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1. EXECUTIVE SUMMARY 

This document has been prepared to serve as a Supplemental Environmental Assessment (SEA) for IRS 

in Madagascar. Previous environmental documentation for PMI-supported IRS in Madagascar authorized 

the use of the pyrethroid and carbamate classes of the WHOPES-recommended pesticides in all areas of 

Madagascar from 2010-15, and was prepared in accordance with the provisions of USAID 22 CFR (216) 

regarding the use and application of pesticides. This SEA proposes to expand the authorization to include 

the use of all WHOPES-recommended organophosphate pesticides. 

 

Changing or rotating insecticides of different classes over time and space is currently a leading way to 

manage resistance. It is also important to ensure that the pesticide used is effective for the duration of the 

malaria season in a given environment. The proposal to use organophosphates is prompted by the need to 

undertake pesticide rotation to prevent or mitigate the development of resistance, and to make available 

longer-duration pesticides. In Madagascar, the insecticide alpha-cypermethrin (pyrethroid class) was used 

for focused spraying for six (6) years on the central highlands and for generalized indoor spraying for two 

(2) years on the central highlands and the margins. More recently carbamates have been used in the South 

and in most of the Central Highlands (CHL) (along with some deltamethrin in the CHL), but preliminary 

entomological surveillance data has suggested a decrease in the residual life of carbamate pesticides such 

that it may not remain effective throughout the length of the malaria season in Madagascar. A new 

formulation of a WHOPES-recommended Active Ingredient (AI), pirimiphos-methyl, an 

organophosphate, may offer the duration of vector protection needed. 

 

This SEA for IRS in Madagascar outlines the monitoring and mitigation measures that will be employed 

by PMI implementing partners to minimize or reduce any unintended adverse impacts of pesticide 

application. Those measures are summarized in the Environmental Mitigation and Monitoring Plan 

(EMMP) found in annex A. All PMI IRS operations in Madagascar will be performed according to the 

protocols and procedures found herein. These procedures do not change with the use of different classes 

of authorized pesticides, with the following exceptions:  

 

1. The cumulative effects of organophosphate exposure are stressed in training, and more emphasis 

is placed on the responsibility of team leaders and senior personnel to constantly monitor the 

appearance and behavior of their team members, and to recognize the symptoms of 

organophosphate exposure. 

2. Pirimiphos-methyl formulations are supplied in plastic bottles, which may be used 

inappropriately after emptied of the formulation if not controlled carefully, and may cause 

harmful emissions if incinerated. Because of these potential problems, the following procedures 

and protocols have been established: 

a. A triple rinse for the bottles has been incorporated during the pesticide make-up 

procedure, whereby the pesticide container is emptied into the spray tank and then three 

times it is partially filled with clean make-up water, capped, shaken, and emptied into the 

spray tank. This ensures that the pesticide container is thoroughly rinsed of pesticide, and 

is safe for handling and subsequent processing. The risk of exposure due to pesticide 

residue in the container is essentially eliminated; however, the following procedures are 

also followed. 

b. Containers are punctured multiple times to eliminate the ability to reuse the containers, 

and,  



 

 

 

c. Recycling programs have been established to turn the plastic into usable products. 

Through close supervision and chain of custody, and in partnership with the Office 

National de l’Environnment (ONE), the implementing partner will ensure that the plastic 

remains segregated from other supplies, is used for items such as oil tanks, patio 

flagstones or electrical conduit, and will not be used for products that contain 

consumables. The recycling programs have prevented many tons of carbon dioxide (CO2) 

and other potentially toxic emissions from the incineration of plastic. 

 

Malaria is a major health problem in Madagascar with about 90% of the population being at risk. Malaria 

is responsible for about 16% of all outpatient visits and 20% of all children under 5 years of age admitted 

to a hospital are diagnosed with severe malaria. It is ranked as a leading cause of under-five mortality, and 

according to United Nations Children Fund
1
, kills approximately 20,000 Malagasy children every year.

 
 

Indoor Residual Spraying with the support of PMI in Madagascar began in 2008 and covered a total of 6 

regions in the Central Highlands. In 2013-14, it is proposed to spray 14 districts (7 in the CHL and 7 in 

the South), including 143 communes (40 in the CHL and 103 in the South). 

 

Therefore the proposed actions analyzed in this document are: 

 

1. The continuation of IRS programming implementing a rotational or mosaicking technique 

using pyrethroids, carbamates or organophosphates where appropriate, based on pesticide 

resistance patterns throughout the country, and, 

2. The authorization of carefully supervised IRS within the buffer zones, but not in any core 

protected areas, of national forests, parks or habitats. There are no specific references in the 

Code de Gestion des Aires Protegees (COAP) (Madagascar Protected Areas law) to IRS or 

the application of pesticides, but in general, the buffer areas are to be managed for the benefit 

of the resident population. IRS has proven to be of great benefit to the beneficiary population, 

and the environmental health and safety record of IRS and the protocols employed provide 

good assurance that environmental harm will be negligible. 

 

The following assessment draws heavily on the Programmatic Environmental Assessment (PEA) for 

Integrated Vector Management, approved in November 2012. 

  

                                                             

 

 
1 http://www.unicef.org/infobycountry/madagascar_35699.html, 2006 data) 

http://www.unicef.org/infobycountry/madagascar_35699.html


 

 

 

Madagascar Supplemental Environmental Assessment 2013-2018 

 PRINCIPAL PROPOSALS 

1. The Madagascar Supplemental Environmental Assessment (SEA) (2009), as amended in 2010 

(amendment #1) is valid for implementing PMI-supported Indoor Residual Spraying (IRS) in all 

areas in Madagascar, using all WHO-recommended pesticides in the pyrethroid and carbamate 

classes for the period 2010-2015. 

2. In order to curtail or prevent the development of vector resistance to pyrethroids and/or 

carbamates, and to have available pesticides with a longer duration of vector mortality, the 

NMCP and PMI desire to extend the pesticide choices available for vector control using IRS. It is 

proposed in this SEA to allow for the use of WHOPES-recommended organophosphates (OPs), 

in addition to carbamates and pyrethroids. 

3. In order to increase its current inventory of protected environments and habitats, the 

Government of Madagascar (GoM) has been expanding its protected area network to meet the 

10% of the country’s land surface to meet the International Union for the Conservation of 

Nature (IUCN) standard for protected area coverage. Some of the new protected areas include 

villages, communes and fokantany that have been or are now targeted for IRS. In general, and 

nearly exclusively, these communities are in buffer zones of the protected areas, rather than in 

the core protected zone. However, the current SEA specifies that spraying will not be 

performed by PMI implementing partners within 30 meters of natural water bodies, wetlands or 

marshes, organic farming areas, beekeeping areas or national forests, parks or habitats.  

