
ITN with Permethrin Use of ITN A III Serious 
 Washing of ITNs D III Medium 
IRS with DDT Actual spray C III Serious 
 Leaking to environment C III Serious 
 Mismanagement B II High 
IRS with ICON Actual spray C III Serious 
 Leaking to environment C III Serious 
 Mismanagement B II High 

 

Expert 2’s largest concern was the mismanagement of DDT and ICON leading to 

diversion to the agricultural sector, ranked as a high threat (50-75% likelihood resulting in 

20-50% reductions in market worth from horticulture and fish exports).  When asked for his 

best estimate of the likelihood that DDT and ICON would be diverted to the agricultural 

sector, his response was 65% of the time. His rationale was that farmers often note the 

benefits of DDT and ICON in controlling the mosquito population, but do not have the 

medical knowledge or understanding to link reductions in mosquitoes to reductions in 

malaria.  They therefore instead use DDT and ICON to spray their fields and livestock to 

control for pests.  He adamantly added that, as long as DDT and ICON are cheaper than 

alternative insecticides, they will be diverted from their intended use. 

 

Vector Resistance  

Expert 3, an entomologist from Kenya, has contributed extensively to the field of 

vector resistance.  Results are alarming (Table 10).  She expressed high concerns with all but 

one hazard pathway.  She attributed the highest risks to all pathways associated with DDT 

from indoor spray applications, as well as mismanagement of ICON.  High levels of concern 

translate into >75% likelihood of occurrence leading to ≥50% decrease in efficacy of IRS.  

Expert 2 expressed medium concern (25-50% likelihood of occurrence with resistance 

leading to ≤ 20% decrease in efficacy of IRS) with ICON leakage to the outdoor 

                                                 
8 According to experts at RTI International, farmers often store crops indoors to prevent thefts from 
occurring. 
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environment from occurrences such as collapse of mud houses sprayed and insecticide 

particles being swept outside.  She attributed this lower level of concern to ICON’s shorter 

half-life and its ability to break down more quickly in soil and water media than DDT.    

Table 10.  Results for risk assessment of vector resistance 
Control Method Hazard Pathway Likelihood Severity Risk Rating 
ITN with Permethrin Use of ITN B II High 
 Re-treatment of ITNs B I High 
IRS with DDT Actual spray A I High 
 Leaking to environment A I High 
 Mismanagement A I High 
 Inappropriate application A I High 
IRS with ICON Actual spray A II High 
 Leaking to environment C III Medium 
 Mismanagement A I High 
 Inappropriate application A III Serious 

  

Expert 3 commented extensively on the mismanagement of DDT, asserting that 

proper mechanisms are currently not in place to protect DDT from diversion to the 

agricultural sector.  Also interesting to note is that ICON is currently approved for 

agricultural use.  As such, diversion to this sector is not a primary concern; however, because 

ICON is being used in large volumes for agriculture, there is concern among policy-makers 

in Kenya that resistance to pyrethroids will build.9  Inappropriate application of DDT was 

also disconcerting for Expert 3; DDT is frequently applied at a smaller dose than 

recommended, leading to pockets of resistance among An. gambiae.  Inappropriate 

application of ICON leading to vector resistance was of lesser concern because vector 

resistance to ICON is less sensitive to dose.  When asked for a percentage of inappropriate 

application of DDT and/or ICON at the district level in Kenya, Expert 3 claimed that 

improper application varies extensively by district.  Fortunately, there is a resurgence of re-

training of spray personnel to conform to best practice management in Kenya.       

Finally, with regards to permethrin-treated bednets, Expert 3 had high levels of 

concern for vector resistance emerging due to use of bednets (50-75% likelihood of 

occurrence with resistance leading to 20-50% decrease in efficacy of ITNs) and re-treatment 

of bednets at the household level (50-75% likelihood of occurrence with resistance leading 

to ≥50% decrease in efficacy of ITNs).  She explained that her concern in the latter hazard 
                                                 
9 This finding confirms the literature review results that found  that resistance to pyrethroids is less 
widespread in East Africa.  Expert 3 added that resistance to anti-malarial drugs, however, is higher in East 
Africa than in other areas of Africa. 
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pathway stemmed from unequal or improper distribution of insecticide on the net, causing 

vectors to be exposed to smaller doses of insecticide and building resistance. 

 

Harm to Human Health 

 The potential harm to human health from IRS and ITNs was measured using the 

2006 Programmatic Evaluation Assessment conducted by USAID.  To date, this document 

is the most complete evaluation of human health risks from most integrated vector control 

strategies, including IRS, ITNs, and larviciding.  Although risks are assessed for workers, 

adult residents, and child residents (defined as residents 10 – 11 years old), this report 

focuses on the latter.10  The screening methodology was carefully selected by review of 

reports, guidance documents for pesticide exposure and risk assessment, and scientific 

journal articles (21).  However, to echo the caution of USAID, the following results provide 

insight into potential and relative risks, but do not represent actual measured risks (21).   