4. The human health impact of abstaining from spraying in the buffer zones is substantial, affects a 

substantial population, and may prevent PMI from realizing the stated objectives of the IRS 

program. 

5. The attached, updated Environmental Mitigation and Monitoring Plan (EMMP) for Madagascar 

(Annex A) provides detailed guidance on the performance of all activities associated with IRS. 

Through the use of this and other guidance, PMI has maintained an excellent record of success 

in executing IRS without substantial environmental or human health impact. Under IRS2, there 

have been no known or documented cases of fish, bird, or bee kills, or aquatic despoilment. 

6. It is therefore proposed to allow spraying within the buffer zones, but not the core, of 

Madagascar’s protected areas. There are no specific references in the Code de Gestion des 

Aires Protegees 2001/05 (COAP) to IRS or the application of pesticides, but in general, the 

buffer areas are to be managed for the benefit of the resident population. IRS has proven to be 

of great benefit to the beneficiary population, and the environmental health and safety record of 

IRS, and the protocols employed provide good assurance that environmental harm will be 

negligible. The core protected areas will continue to be managed for the protection of the 

environment and the specific purpose(s) for which they are dedicated. 

7. If such authorization is received, PMI implementing partners will follow all protocols and 

procedures contained within the attached EMMP. In addition, through the offices of the 



 

 

 

  

Protected Areas managers such as WWF and other stakeholders, community participation and 

supervision of IRS activities will be encouraged and promoted. 

8. It is proposed further to establish the requirements for the annual Letter Report. This SEA 

proposes that the Annual Letter Report will be sent to the Mission Environmental Officer, 

Regional Environmental Advisor, and the Africa and Global Health Bureaus’ Environmental 

Officers (BEOs) for informational purposes, but will require concurrence from the BEOs when 

it is proposed that organophosphates be used. 

9. This SEA contains an updated Pesticides Procedures section, which, together with the also-

included Safe Use Action Plan constitute the elements of a PERSUAP. 

 

Signature approval of this SEA will indicate acceptance of these proposals. Therefore, the following 

conditions will apply. 

1. All WHOPES-recommended insecticides in the pyrethroid, carbamate, and organophosphate 

classes will be eligible for IRS in all areas of Madagascar from 2013-2018, except for within the 

core zone of protected areas, and within 30 meters of other sensitive areas. 

2. Carefully supervised IRS will be allowed within the buffer zones, but not the core of 

Madagascar’s protected areas. 

3. Bureau Environmental Officer concurrence on the Annual Letter Report will be required when 

organophosphates are proposed for use. 

4. This SEA will comprise a free-standing document fulfilling the environmental documentation 

requirements of US 22 CFR 216 for PMI IRS in Madagascar from 2013-2018 unless changes are 

made to the program that are not covered or anticipated in this assessment. 

 



 

 

 

APPROVAL OF ENVIRONMENTAL ACTION RECOMMENDED  

 2013 AMENDMENT TO THE SUPPLEMENTAL ENVIRONMENTAL 

ASSESSMENT FOR PRESIDENT’S MALARIA INITIAVE- INDOOR 

RESIDUAL SPRAYING (IRS) FOR MALARIA CONTROL IN 

MADAGASCAR 

The United States Agency for International Development, Global Health Bureau has determined 

that the proposed indoor residual spraying effort, as described in the 2009 Supplemental 

Environmental Assessment: Indoor Residual Spraying for malaria control in Madagascar, as  

amended in 2010 and herein (September 2013), responds to the needs of the community and 

country as it relates to managing malaria in Madagascar, and also conforms to the requirements 

established in 22 CFR 216. 

This document does not mandate the execution of the proposed IRS, rather, it documents the 

environmental planning and impact analysis executed by the IRS team in preparation for the 

proposed action.  The design and standards of operation of the IRS program are established to 

avoid and reduce any potential impact.  USAID has concluded that the proposed action, when 

executed as described in the Supplemental Environmental Assessment and amendment(s) and 
the Programmatic Environmental Assessment for PMI IVM (2012), is consistent with the 

Government of Madagascar’s and USAID’s goal of reducing malaria incidence in Madagascar 

while minimizing negative impact to the environment and to human health.   

The proposed actions recommended for approval in this 2013 SEA Amendment are: 

1. The continuation of IRS programming implementing a rotational or mosaicking 

technique using pyrethroids, carbamates and/or organophosphates where appropriate, 

based on pesticide resistance patterns throughout the country, and, 

2. Upon appropriate approval from protected area manager and/or national authorities, 

carefully supervised IRS within the buffer zones, but not in any core protected areas, 

of national forests, parks or habitats. There are no specific references in the Code 

de Gestion des Aires Protegées (Madagascar Protected Areas law) to IRS or the 

application of pesticides, but in general, the buffer areas are to be managed for the 

benefit of the resident population. IRS has proven to be of great benefit to the 

beneficiary population, and the environmental health and safety record of IRS and 

the protocols employed provide good assurance that environmental harm will be 

negligible. 

As IRS operations are vital for the people living within the protected areas, exceptional 

authorization can be discussed with the protected area managers and/or national authorities. 

The situation in Madagascar is that each PA has its manager based on the delegation of 

protected area management provided by the Ministry of the Environment. 

Due to the need to protect the population in these areas from malaria, and given the successful 

record of PMI in implementing IRS without significant environmental consequences, it is 

proposed to allow IRS within the protected area buffer zones, using the strict protocols and 

procedures contained in the PMI Best Management Practices (BMP) manual, and observing all 

precautions and prescriptions in this SEA amendment. 
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2. BACKGROUND 

2.1 PRESIDENT’S MALARIA INITIATIVE 

Launched in 2005, the President's Malaria Initiative (PMI)2 is a five-year, $1.2 billion expansion of U.S. 

Government efforts to reduce the intolerable burden of malaria and help relieve poverty on the African 

continent. The goal of PMI is to reduce malaria-related deaths by 50 percent in 19 countries in Africa 

that have a high burden of malaria by expanding coverage of four highly effective malaria prevention and 

treatment measures to the most vulnerable populations: pregnant women and children under five years 

of age (USAID 2005). These interventions include insecticide-treated mosquito nets (ITNs), indoor 

residual spraying (IRS) with insecticides, intermittent preventive treatment for pregnant women (IPTp), 

and prompt use of artemisinin-based combination therapies (ACTs) for those who have been diagnosed 

with malaria.  

 

The 2008 Lantos-Hyde Act (H.R. 5501 (110th))3 authorized an expanded PMI program for 2009-2013. 

PMI is a key component of the U.S. Government's Global Health Initiative, which was announced by 

President Obama in May 2009. As a result, the PMI strategy (USAID 2010a) was revised to achieve 

Africa-wide impact by halving the burden of malaria in 70 percent of at-risk populations in sub-Saharan 

Africa – or approximately 450 million people. Now in its seventh year of funding, PMI has expanded to 

19 countries plus one region.  PMI, in partnership with National Malaria Control Programs (NMCP) and 

in support of country-level strategic plans, is providing technical, managerial, and commodity support for 

IRS campaigns in all 19 PMI countries. 

 

2.2 PROGRAM OBJECTIVES 

Under the GHI, the goal of PMI is to reduce the burden of malaria (morbidity and mortality) by 70% 

compared to 2006/2007 levels in the initial PMI countries. By 2015, PMI will have assisted the 

government of Madagascar in achieving the following goals in PMI-supported areas: 

 >90% of households with a pregnant woman and/or children <5 years of age will own at least one 

ITN;  

 85% of children <5 years of age will have slept under an ITN the previous night;  

 85% of pregnant women will have slept under an ITN the previous night;  

 85% of houses in geographic areas targeted for IRS will have been sprayed;  

 85% of pregnant women and children <5 years of age will have slept under an ITN  the previous 

night or in a house that has been sprayed with IRS in the last 12 months (note, because of the highly 

seasonal transmission of malaria in Madagascar , one spray round per year is thought to be enough 

to protect the community); and  

                                                             

 

 
2 See http://www.pmi.gov/ 

3 See http://www.govtrack.us/congress/bills/110/hr5501 
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 85% of government health facilities have ACTs available for treatment of uncomplicated malaria.  

2.3 HISTORY AND SCOPE OF IRS IN MADAGASCAR 

PMI has implemented IRS programming in Madagascar since 2008, with PMI’s current support for IRS 

programming in Madagascar falling within the objectives and parameters of the new 2013-2017 National 

Malaria Strategy. Regarding IRS, the National Malaria Strategy aims to implement IRS in 53 districts 

within the Central Highlands (CHL), “Fringe” District4, and the Southern and Western extension5 

regions of Madagascar.   

 

Through 2011, all IRS programming were categorized as “generalized” spraying or “blanket coverage”, 

providing IRS to as close to 100% of the eligible structures in targeted districts as possible.   This IRS 

strategy has been largely successful through the strong collaboration between PMI and the Global Fund; 

as both donors have provided funding, staff, and technical guidance towards IRS spray programs in all 

targeted districts, and planned IRS programming effectively with the Malagasy NMCP. 

 

In May, 2012, Abt Associates began implementing the AIRS Madagascar project, and continuing PMI-

supported IRS in the CHL and Southern Madagascar.  According to the National Strategic Plan, after the 

completion of four rounds of “blanket/general spraying” (or spraying all eligible structures in a district) in 

the CHL, IRS campaigns in the CHL would transition to “focalized” spraying, or the coverage of some 

communes (sub-districts) that are noted for the highest incident rates of malaria (as noted from 

Malagasy health system data).  The remaining communes in a CHL district that did not have high malaria 

incident rates would not be sprayed.  However entomological monitoring will continue in these 

communes, to assure that malaria transmission and vector density remains low.  Thus, in 2012, AIRS 

Madagascar completed “focalized” IRS in 41 communes in the CHL, spread across seven districts.   

 

In addition, in 2012, in accordance to the Malagasy National Malaria Strategic Plan, AIRS Madagascar 

continued “generalized” spraying in 95 communes spread across seven districts in Southern Madagascar, 

and completed “focalized” spraying in Tolagnaro (Fort Dauphin) district, covering five communes.   

 

Per the guidance of PMI,  the IRS campaigns in 2012-2013, marked the first time that the spray 

campaigns  in Southern Madagascar and the CHL would not be completed concurrently, with the IRS 

campaign in Southern Madagascar starting in January/February several weeks after the spray campaign in 

the CHL ended (late December).  It was intended that by completing the IRS campaign in Southern 

Madagascar in early 2013 that the insecticide sprayed in the targeted structures would remain at high 

potency before the peak of the malaria transmission around March/April.   

 

Therefore, for the 2012-2013 IRS campaigns, AIRS Madagascar performed spraying in the CHL from 

November 26, 2012 through December 31, 2012, and completed its IRS campaign in Southern 

Madagascar from February 4, 2013 to March 18, 2012.  A mop-up spray campaign in the CHL was also 

completed from February 5, 2013 to February 10, 2013 in several communities of Androva commune of 

Ankazobe district, since the area had not been sprayed in December, due to insecurity from cattle 

thefts.  A mop-up campaign was also completed in Southern Madagascar, April 12 to April 29, 2013, in 

                                                             

 

 
4 The Fringe districts consist of areas on the border with the Central Highlands, where due to the variation in elevation, 

and climactic zones, malaria transmission (with lower transmission rates at the higher elevations) and malaria seasons 

vary. 
5 The Western extension region includes districts between the west coast and the Fringe of the Central Highlands. 

Spraying has occurred in the area since 2010. 
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all districts that had not reached 85% spray coverage rates, and for any communes/Fokontany that had 

not been sprayed, due to insecurity, difficult transport, or other reasons. 

 

A brief summary of the results of the 2012-2013 IRS campaign is found below in Table 1. However, it is 

important to note that due to insecurity,  AIRS Madagascar did not spray 7 communes (Ebelo, Ranobe, 

Mahaly, Elonty, Esira, Manevy, and Tsivory communes) and 15 Fokontany located in Tanandava, Ifotaka, 

and Ranopiso communes (both located in Amboasary district).  Additionally due to insecurity, AIRS 

Madagascar did not spray in Ambatoabo commune in Tolagnaro district.  The structures in these 

communes were taken out of the overall “eligible structures found” data, and the overall spray coverage 

rate for the 2012-2013 IRS campaign. 