The two hazard paths for IRS identified as applicable to child residents were 

application of insecticide on the wall and deposition of insecticides on food products.  IRS 

application assumes that a child comes into contact with 8 mL of insecticide, a liberal 

estimate on the part of USAID.  The equation used to calculate exposure was: absorbed 

dose = (IVM concentration * volume deposited onto skin)/(body weight * averaging time).  

The equation used to calculate the predicted dose of insecticide on food was: (application * 

surface area of food * exposure duration * 1E + 06)/(body weight * averaging time).  It was 

assumed that food was left uncovered.  Table 11 lists the results of the exposure assessment.  

An insecticide for a given pathway is listed as either passing or failing based on comparison 

with the hazard quotient (HQ), the noncancer health benchmark measured against the 

predicted dose.  An insecticide passes the test if the HQ < 1, meaning there is low potential 

for adverse effects.  Conversely, an insecticide fails the test if there is potential for adverse 

effects (HQ > 1).  

DDT fails and ICON passes both exposure pathways for IRS.  USAID suggests that 

further research is warranted to confirm the danger of DDT application on walls and that 

implementing policies for food removal prior to an insecticide application would eliminate 

the threat of DDT deposition on food, precluding additional research. 

                                                 
10 This decision reflects the emphasis of the MDAST model on calculating the burden and benefits of 
vector control strategies on children, those whose health is most impacted by malaria. 
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Table 11. Noncancer screening results for child residents: hazard quotient (pass/fail)

Process Pathway DDT 
Lambda-

cyhalothrin 
Permethrin 

IRS-Specific      
    Application on walls Dermal 2000 (Fail) 0.2 (Pass) -- 
    Deposition on food Inhalation 1000 (Fail) 0.08 (Pass) -- 
ITN-Specific     
    Treating nets Dermal -- -- 0.9 (Pass) 
    Burying insecticide during 
    disposal and drinking 
    groundwater 

Ingestion -- -- 40 (Fail) 

    Burying insecticide during 
    disposal and bathing with 
    groundwater 

Dermal -- -- 4 (Fail) 

    Food or drink storage from 
    reuse of insecticide  
    containers 

Ingestion -- -- 40 (Fail) 

SOURCE: Adapted from United States Agency for International Development. 2006. Integrated 
vector management programs for malaria vector control: Programmatic environmental assessment: 
RTI. 
 

Four routes of exposure pertinent to child residents were measured for permethrin-

treated bednets.  Interestingly, treating nets with permethrin was deemed safe while the three 

other pathways – exposure from drinking water after burying permethrin during disposal11, 

bathing with groundwater after burying permethrin during disposal, and ingestion of 

permethrin from food and drink stored in containers previously containing permethrin – 

were considered unsafe.  Calculations were as follows: 

• Absorbed dose from treating nets = (IVM concentration * volume deposited onto 

skin)/(body weight * averaging time)12 

• Predicted dose from ingestion of groundwater = (groundwater concentration * water 

ingestion rate * exposure frequency * exposure duration)/(body weight * averaging 

time). 

• Absorbed dose from dermal exposure from bathing = (absorbed dose * surface area 

body * exposure frequency * exposure duration)/(body weight * averaging time) 

                                                 
11 It was assumed that insecticides were buried with enough quantity to lead to leaching to groundwater. 
12 The model assumed that residents were not wearing gloves when treating bednets. 
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• Calculation for predicted dose from ingestion of food or drink storage from reuse of 

insecticide containers not provided. 

The predicted dangers from exposure from the ingestion route were surprising, given 

that permethrin has shown to be of low toxicity in past studies (29).  USAID concluded that, 

from a relative risk perspective, DDT is the riskiest insecticide with respect to both cancer 

and noncancer endpoints.  Although results from all tested chemicals are not shown, they 

also concluded that usage of ITN is preferable to IRS.   

 

Discussion 

Upon first glance, the results appear to be disconcerting.  Both decision-makers and 

technical experts expressed a frequent occurrence of risks associated with all three vector 

control strategies.  An initial sample of decision-makers expressed most concerns with the 

use of DDT, and fear of the emergence of vector resistance occurring from permethrin-

treated ITNs, IRS with ICON, and IRS with DDT.  Results from all 27 survey participants 

will be calculated in May.  One interesting component to analyze will be the consistency of 

concerns across participants from various fields.   

Expert elicitations, designed to assess risks by technical experts on harm to nontarget 

species, economic damages from trade restrictions, and vector resistance, yielded interesting 

initial results.  Experts assessing harm to nontarget species and the potential for trade 

restrictions attributed the highest level of risk to mismanagement of DDT and ICON – 

defined again as improper management of insecticides, whether in the transportation, 

tracking, or storage phase, leading to illegal diversion to the agricultural sector. 

Results from the elicitation for vector resistance were alarming; the expert assessed 

high risks of the potential for vector resistance to occur from all pathways associated with 

permethrin-treated bednets and IRS with DDT.  Again, high risks were attributed to 

mismanagement of DDT and ICON, indicating that mismanagement of insecticides is the 

riskiest pathway of exposure.  Results should be viewed in light of the following caveats: (1) 

results are based on a small sample and are preliminary in that they are intended to provide 

insight to the MDAST team as to which pathways of risk to pursue more in-depth 

elicitations; and (2) results are semi-quantitative because the elicitations were not designed to 

capture confidence intervals.  
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Yet the results are not entirely negative.  Mismanagement reflects the need for best 

practices management policies for the handling of insecticides.  Such safety measures, as well 

as technical assistance with re-spraying indoor surfaces, are currently being implemented as 

part of the President’s Malaria Initiative spearheaded by USAID.  According to one source, 

the risk of illegal insecticide diversion to the agricultural sector could be reduced by 

coordination among the Ministries of Health and Agriculture, export associations, and non-

governmental organizations (21).  Results indicate the urgency for heavily-monitored vector 

surveillance systems, particularly in East Africa.  Finally, several gaps in the research 

literature were identified during the course of this project, including harm to infants and 

children under 5 years of age from insecticides, the prevalence of groundwater 

contamination in sprayed areas, and the impact of the kdr mutation on insecticide efficacy.  
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APPENDIX I  
Malaria Policy Survey for Decision-makers 

 
Opening Screen for Web Survey: 
 
This survey is part of a collaborative initiative of Duke University (USA), the National 
Institute for Medial Research (Tanzania), and the Systemwide Initiative on Malaria and 
Agriculture (South Africa). Results from the survey will be used to develop 
recommendations for improvements in the design and implementation of malaria control 
policy.   
 
You have been selected to provide your views because of your experience and 
involvement in malaria control policy and research. Your responses are therefore very 
important for the survey. Please be assured that the information you provide will be 
treated as confidential.  
 
It should take about 15 minutes to complete the survey. Your participation is completely 
voluntary—you may skip any questions that you want, and you may stop at any point.   
There is no right or wrong answer to any question.   If you are willing to participate, 
please click here. If you have questions about the survey, you may send an email to 
kramer@duke.edu. 
 
 
Section I: Personal Information 
 
1.  Please tell us the type of organization for which you work. Please check only one 
category 
__ Government 
__ University/Research Institution 
__ Donor Agency 
__ NGOs/Civil Societies/Faith-based Organization 
__ Other (Please specify) _________________ 
 
2.  Please tell us in which sector you primarily work. Please check only one category 
__ Health 
__ Environment 
__ Agriculture 
__ Education 
__ Finance/Trade 
__ Other (Please specify) _________________ 
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Section II: National Malaria Control Decision Making 
 
3.  Please tell us who is involved in formulating malaria control policy in your 
country.  Indicate which of these actors/organizations has primary responsibility for 
formulating national malaria control policies. Please check all that apply 
 
Government Ministries: 
__ Ministry of Health    
__ Ministry of Environment   
__ Ministry of Agriculture   
__ Ministry of Finance    
__ Other (Please specify) ____________________  
 
Other Government Officials: 
__ Members of Parliament   
__ Prime Minister    
__ Vice President     
__ President  
 
Universities/ Research Institutions 
__ please list: _________________________________ 
  __________________________________ 
 
Donor agencies: 
__  please list: __________________________________ 
  __________________________________ 
 
NGOs/ Civil Societies/ Faith-based Organizations:      
__ please list: __________________________________ 
  __________________________________ 
 
Others:   
___ please list: __________________________________ 
  __________________________________ 
 
4.  In your opinion, are there any other people or organizations that should be 
included in malaria control policy making? 
__Yes  __ No 
Please list: _________________________________________ 
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5.  How frequently does the agency with principal 
responsibility for malaria control policies meet with each 
of the following actors to discuss malaria control issues? 

[ 0 ] Don’t know/not sure
[ 1 ] Rarely/never 
[ 2 ] Once or twice a year
[ 3 ] Every few months 
[ 4 ] Monthly 

Members of Parliament 0   1    2    3    4 
Executive Government (President, VP, PM) 0   1    2    3    4 
Ministry of Environment 0   1    2    3    4 
International donor agencies 0   1    2    3    4 
University researchers 0   1    2    3    4 
NGOs/Civil Societies/Faith-based Organizations 0   1    2    3    4 
 
6.  How well integrated are different components of your country’s national malaria 
control strategy (e.g., disease management, vector control, epidemic preparedness, 
social marketing, health education)?       
(1= no integration across different components, …, 5 = components are closely 
integrated) 
Response:  1   2   3   4   5    
 
7.  How big of a role does each of the following 
factors currently play in determining your 
country’s national malaria control policies? 