 

TABLE 1: SUMMARY OF 2012-2013 IRS CAMPAIGN RESULTS 

Spray Area District 

Total Number of 

Eligible Structures 

Found by Spray 

Operators 

Total Number 

of Eligible 

Structures 

Sprayed by 

Spray 

Operators 

 Total 

Population 

Protected  

CHL 

Ambatofinandrahana 12,755 12,633 87,165 

Ambohimahasoa 7,783 7,636 52,287 

Ambositra 16,186 14,912 90,396 

Anjozorobe 10,977 10,622 57,406 

Ankazobe 11,863 11,333 62,572 

Betafo 13,054 12,640 74,554 

Mandoto 17,983 17,305 97,912 

TOTALS 90,601 87,081 522,292 

Southern 

Madagascar 

Amboasary 27,328 26,587 123,048 

Ambovombe 61,864 61,068 306,052 

Ampanihy 68,506 67,830 283,752 

Bekily 37,832 37,067 153,287 

Beloha 23,789 23,332 87,592 

Betroka 35,637 34,393 160,706 

Tolagnaro 7,503 7,461 32,229 

Tsihombe 27,012 26,572 113,023 

TOTALS 289,471 284,310 1,259,689 

GRAND TOTALS 380,072  371,391  1,781,981 

 

 

Pyrethroids have been used since the inception of the IRS program in Madagascar in 2007.  In 2010 

carbamate was introduced in the Southern Region for IRS. For the 2011 spray round, Madagascar 

continued to spray using pyrethroid class pesticides deltamethrin (K-Othrine) and alpha-cypermethrin in 

two districts of the Central Highlands, and a carbamate (bendiocarb) in the fringe of central Highlands 

and South Region.  

 

Following the political crisis and coup d’état in March 2009, all U.S. Government support to the current 

Malagasy government, from the central Ministry of Health to the primary care health facility level, was 

suspended until normalization of diplomatic relations takes place.  Thereby AIRS will complete the 2013-

14 IRS campaign as its own operation, and cannot engage the Malagasy government for the completion 

of IRS activities on its behalf.  
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3. PROPOSED ACTION AND ALTERNATIVES  

This section describes the alternatives for malaria control that were considered in the preparation of 

this report, including those that were accepted or rejected. Alternatives considered include the 

following: 

 

1. Preferred action: Establish annual IRS campaigns that spray pesticides of the pyrethroid, 

carbamate, and organophosphate classes in high-risk districts and sectors identified by the 

evaluation of criteria such as transmission rate, vector susceptibility, and residual effect, 

appropriate home and wall structure, and ecological/human health impacts. 

2. No action alternative: This action would discontinue PMI support for IRS activities in 

Madagascar. 

3. Spraying in alternative geographic regions: This alternative would use different criteria to 

select alternative districts and sectors to spray.  

4. Using alternative pesticides: This alternative would consider pesticides other than those 

recommended by WHO. 

5. Alternative technologies: This alternative would consider methods other than IRS to achieve 

the stated goals of reduction in malaria mortality and morbidity. 

 

3.1 DESCRIPTION OF PROPOSED ACTION 

The preferred action is to implement an IRS program in selected communities, choosing among the 

pyrethroid, carbamate, and organophosphate classes, considering current entomological, 

epidemiological, logistical, environmental, and economic conditions. The pesticide to be used will be 

determined by a process summarized below and more fully explained in Pesticide Procedures part b. 

 

As part of the above, the preferred action may include performing IRS within the buffer zones of 

Madagascar’s protected areas. The GoM, in collaboration with Conservation partners has embarked 

upon an aggressive plan to increase the numbers and sizes of protected areas. Several of the areas now 

under protection as well as others slated for protection in the near future contain a significant 

population that would be negatively affected by a cessation of indoor residual spray in these buffer 

zones.  

 

These areas have a core protected area, with stringent regulations restricting uses, entry, and activities, 

and buffer areas with less stringent protection. In general, the buffer areas are designed to protect the 

environment while allowing sustainable use of resources. Categories V and VI even allow the sustainable 

extraction of oil and mineral resources. 

 

Due to the need to protect the population in these areas from malaria, and given the successful record 

of PMI in implementing IRS without significant environmental consequences, it is proposed to allow IRS 

within the buffer areas, using the strict protocols and procedures contained in the PMI Best Management 

Practices (BMP) manual, and observing all precautions and prescriptions in this SEA amendment. Below, 

please find a table listing some of the communities within protected areas that are proposed for 

spraying. 
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TABLE 2: PARTIAL TABLE OF PROTECTED AREAS 

REGION District Commune Population Protected Area Promoter/Manager 

Amoron'i Mania 

AMBATOFINANDRAHANA Itremo 7,376 Itremo RGB Kew 

AMBATOFINANDRAHANA Mangataboahangy 7,187 Buffer zone Itremo MBG 

Total 14,564     

AMBOSITRA Ambinanindrano 18,650 

Surounding area Corridor Forestier 
Fandriana-Vondrozo CI 

AMBOSITRA Vohidahy 6,156 

Marolambo, Surounding area Corridor 
Forestier Fandriana-Vondrozo MNP, CI 

Total 24,806     

TOTAL   39,369     

Analamanga 

ANJOZOROBE Tsarasaotra 7,187 Anjozorobe-Angavo Fanamby 

Total 7,187     

ANKAZOBE Ambolotarakely 7,708 Reserve Special Ambohitantely MNP 

ANKAZOBE Ankazobe 17,338 Reserve Special Ambohitantely MNP 

Total   25,046     

TOTAL   32,233     

Anosy 

AMBOASARY Amboasary Atsimo 32,622 Ankodida WWF 

AMBOASARY Behara 21,732 

Extension Ala Maiky Ankodida - 
Tranomaro, Complexe Behara-
Tranomaro, Extension Ala Maiky 
Ankodida-Tsimelahy WWF 

AMBOASARY Ebelo 11,631 Ekintso WWF 

AMBOASARY Ifotaka 18,989 

Ekintso, Nord Ifotaka, Extension Ala 
Maiky Ankodida - Tranomaro, Sud 
Ouest Ifotaky WWF 

AMBOASARY Mahaly 8,565 Complexe Anadabolava MBG 

AMBOASARY Marotsiraka 11,563 Complexe Anadabolava MBG 
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REGION District Commune Population Protected Area Promoter/Manager 

AMBOASARY Ranobe 6,371 Complexe Anadabolava, Ekintso MBG, WWF 

AMBOASARY Tanandava Sud 11,824 Ankodida WWF 

AMBOASARY Tranomaro 7,462 

Beteny, Extension Ala Maiky Ankodida 
- Tranomaro, Complexe Behara-
Tranomaro WWF 