[ 1 ]  No role 
… 
[ 5 ]  Most important role 

Costs of alternative strategies 1    2    3    4   5    
Opinions of key leaders 1    2    3    4   5    
Scientific research 1    2    3    4   5     
Donor preferences 1    2    3    4   5    
Popular pressure/opinion 1    2    3    4   5    
Other __________________________ 1    2    3    4   5    
 
 
8.  Now please tell us the role you think these 
different factors should play in determining your 
country’s national malaria control policies: 

[ 1 ]  No role 
… 
[ 5 ]  Most important role 

Costs of alternative strategies 1    2    3    4   5    
Opinions of key leaders 1    2    3    4   5    
Scientific research 1    2    3    4   5    
Donor preferences 1    2    3    4   5    
Popular pressure/opinion 1    2    3    4   5    
Other __________________________ 1    2    3    4   5    
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Section III:  Criteria and indicators for policy decisions 
 
9.  Which of the following objectives do policymakers currently consider in deciding 
among alternative malaria control policies?  (check all that apply) 
___ Reducing malaria prevalence/incidence  
___ Reducing the risk of epidemics 
___ Minimizing costs 
___ Minimizing environmental impacts 
___ Reducing poverty 
___ Avoiding impacts on international trade 
___ Other (please specify) ___________________________ 
 
10.  Which of objectives should policymakers consider in deciding among alternative 
malaria control policies?  (Check all that apply) 
___ Reducing malaria prevalence/incidence  
___ Reducing the risk of epidemics 
___ Minimizing costs 
___ Minimizing environmental impacts 
___ Reducing poverty 
___ Avoiding impacts on international trade 
___      Other (please specify) ___________________________ 
 
11.  In terms of measuring human health impacts, which of the following indicators 
do you think policymakers should focus on? (Check up to 5) 
___ Malaria prevalence/incidence 
___ Malaria prevalence among children 
___ Malaria prevalence among pregnant women 
___ Number of uncomplicated malaria cases 
___ Number of uncomplicated malaria cases among children 
___ Number of uncomplicated malaria cases among pregnant women 
___ Number of severe malaria cases 
___ Number of severe malaria cases among children 
___ Number of severe malaria cases among pregnant women 
___ Malaria-related mortality 
___ Overall child mortality 
___ Overall mortality 
___ Risks associated with exposure to toxic chemicals 
___ Other (please specify): _____________________________ 
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Section IV: Malaria Treatment and Vector Control Concerns 
12. Please tell us your concerns about use of insecticide-
treated nets (ITNs) treated with pyrethroids. 

[ 0 ] Don’t know/not sure 
[ 1 ] Not at all concerned 
… 
[ 5 ] Most concerned 

Costs 0   1   2   3   4   5 
Effectiveness against malaria 0   1   2   3   4   5 
Other human health impacts 0   1   2   3   4   5 
Environmental impacts 0   1   2   3   4   5 
Compliance/consistent use of nets by target population 0   1   2   3   4   5 
Long term financial sustainability 0   1   2   3   4   5 
Vector resistance 0   1   2   3   4   5 
 
13. Please tell us your concerns about use of long-lasting 
insecticide-treated nets (LLINs). 

[ 0 ] Don’t know/not sure 
[ 1 ] Not at all concerned 
… 
[ 5 ] Most concerned 

Costs 0   1   2   3   4   5 
Effectiveness against malaria 0   1   2   3   4   5 
Other human health impacts 0   1   2   3   4   5 
Environmental impacts 0   1   2   3   4   5 
Compliance/consistent use of nets by target population 0   1   2   3   4   5 
Long term financial sustainability 0   1   2   3   4   5 
Vector resistance 0   1   2   3   4   5 
 
14. Please tell your concerns about indoor residual 
spraying (IRS) using DDT. 

[ 0 ] Don’t know/not sure 
[ 1 ] Not at all concerned 
… 
[ 5 ] Most concerned 

Costs 0   1   2   3   4   5 
Effectiveness against malaria 0   1   2   3   4   5 
Other human health impacts 0   1   2   3   4   5 
Environmental impacts 0   1   2   3   4   5 
Compliance/acceptance by target populations 0   1   2   3   4   5 
Long term financial sustainability 0   1   2   3   4   5 
Vector resistance 0   1   2   3   4   5 
Trade restrictions (e.g., agricultural, horticultural, 
fisheries exports) 

0   1   2   3   4   5 
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15. Please tell us your concerns about indoor residual 
spraying (IRS) using lambda-cyhalothrin (ICON). 

[ 0 ] Don’t know/not sure 
[ 1 ] Not at all concerned 
… 
[ 5 ] Most concerned 

Costs 0   1   2   3   4   5 
Effectiveness against malaria 0   1   2   3   4   5 
Other human health impacts 0   1   2   3   4   5 
Environmental impacts 0   1   2   3   4   5 
Compliance/acceptance by target populations 0   1   2   3   4   5 
Long term financial sustainability 0   1   2   3   4   5 
Vector resistance 0   1   2   3   4   5 
Trade restrictions (e.g., agricultural, horticultural, 
fisheries exports) 

0   1   2   3   4   5 

 
16. Please tell us your concerns about use of larvicides 
for malaria control. 

[ 0 ] Don’t know/not sure 
[ 1 ] Not at all concerned 
… 
[ 5 ] Most concerned 

Costs 0   1   2   3   4   5 
Effectiveness against malaria 0   1   2   3   4   5 
Other human health impacts 0   1   2   3   4   5 
Environmental impacts on non-target species 0   1   2   3   4   5 
Long term sustainability 0   1   2   3   4   5 
Vector resistance 0   1   2   3   4   5 
 
17. Please tell us your concerns about intermittent 
preventative treatment for pregnant women and infants 
(IPTp and IPTi).  

[ 0 ] Don’t know/not sure 
[ 1 ] Not at all concerned 
… 
[ 5 ] Most concerned 

Costs 0   1   2   3   4   5 
Effectiveness against malaria 0   1   2   3   4   5 
Drug side effects on women or infants 0   1   2   3   4   5 
Service delivery 0   1   2   3   4   5 
Compliance with drug regimens 0   1   2   3   4   5 
Long term financial sustainability 0   1   2   3   4   5 
Parasite resistance to antimalarial drugs 0   1   2   3   4   5 
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Section V:  Challenges 
 
14.  Please tell us about any challenges, obstacles, or other issues involved in 
formulating a national malaria control strategy and combating malaria in your 
country.  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
 
 
Thank you for taking the time to fill out this survey. 
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APPENDIX II 
Part 1: Instructions for all Elicitations  

 
Instructions 

 
The following survey is designed to capture your perception of risks from the use of permethrin-
treated bednets and indoor residual spraying (IRS) with DDT and lambdacyhalothrin (ICON).  Risk 
is measured by both likelihood (the probability that a hazardous event will occur) and severity of 
outcomes.  One method of capturing both facets of risk is to elicit judgments from experts. 
 
In the following pages, you will be asked to judge measures of likelihood and severity for various 
hazard paths of ITN and IRS use.  Before beginning, however, let us first walk through a sample 
elicitation exercise. Suppose, for example, a researcher is interested in gauging the risks of traffic 
accidents from a 2-inch rainfall in one day in a particular community (Community X): 
   
 

 
Please rate the likelihood and severity of traffic accidents resulting from 2 inches of rainfall 

tomorrow in Community X.  To measure your perception of likelihood, please use the levels (A-E) 
provided in Table A, Column 2.  Please note that the likelihood rating is not designed to capture your 
likelihood assessment of the rainfall occurring, but rather the likelihood of traffic accidents occurring 

as a result of the rainfall.  To measure your perception of severity, please use the levels (A-E) 
provided in Table B, Column 2.   

 
Likelihood Severity 

  

  
Table A: Estimate of Likelihood Table B: Estimate of Severity 

     
Likelihood  Level 

Description of 
Category Severity  Level Description of Category 

Very Probable A ≥80% Catastrophic I Increase by ≥50 accidents beyond mean 
Probable B 50-80%  Critical II Increase by 25-50 accidents beyond mean 

Occasional C 20-50%  Marginal III Increase by 10-25 accidents beyond mean 
Remote D 10-20%  Minimal IV Increase by ≤10 accidents beyond mean 

Very Remote E ≤10%     
 
If the expert felt that the risk of traffic accidents occurring was very probable and marginal in nature, 
then he/she would answer the questions as follows: 
 

Likelihood Severity 

  

 
 
 
 

A III
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Part 2: Expert Elicitation Instrument for Harm to Nontarget Species 
 

Risk Assessment Tables 
 

Notes: Table 1 captures the likelihood of risk, while Table 2 captures the severity of risk. 
We understand that our definitions of likelihood and severity are subjective, but please base 
your response on these definitions. There will be an opportunity as we continue with the 
survey to provide feedback. 

 
 
Table 1. Likelihood of Risk 
Likelihood 
Category 

 
Level 

 
Description of Category (approximate probability per 100 cases or times) 

Very probable A Continuously experienced (more than 75 in 100) 
Probable B Will occur frequently (50 to 75 in 100) 
Occasional C Will occur several times (25 to 50 in 100) 
Remote D Unlikely, but can reasonably be expected to occur (5 to 25 in 100) 
Very remote E Unlikely to occur, but possible (1-5 in 100) 
Not relevant N/R Risk does not result from scenario 
 
 
Table 2. Severity of Risk  

Severity 
Category Level 

Description of Severity: Harm to non-target species (particularly birds, 
fish and other aquatic organisms, bees, and wildlife) 

Catastrophic I 
Major harm to nontarget species in the form of toxicity and/or 
bioaccumulation. Damage to nontarget species’ long-term survival and 
reproduction.  

Critical II Moderate toxicity to certain nontarget species. Consequences are short term. 
Bioaccumulation might occur but at very low environmental concentrations.    