Total   130,760     

BETROKA Ivahona 8,752 Reserve Speciale Kalambatritra MNP 

BETROKA Tsaraitso 5,880 Reserve Speciale Kalambatritra MNP 

Total   14,632     

TOTAL 145,392     

Androy 

AMBOVOMBE Ambanisarika 8,684 

Nord Ifotaka, Sud Ouest Ifotaky, 
Angavo WWF 

AMBOVOMBE Ambohimalaza 4,914 Sud Ouest Ifotaky, Angavo WWF 

AMBOVOMBE Ambovombe 61,788 Sud Ouest Ifotaky WWF 

AMBOVOMBE Andalatanosy 19,600 Vohipary WWF 

AMBOVOMBE Anjeky Beanatara 15,992 Sud Ouest Ifotaky WWF 

AMBOVOMBE Antanimora Atsimo 15,429 

Ekintso, Extension Ala Maiky 
Ampamalora, Angavo WWF 

AMBOVOMBE Analamary   Extension Ala Maiky Ampamalora WWF 

AMBOVOMBE Imanombo 7,332 Ekintso WWF 

AMBOVOMBE Jafaro 20,032 Vohimena WWF 

AMBOVOMBE Sihanamaro 8,467 

Extension Ala Maiky Ampamalora, 
Angavo   

Total   162,238     

BELOHA Behabobo 10,545 Marobasia WWF 

BELOHA Marolinta 13,589 Vohidefo, Site Koloala WWF, Koloala 

BELOHA Tranoroa 10,829 Marobasia WWF 

BELOHA Tranovaho 11,155 Site Koloala Koloala 

BELOHA Beloha 29,564 Anena APAPC 

Total   75,682     
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REGION District Commune Population Protected Area Promoter/Manager 

TSIHOMBE Marovato 17,360 

Site Koloala, Reserve Speciale Cap 
Sainte Marie Koloala, MNP 

TSIHOMBE Nikoly 17,171 Site Koloala Koloala 

Total   34,531     

TOTAL 272,451     

SOUTH WEST 

AMPANIHY Androka 29,297 Menarandra Forest, Plateau Mahafaly KBA, WWF 

AMPANIHY Itampolo 27,597 

Parc National Tsimanapesotse, Buffer 
zone Tsimanapesotse MNP 

Total 56,894     

TOTAL   56,894     

 

GRAND TOTAL  546,340     

      

      

      Abreviation: 
     WWF: World Wildlife Fund 

    RGB Kew: Royal Botanic Gardens Kew 
   KBA: Key Biodiversity Areas (KBAs) 
   MNP: Madagscar National Parks 

    CI: Conservation International 
   MBG Madagascar Botanical Gardens 
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3.1.1 CHOICE OF PESTICIDE 

The insecticide class selected for each campaign of a PMI-supported IRS program is dependent on a 

number of criteria:   

3.1.1.1 PRIMARY CRITERIA FOR CHOOSING PESTICIDES: 

 Approval by the World Health Organization Pesticide Evaluation Scheme (WHOPES)  

 Permitted for public health use in Madagascar  

 Residual effect for a period longer than, or equal to, the average duration of the malaria 

transmission season in the selected areas 

 Appropriate for use on the wall surfaces of the selected locations  

 Local vector susceptibility to the insecticide  

 Ecological impact  

 Human health impact  

3.1.1.2 SECONDARY SELECTION CRITERIA:  

Based on these primary factors, a request for bids is tendered in accordance with US and Madagascar  

open competitive procurement rules.  In evaluating the resulting bids, secondary criteria are considered, 

including: 

• Appropriate packaging for safety and standard delivery tools  

• Unit cost of insecticide 

• Timely delivery of the insecticide to the preferred point of delivery  

• Local representation of supplier in host country  

• Technical assistance with training and troubleshooting by supplier 

The insecticide of choice will be purchased using best procurement practices (competitive bidding and 

use of the above selection criteria outlined in bid documents). Should the economic and technical 

comparison between formulations be neutral (similar cost and vector susceptibility), then relative 

toxicity of formulations will be considered when making procurement decisions.  

3.1.1.3 PESTICIDE CHAIN OF CUSTODY 

Once the pesticide is procured, it proceeds through the following sequence: 

Pesticide Supplier  
 ׀

Quality assurance  

 ׀

Madagascar n Customs 
 ׀

Madagascar Medical Procurement and Distribution Divistion (MPDD) Stores  
 ׀

PMI District Storage (Storekeeper and Supervisor)  
 ׀
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Spray Team Leaders/Operators 
 ׀

District Storage (Storekeeper, empty containers) 
 ׀

Incinerator (Environmental Compliance Officer, Logistical Assistant) 
 

Inventory of insecticides will be taken at all shipping points. The insecticides will be freighted to 

Antananarivo airport, where the contractor’s environmental and logistics team will inspect the shipment 

and verify that the quantities supplied tallies with the request made as indicated in the way bill. The 

insecticides will then be transported in closed containerized trucks to a secure central warehouse. From 

the central warehouse, the insecticides will be transported by truck to rented warehouses in the 

proposed districts where the spray operations will commence, to be issued on a daily basis to team 

leaders and then to spray operators for IRS use. 

3.1.2 PREPARATIONS FOR SPRAY 

Prior to spraying, the contractor or implementing partner will: 

 

 Conduct preliminary logistical assessment to quantify eligible house structures, target 

population, spray equipment, insecticide, and spray teams and identify suitable sites and 

facilities for pesticide storage and disposal of effluent waste. 

 Develop selected sites for year-round and temporary storage of IRS equipment and 

insecticide, and construct effluent waste disposal facilities as necessary. 

 Identify sensitive areas (water bodies, protected habitat, aquacultural activities, etc.) to avoid 

during IRS.  

 Promote acceptance of IRS in the targeted communities through information, education and 

communication (IEC) activities. Households have the opportunity to “opt-out” of 

participation in IRS after hearing the IEC messages on benefits and risks. 

 Train spray teams in a variety of positions, including site managers, team leaders, spray 

operators, overalls washers, site attendants, security guards, and water fetchers. 

 Procure, transport, and store all necessary spray and personnel protective equipment (PPE), 

insecticides, and consumables 

 Implement the Environmental Mitigation and Monitoring Plan (EMMP) in Annex A of this 

SEA Amendment #2 throughout all processes. 

 

3.2 NO PROJECT ALTERNATIVE 
Indoor Residual Spraying is one of the critical interventions in the control of the spread of malaria. A no 

project alternative will result in rising rates of infections, transmissions, mortality and morbidity due to 

the increased prevalence of infected vectors. Therefore, the no action alternative does not meet the 

overall goal of the Madagascar National Malaria Control Program and President’s Malaria Initiative, 

which is to reduce malaria mortality by 50% in up to 15 countries (total population: 175 million) in sub-

Saharan Africa in five years. 

3.3 ALTERNATIVE IRS GEOGRAPHICAL SITES CONSIDERED 

In IRS implementation in Madagascar, areas considered as highly malarious and those areas that fit within 

the NMCP strategic plan are considered, while lower risk areas are not considered for IRS as an 

intervention. Using different criteria for selecting geographical sites would reduce the effectiveness and 
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impact of IRS, decreasing progress towards the goals of the Madagascar National Malaria Control 

Program and the PMI program. 

3.4 USE OF ALTERNATIVE INSECTICIDE(S)  

For IRS to be implemented, a pesticide approved by World Health Organizations (WHO) under the 

World Health Organization Pesticide Evaluation Scheme (WHOPES) must be selected for use. 

WHOPES is the institution that analyses and recommends the pesticides that should be used in IRS 

based on their effectiveness, cost, and toxicity to human health and the environment. 

To date WHOPES has approved the use of pesticides within the following four classes of pesticides: 

pyrethroids, carbamates, organochlorines and organophosphates. Currently, there are no other 

pesticides eligible for use in PMI-sponsored IRS, so deliberations were confined to the WHO-approved 

pesticides.This proposed action for Madagascar includes the use of organophosphates, carbamates and 

pyrethroid formulations. The proposed action excludes the use of DDT.  

3.5 ALTERNATIVE TECHNOLOGIES 

A full range of known, available technologies is continually considered for use by the stakeholders in the 

malaria prevention and control efforts. It has been determined that IRS plays a significant part in malaria 

prevention in concert with those other technologies.6 The specific focus of this PMI effort and the role 

that PMI plays in Madagascar includes IRS. If other, viable approaches were to arise that would replace 

or improve upon the role that IRS plays, the National Malaria Control Program, PMI and its partners 

would evaluate them and proceed accordingly. 

  

                                                             

 

 
6 PRESIDENT’S MALARIA INITIATIVE Malaria Operational Plan (MOP) Madagascar FY 2013 
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4. AFFECTED ENVIRONMENT - 

MADAGASCAR  

This section describes the environments and ecosystems that could be adversely affected in the 

implementation of the IRS program if adequate and necessary mitigation measures and monitoring are 

not put into place. These critical ecosystems or activities include surface water bodies (lakes, river, 

groundwater, marshlands and wetlands), air, soils, and economic and sustenance activities including 

agriculture, apiculture, fisheries and organic farming that might be adversely affected by application of 

pesticides. 

4.1 OVERVIEW OF MADAGASCAR  

4.1.1 POSITION AND SIZE 

Madagascar is the world's fourth largest island and an island continent. It is 1,600 km long, up to 500 km 

wide, and has a surface area of 587,000 km2, making it a little larger than France. Its coastline of 5,000 

km is fringed with some 260 small islands. Now laying an average of 500 km from the East African coast, 

Madagascar originally formed part of the Gondwana super-continent. The joint land mass made up of 

Madagascar and India then broke off from the African mainland around 180 million years ago during the 

late Middle Jurassic period. Madagascar split from India around 80 million years ago in the Late 

Cretaceous period and has since occupied its present solitary position in the Western Indian Ocean. 

4.1.2 ADMINISTRATIVE AND POLITICAL UNITS 

Madagascar is currently divided into 22 regions (faritra) created in 2004. These formerly second-tier 

administrative divisions became the first-level administrative divisions when the former six provinces 

were dissolved on 4 October 2009. But in the new constitution, adopted in 2010, six autonomous 

provinces are listed again.7 The regions are further subdivided into 116 districts, 1,548 communes, and 

16,969 fokontany. The major cities have a special status as "commune urbaine", at the same level as the 

districts. 

TABLE 3: PROVINCES AND REGIONS IN MADAGASCAR 

Provinces Regions 
Antananarivo (1) Analamanga, Bongolava, Itasy, Vakinankaratra 
Antsiranana (2) Diana, Sava 
Fianarantsoa (3) Amoron'i Mania, Atsimo-Atsinanana 
 Haute-Matsiatra, Ihorombe, Vatovavy-Fitovinany 
Mahajanga (4) Betsiboka, Boeny, Melaky, Sofia 
  

Toamasina (5) Alaotra Mangoro, Analanjirofo, Atsinanana 
  
Toliara (6) Androy, Anosy, Atsimo-Andrefana, Menabe 
  

                                                             

 

 
7 Art. 5 of the Constitution 
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FIGURE 1: MAP OF REGIONS AND DISTRICTS 
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4.1.3 POPULATION 

According to the World Health Organization, Madagascar's population is 22,599,098 (July 2013 est.)8, 

and has been growing at an average rate of 2.9 percent per year since 1990. The population of 

Madagascar is mainly concentrated in the central highlands (about 75 percent) with the highest densities 

occurring south of Fianarantsoa along the east facing slopes. In the west, populations are sparse except 

in the big coastal towns, which now account for about 10 percent of the total population. 

4.2 PHYSICAL ENVIRONMENT 

4.2.1 CLIMATE 

Madagascar lies in the tropical and subtropical marine region of the Western Indian Ocean. Spanning 

almost 14° of latitude, mean open water surface water temperatures range between 22° and 28° C, with 

minimum temperatures in August and maximum temperatures in February (Cooke et al., 2000). The 

extreme south of Madagascar is affected by nutrient rich, cold waters rising from the south. 

Madagascar's marine and coastal environments may be split into two basic zones — east and west. 

4.2.2 RAINFALL PATTERNS IN MADAGASCAR 

The east coast is wet for much of the year as it is exposed to the trade winds, which are forced to rise 

as they meet the steep eastward-facing escarpment. Tamatave has an annual rainfall of 3,500 mm/140 in 

falling on 240 days a year. 

Most of the east coast receives over 2,000 mm/80 in annual rainfall as does another small area in the 

northwest around Diego Suarez. Rainfall is lower on the interior plateau and decreases to the west and 

south. 

The lowlands in the southwest of the island only receive between 400-800 mm/16 -32 in of rain a year, 

mostly falling between December and March. The central plateau areas receive an annual rainfall 

intermediate between these extremes, varying between 1,000 mm/40 in and 1,500 mm/60 in. 

Most rain here falls between November and March, much of it in heavy downpours associated with hail 

and thunder. The rainfall during the rest of the year is mostly very light and sporadic. On the plateau 

temperatures fall to moderate levels during the dry season and the nights may be chilly, but frost only 

occurs on the highest mountains 

4.2.3 TOPOGRAPHY, GEOLOGY AND SOILS 

Madagascar is made up of an ancient Pre-Cambrian crystalline basement in the form of a lozenge aligned 

southwest-northeast, which has been tilted to create an escarpment along its eastern edge, and overlaid 

in the west by millions of years of accumulated sediments forming a western sedimentary plain. The 

continental shelf is mostly narrow and steep in the east with a shallow shelf sloping in the west. The 

eastern side is bathed in moist trade winds, while the west is mainly dry and the southwest arid, all of 

which create a large range of climatic conditions and diversity of habitats. 