Marginal III Slight toxicity to nontarget species. Bioaccumulation does not occur.   
Negligible IV Negligible impact to nontarget species. 
Not relevant N/R Harm does not result from this scenario. 
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Pyrethroid-Treated Bednets 
 

Hazard Path #1 – Use of permethrin-treated bednets 
One method of preventing contact between humans and mosquitoes is the use of permethrin-
treated bednets.  Please rate the likelihood and severity of harm to nontarget species from use of 
permethrin-treated bednets, using Tables 1 & 2.  
 

Likelihood Severity 
  

  
 
Hazard Path #2 – Washing of bednets 
Survey results from malaria research indicate that bednets are frequently washed in local ponds 
and/or surface waters.  Please rate the likelihood and severity of harm to nontarget species from 
washing of bednets in local ponds and/or surface waters, using Tables 1 & 2.  
 

Likelihood Severity 
  

 
 

Indoor Residual Spraying (IRS) with DDT and ICON  
 
Hazard Path #1 – Spraying with DDT and ICON 
Part A: DDT 
Another method of preventing contact between humans and mosquitoes is the practice of IRS.  IRS 
involves coating the walls and other surfaces of a house with an insecticide.  In the following 
scenario, please assume that DDT is selected as the insecticide and spraying takes place within the 
inside of a house only. Please rate the likelihood and severity of harm to nontarget species from 
DDT used in spray applications, assuming virtually no insecticide enters the outdoor environment, 
using Tables 1 & 2. 
 

Likelihood Severity 
  

  
Part B: ICON 
Please rate the likelihood and severity of harm to nontarget species from the above scenario with 
ICON, using Tables 1 & 2. 
 

Likelihood Severity 
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Hazard Path #2 – Leakage of DDT and ICON 
Part A: DDT 
In the process of spraying, there is evidence that a certain percentage of insecticide enters the 
environment through various pathways (e.g., collapse of mud houses sprayed with DDT, insecticide 
particles being swept outside, etc.).  Please re-rate the likelihood and severity of harm to nontarget 
species from DDT used in spray applications, assuming a significant amount of DDT enters the 
outdoor environment, using Tables 1 & 2. 
 

Likelihood Severity 
  

    
Part B: ICON 
Please rate the likelihood and severity of harm to nontarget species from the above scenario with 
ICON, using Tables 1 & 2. 
 

Likelihood Severity 
  

 
Hazard Path #3 – Mismanagement of DDT and ICON  
Part A: DDT 
Although there are WHO, FAO, and country-specific guidelines outlining best practice vector 
control management, concerns have arisen because of difficulty some districts experience with 
properly managing (including transporting, tracking, and storing) insecticides. One possible effect of 
this difficulty is illegal diversion of DDT into the agricultural sector. Please rate the likelihood and 
severity of harm to nontarget species from DDT mismanagement, using Tables 1 & 2.  
.  

Likelihood Severity 
  

  
Part B: ICON 
Please rate the likelihood and severity of harm to nontarget species from the above scenario with 
ICON, using Tables 1 & 2. 
 

Likelihood Severity 
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Part 3: Expert Elicitation Instrument for Trade Restrictions 
 

Risk Assessment Tables 
 

Notes: Table 1 captures the likelihood of risk, while Table 2 captures the severity of risk. We understand 
that our definitions of likelihood and severity are subjective, but please base your response on these 
definitions. There will be several opportunities as we continue with the elicitation to provide feedback. 

 
 
Table 1. Likelihood of Risk 
Likelihood 
Category 

 
Level 

 
Description of Category (approximate probability per 100 cases or times) 

Very probable A Continuously experienced (more than 75 in 100) 
Probable B Will occur frequently (50 to 75 in 100) 
Occasional C Will occur several times (25 to 50 in 100) 
Remote D Unlikely, but can reasonably be expected to occur (5 to 25 in 100) 
Very remote E Unlikely to occur, but possible (1-5 in 100) 
Not relevant N/R Risk does not result from scenario 
 
 
Table 2. Severity of Risk  

Severity 
Category Level Description of Severity: Crop contamination leading to trade restrictions

Catastrophic I 
Importing countries (e.g., European Union, United States, Japan, etc.) ban 
horticulture and fish imports from Tanzania, leading to a ≥50% reduction in 
market worth 

Critical II 
Importing countries (e.g., European Union, United States, Japan, etc.) ban 
horticulture and fish imports from Tanzania, leading to a 20-50% reduction in 
market worth 

Marginal III 

Importing countries (e.g., European Union, United States, Japan, etc.) ban 
import on organic produce from Tanzania and/or Tanzania must implement a 
new, costly system of labeling and monitoring to ensure bans are not placed on 
horticulture and fish exports 

Minimal IV Minimal impact on trade  
Not relevant N/R Harm does not result from this scenario 
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Pyrethroid-Treated Bednets 
 

Hazard Path #1 – Use of permethrin-treated bednets 
Part A: Actual use  
One method of preventing contact between humans and mosquitoes is the use of 
permethrin-treated bednets.  Please rate the likelihood and severity of imposition of trade 
restrictions from the use of permethrin-treated bednets, using Tables 1 & 2.  
 