Ferruginous and ferralitic soils represent almost 70 percent of the total national area. A further 27 

percent of the national territory is characterized by mineral soils in the highlands, western watershed 

and the far south. The remainder comprises calcimorphic, halomorphic (saline) and hydromorphic 

(peats) soils. 

                                                             

 

 
8 https://www.cia.gov/library/publications/the-world-factbook/geos/ma.html, accessed 9/4/2013 

https://www.cia.gov/library/publications/the-world-factbook/geos/ma.html
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FIGURE 2: PROTECTED AREAS 

 
 

Note: Because of ongoing re-classification and additions of protected areas, this map is subject to frequent change.  
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4.3 BIOLOGICAL ENVIRONMENT 

Due to its isolation, Madagascar has developed a unique fauna and flora derived from forms present on 

the island at its separation and from numerous subsequent accidental colonists. It is best known for the 

lemurs, primitive primates related to the bush babies of Africa that have diversified into numerous forms 

(more than 32 taxa), some already extinct. Similar patterns of radiation are known for the birds (vangas), 

and, indeed, for many other plant and animal groups. The level of endemism of the native flora and fauna 

is high — an average of about 80 percent for all taxa at the species level, with many genera and even 

families unique to the island. Referred to a "laboratory of evolution," Madagascar is one of the world's 

mega-diversity countries and Africa's highest conservation priority. 

However, IRS activities will not affect these unique biodiversity and ecological zones that are under the 

legal protection status under the government of Madagascar. Mapping of settlements will be established 

during the reconnaissance and logistics assessment studies and structures near sensitive habitats will be 

excluded from IRS activities. 

4.3.1 ECO-REGIONS IN MADAGASCAR 

4.3.1.1 FRESH WATER ECOSYSTEMS AND WETLANDS 

There appear to have been only limited attempts to classify Malagasy wetlands into distinct eco-regions 

(see summary in IUCN/UNEP/WWF, 1987). Starmuhlner (1979) separates freshwater mollusc 

distribution into three bioclimatic regions: 

 The steppe-like Central High Plateau 

 The eastern slopes of the High Central Plateau 

 Southeastern and western areas where surface waters are richer in salts. 

Malagasy wetlands are divided into five categories, some of which are subdivided further on the basis of 

geographical distribution. 

Madagascar straddles two major climatic systems. Eastern Madagascar lies in the tropical rainforest belt 

while southwestern Madagascar lies in the belt of dry climate that runs across the southern Indian 

Ocean from Australia to Southern Africa. Thus, within one country annual rainfall varies from more than 

4,000 mm in the northeast (Masoala, Mananara) to less than 100 mm in the southwest. This large range 

in rainfall together with variations in physical relief and geology, generate a diversity of freshwater and 

wetland ecosystems.. 

Madagascar's freshwater and wetland ecosystems are of exceptional importance for biodiversity in view 

of the high numbers of aquatic species and high levels of endemism, particularly in relation to fishes, 

other freshwater aquatic fauna and the dependence on wetlands of certain endemic birds and global 

populations of migratory birds. 

Of the 92 endemic species of freshwater fishes known to date (141 total known species), about 45 are 

threatened, 20 endangered and 9 extinct, or likely to soon become extinct (Stiassny & Sparks in press). 

The disappearance of endemic fish species from wetlands or lakes is a widely reported phenomenon 

(e.g., Watson 1993 at page 26 for the principal lakes in the Manombolo-maty complex) although not 

systematically evaluated. The majority of intact freshwater ecosystems occur within or close to 

remaining areas of primary forest.  

The volcanic lakes of Mont Passot, Nosy Be island, northwest of Madagascar, and some lakes on Ile 

Sainte Marie (east Madagascar) have so far escaped the introduction of exotic species and are of critical 

importance for the conservation of certain fish species (CAMP, 2001). 
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Wetlands in general exhibit a lower level of endemism for birds than forests: 30 percent as opposed to 

70 percent for forests (Langrand & Wilme 1993). Madagascar's wetlands in fact contain one primate 

taxon, 16 water bird species, and at least 43 fish species that are found nowhere else in the world. 

Western Malagasy wetlands have been identified as an endemic bird area by Bird Life International. 

These wetlands are the unique habitat of one critically endangered bird, the Madagascar Fish Eagle; two 

endangered ones: the Sakalava rail and the Madagascar teal; two vulnerable birds: Humblot's heron and 

the Madagascar plover; and one unevaluated but probably critically endangered bird species: the 

Madagascar Sacred Ibis. Western Malagasy wetlands support several globally significant migratory bird 

populations (ZICOMA 1999). 

The presence of these species and the immediate and considerable threats to them place the Western 

Malagasy Endemic Bird Area in the highest priority Bird Life category ("critical") for conservation action, 

making them one of the most important wetland conservation priorities in the world. 

For given taxonomic groups of freshwater fauna, Madagascar is often rich in species as compared with 

Africa. For example, Madagascar has more than 500 species of aquatic insects of the family Trichoptera 

(caddis flies) whereas middle-Africa has around 200. For the Philopotamidae, 90 species are known from 

Madagascar, whereas just 15 have been reported for Southern Africa (Gibon, 2000). Levels of endemism 

are also high — only one of 144 species of mayflies (Ephemeroptera) is not endemic (Elouard & 

Oliarinony). Further such examples can be expected and are due to the high diversity of aquatic 

environments and degree of isolation among Madagascar's freshwater ecosystems, especially on the 

eastern escarpment. 

For the fishes, the indigenous Madagascar fish fauna is as species-rich as would be expected from the 

island's size, with 141 species and 91 endemic species, many of which have highly localized distributions 

(Stiassny & Sparks in press). Certain elements of the freshwater fauna show altitudinal variation (e.g., the 

Philopotamid insects). Thus, species at lower altitudes are especially threatened since the effects of 

disturbance to water courses are cumulative. The aquatic insect fauna of the eastern escarpment shows 

a high degree of micro-endemism, i.e., species have very small ranges. In the west, species are fewer in 

number but more widespread; some are restricted to the middle reaches of rivers where hydrological 

conditions are more constant (Gibon, 2000). 
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TABLE 4: RAMSAR SITES OF MADAGASCAR9 