Likelihood Severity 

  
  
Hazard Path #2 – Washing of bednets 
Survey results from malaria research indicate that bednets are frequently washed in local 
ponds and/or surface waters.  Please rate the likelihood and severity of imposition of trade 
restrictions from washing of bednets in local ponds and/or surface waters, using Tables 1 & 
2.  
 

Likelihood Severity 

  
 

 
Indoor Residual Spraying (IRS) with DDT and ICON 

 
 
Hazard Path #1 – Spraying with DDT and ICON 
Part A: DDT 
Another method of preventing contact between humans and mosquitoes is the practice of 
IRS.  IRS involves coating the walls and other surfaces of a house with an insecticide.  In the 
following scenario, please assume that DDT is selected as the insecticide and spraying takes 
place within the inside of a house only. Please rate the likelihood and severity of imposition 
of trade restrictions from DDT used in spray applications, assuming virtually no insecticide 
enters the outdoor environment, using Tables 1 & 2. 
 

Likelihood Severity 

  
  
Part B: ICON 
Please rate the likelihood and severity of imposition of trade restrictions from the above 
scenario with ICON, using Tables 1 & 2. 
 

Likelihood Severity 
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Hazard Path #2 – Leakage of DDT and ICON 
Part A: DDT 
In the process of spraying, there is evidence that a certain percentage of insecticide enters 
the environment through various pathways (e.g., collapse of mud houses sprayed with DDT, 
insecticide particles being swept outside, etc.).  Please re-rate the likelihood and severity of 
imposition of trade restrictions from DDT used in spray applications, assuming a significant 
amount of DDT enters the outdoor environment, using Tables 1 & 2.   
 

Likelihood Severity 

  
    
Part B: ICON 
Please rate the likelihood and severity of imposition of trade restrictions from the above 
scenario with ICON, using Tables 1 & 2. 
 

Likelihood Severity 

  
 
Hazard Path #3 – Mismanagement of DDT and ICON  
Part A: DDT 
Although there are WHO, FAO, and Tanzania-specific guidelines outlining best practice 
vector control management, concerns have arisen because of difficulty some districts 
experience with properly managing (including transporting, tracking, and storing) 
insecticides. One possible effect of this difficulty is illegal diversion of DDT into the 
agricultural sector. Please rate the likelihood and severity of imposition of trade restrictions 
from DDT mismanagement, using Tables 1 & 2.  
.  

Likelihood Severity 

  
  
Part B: ICON 
Please rate the likelihood and severity of imposition of trade restrictions from the above 
scenario with ICON, using Tables 1 & 2. 
 

Likelihood Severity 

  
 
What is your best estimate of the likelihood of DDT being diverted to the agricultural 
sector? (Please rate likelihood using Table 1)________  
 
What is your best estimate of the likelihood of ICON being diverted to the agricultural 
sector? (Please rate likelihood using Table 1)________  
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Part 4: Expert Elicitation Instrument for Vector Resistance 
 

Risk Assessment Tables 
 

Notes: Table 1 captures the likelihood of risk, while Table 2 captures the severity of risk. We 
understand that our definitions of likelihood and severity are subjective, but please base your 
response on these definitions. There will be an opportunity as we continue with the survey to 
provide feedback. 

 
 
Table 1. Likelihood of Risk 
Likelihood 
Category 

 
Level 

 
Description of Category (approximate probability per 100 cases or times) 

Very probable A Continuously experienced (more than 75 in 100) 
Probable B Will occur frequently (50 to 75 in 100) 
Occasional C Will occur several times (25 to 50 in 100) 
Remote D Unlikely, but can reasonably be expected to occur (5 to 25 in 100) 
Very remote E Unlikely to occur, but possible (1-5 in 100) 
Not relevant N/R Risk does not result from scenario 
 
 
Table 2. Severity of Risk  

Severity 
Category Level Description of Severity: Vector (An. gambiae) resistance to insecticide 
Catastrophic I Vector resistance leading to ≥50% decrease in efficacy of control measure 
Critical II Vector resistance leading to 20-50% decrease in efficacy of control measure 

Marginal III Vector resistance leading to slight decrease (≤20%) in efficacy of control 
measure 

Negligible IV Negligible impact on insecticide efficacy from resistance  
Not relevant N/R Resistance does not result from this scenario 
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Pyrethoid-Treated Bednets 
 

Hazard Path #1 – Use of permethrin-treated bednets 
Part A: Actual use  
One method of preventing contact between humans and mosquitoes is the use of 
permethrin-treated bednets.  Please rate the likelihood and severity of vector resistance from 
the use of permethrin-treated bednets, using Tables 1 & 2.  
 

Likelihood Severity 
  

  
Hazard Path #2 – Re-treatment of bednets with permethrin 
Although there are guidelines outlining re-application standards and timelines, concerns have 
arisen because of the difficulty some districts and/or households have experienced with re-
treatment (e.g., improper timing of re-application of insecticide or improper application of 
insecticide dose). Please rate the likelihood and severity of vector resistance from improper 
re-treatment, using Tables 1 & 2.  
 

Likelihood Severity 
  

 
What is your best estimate of the likelihood of bednets being re-treated according to best-
practice guidelines? (Please rate likelihood using Table 1)________  

 
Indoor Residual Spraying (IRS) with DDT and ICON 

 
Hazard Path #1 – Spraying with DDT and ICON 
Part A: DDT 
Another method of preventing contact between humans and mosquitoes is the practice of 
IRS.  IRS involves coating the walls and other surfaces of a house with an insecticide.  In the 
following scenario, please assume that DDT is selected as the insecticide and spraying takes 
place within the inside of a house only. Please rate the likelihood and severity of vector 
resistance from DDT used in spray applications, assuming virtually no insecticide enters the 
outdoor environment, using Tables 1 & 2. 
 

Likelihood Severity 
  

  
Part B: ICON 
Please rate the likelihood and severity of vector resistance from the above scenario with 
ICON, using Tables 1 & 2. 
 

Likelihood Severity 
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Hazard Path #2 – Leakage of DDT and ICON 
Part A: DDT 
In the process of spraying, there is evidence that a certain percentage of insecticide enters 
the environment through various pathways (e.g., collapse of mud houses sprayed with DDT, 
insecticide particles being swept outside, etc.).  Please re-rate the likelihood and severity of 
vector resistance from DDT used in spray applications, assuming a significant amount of 
DDT enters the outdoor environment.  Please rate the likelihood and severity of vector 
resistance using Tables 1 & 2. 
 
 

Likelihood Severity 
  

    
Part B: ICON 
Please rate the likelihood and severity of vector resistance from the above scenario with 
ICON, using Tables 1 & 2. 
 

Likelihood Severity 
  

 
 
Hazard Path #3 – Mismanagement of DDT and ICON  
Part A: DDT 
Although there are WHO, FAO, and Kenya-specific guidelines outlining best practice vector 
control management, concerns have arisen because of the difficulty some districts experience 
with properly managing (including transporting, tracking, and storing) insecticides. One 
possible effect of this difficulty is illegal diversion of DDT into the agricultural sector. Please 
rate the likelihood and severity of vector resistance from DDT mismanagement, using 
Tables 1 & 2.  
.  

Likelihood Severity 
  

  
Part B: ICON 
Please rate the likelihood and severity of vector resistance from the above scenario with 
ICON, using Tables 1 & 2. 
 

Likelihood Severity 
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Hazard Path #4 – Inappropriate application   
Part A: DDT 
Ideally, there are formal resistance prevention and monitoring measures in place to 
determine where and when to spray insecticides.  However, such measures are difficult to 
implement.  Possible effects of this difficulty include (1) improper timing of re-treatment 
and (2) spraying in areas not recommended. Please rate the likelihood and severity of vector 
resistance from inappropriate DDT application, using Tables 1 & 2.  
  

Likelihood Severity 
  

  
Part B: ICON 
Please rate the likelihood and severity of vector resistance from the above scenario with 
ICON, using Tables 1 & 2. 
 

Likelihood Severity 
  

 
What is your best estimate of the likelihood of DDT being inappropriately applied? (Please 
rate likelihood using Table 1)________  
 
What is your best estimate of the likelihood of ICON being inappropriately applied? (Please 
rate likelihood using Table 1)________  
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APPENDIX III 
Invitation to Experts to Participate in Elicitation 

 
I am writing to invite you to participate in a pilot expert elicitation.  As a graduate student at 
Duke University, I am working on behalf of the Malaria Decision Analysis Support Tool 
(MDAST) Research Team, a collaborative research group headed by Dr. Randall Kramer.  
The MDAST aims to promote multi-sectoral malaria control policymaking in African 
countries through the use of a comprehensive framework for assessing the full range of risks 
and benefits associated with alternative malaria control strategies.  
 
 I am specifically focusing on human and ecological effects of insecticide-treated bednets and 
indoor residual spraying, one component of this framework.  Results from this elicitation, 
combined with a thorough analysis of current scientific literature and social science surveys, 
will help us to clarify concerns associated with different strategies. 
 
You have been selected to provide your views because of your technical expertise in the field 
of (entomology/human health/ecology/trade). The elicitation will take approximately 30 
minutes and will be scheduled around your availability.  Your participation is completely 
voluntary—you may skip any questions that you want, and you may stop at any point.   You 
will be given an opportunity to comment on all questions throughout the exercise.  Although 
the exercise is not confidential, your name and organization will not be affiliated with the 
data or in the reporting of the results. 
 
Thank you for considering participation in the elicitation.   
 
 