9 Ramsar Sites, 1,175,011 hectares  

Name Date of Designation Region Size (ha) Geographic Coordinates 

Complexe des lacs de 

Manambolomaty 

25/09/98 Mahajanga 7,491 19º01’S 044º24’E 

Lac Kinkony 5/6/2012 Mahajanga 13,800 16°08’S 045°49’E 

Lac Tsimanampetsotsa 25/09/98 Toliara 45,604 24º07’S 043º45’E 

Le Lac Alaotra: les 

zones humides et 

bassins versants 

9/9/2003 Ambatondrazaka 722,500 17°28’S 048°31’E 

Marais de 

Torotorofotsy avec 

leurs bassins versants 

2/2/2005 Toamasina 9,993 18°52’S 048°22’E 

Parc de Tsarasaotra 9/5/2005 Antananarivo 5 18°52’S 047°32’E 

Rivière Nosivolo et 

affluents 

17/09/10 Toamasina 358,511 20°03’S 048°07’E 

Zone humide de 

Mandrozo 

5/6/2012 Mahajanga 15,145 17°32’27”S 044°05’47”E 

Zones humides de Bedo 12/5/2007 Toliary 1,962 19°57’S 044°36’E 

 

4.3.2 RIVERS 

Rivers flowing eastward from the Central High Plateau are relatively short. Flow speed and turbidity on 

the Plateau are variable depending on relief and land use patterns. Eastern rivers are fast flowing on the 

upper slopes of the Plateau, and traverse a variety of substrates including rocks, gravel, sands and 

laterite. Where vegetation cover is dense, the rivers are generally clear. 

The rivers slow in the foothills and on the coastal plain, becoming more acid and releasing increased 

quantities of sediment. Marshy fringes may develop. Several major rivers have one or more locally 

endemic fish. Many are also important for the endemic Meller's duck (Anas mailer), a high conservation 

priority. 

Many western flowing rivers are long, with the longest including the Betsiboka, Loza, Mahavavy, 

Manambolo, Tsiribihina, Mangoky and Onilahy. Their habits on the High Central Plateau resemble those 

of the eastern flowing rivers. Some carry significant sediment load by the time they traverse the western 

reaches of the Central High Plateau but extensive sand deposition is a characteristic feature of rivers 

                                                             

 

 
9 http://www.ramsar.org/cda/en/ramsar-documents-list/main/ramsar/1-31-218_4000_0__, accessed 9/5/2013 

http://www.ramsar.org/cda/en/ramsar-documents-list/main/ramsar/1-31-218_4000_0__
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flowing across the lower peneplains and coastal plains. Dense stands of Phragmites grasses and Pandanus 

are common along many of the banks. Smaller rivers (but some more than 100 km long) stop flowing 

during the dry season, especially in the south. 

The Pangalana 

This waterway parallel to much of the east coast has generally clear; acidic waters with low 

sedimentation. In places, some native forest cover remains but most surrounding areas have been 

cleared. Floating vegetation is rare, and the banks are often lined by sedges, Raffia palms, Pandanus and 

tall taro-like plants (Typhonodorum) endemic to the county. 

Marshes 

Marshland in the Eastern moist forests occurs along rivers where flow is restricted by natural 

bottlenecks. Most are relatively small but larger sites occur within the Cuvette d'Andapa in the 

northeast, at Didy and Torotorofotsy in the center-east, and north of Ranomafana National Park. The 

water is generally acid and the vegetation low (0.5-1m). At least some of these sites are important for 

endemic species with restricted geographical ranges or for others that are believed to be rare, such as 

the Slender-billed flufftail (Sarothrura waters ;). 

The most extensive marshes occur at Lake Alaotra, with two types distinguished: permanent fringing 

marshes, and waterlogged meadows. The permanent marshes are dominated by sedges and Phragmites, 

and may reach a height of 3 m. Western marshes fringe rivers and lakes. The dominant vegetation is 

Phragmites and Pandanus. Marshes are drained for riziculture wherever it is possible. Those that remain 

in the east are generally those that are remote or difficult to drain. 
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FIGURE 3: RIVERS AND COASTAL FEATURES OF MADAGASCAR 

 



 

 
 

4.3.3 LAKES 

Madagascar's principal tectonic lake is Lake Alaotra in the northern part of the central highlands, with an 

area of 22,000 ha and some 20,000 ha of marshes. During flooding, the lakes can extend to 800 km2; it 

has been used to irrigate 117,000 ha of rice paddies. Severe sedimentation from hill burning combined 

with over fishing, agricultural run-off, acidification, (Pidgeon, 1996) and the introduction of exotic 

species, have altered the lake's ecosystem, resulting in a massive reduction in habitat for species such as 

the Alaotra gentle lemur, two rare birds — the Madagascar pochard and the Madagascar grebe — and 

for unknown numbers of aquatic species. The population of Aloatra gentle lemurs has declined from 

10,000 in 1990 to 3,000 in 2001. The pochard has not been seen since 1991. Sedimentation has led to 

drainage problems on the cultivated plains, and fisheries' yields declined from around 3,000 tons in 1990 

to just 700 tons in 2000 (DWCT 2001). 

Madagascar's principal plains lakes lie in the western sedimentary plain, the major lakes being Kinkony 

and Ihotry. The plains lakes and surrounding marshes are threatened by conversion to agriculture, 

pasture, and bush fires, over fishing and introduced exotic species. Volcanic lakes are typically deep and 

steep sided. The principal threats are over-fishing and the introduction of exotic species. 

Alaotra in the center-east is the largest lake, comprising extensive, shallow open waters bordered in 

many places by marshes. Several smaller lakes occur in the same region, but lakes are otherwise rare on 

the Central High Plateau and the east. A number of endemic species are confined to Lake Aloatra or its 

marshes, including the Alaotra bamboo lemur (Ha palemur griseus alaotrensis). 

Nosy Be. Lakes created by volcanic activity also occur in the center around the Ankaratra Massif. 

These lakes and some of the rivers in the region are important sites for locally endemic fish. 

Lake Kinkony in the northwest has a depth of 1-4 m and may expand during the wet season to cover 

up to 10,000 ha, and link up with smaller neighboring lakes. It is also periodically breached by the 

Mozambique Channel. The lake is believed to be the most important in the west for endemic fish. 

Several lakes occur in the mid-west. The largest is the shallow Bemamba on alluvial substrates where 

extensive water meadows and marshes have been partly transformed into rice paddies. A series of lakes 

to the south includes Ankerika, Antsamaka, Soamalipo and Befotaka within the Manambolomaty 

Complex. 

These lakes are included in one of the first two sites classified as a RAMSAR site in Madagascar. The 

Complex comprises seasonally dry forests, mangroves and the lakes immediately west of the Tsingy de 

Bemaraha. The physical and chemical nature of the lakes varies in this geologically complicated area 

including sandstone, basaltic and sandy areas. 

Antsamaka is a salt lake that may reach a depth of 3 m during the wet season, but may dry completely 

after prolonged periods of no rainfall. The other lakes in the complex are fresh water with a depth of 3-

6 m depending on the season. Some rice cultivation occurs on the fringes of the freshwater lakes. The 

Complex is one of the most important centers for aquatic birds, including the rarely observed Sakalava 

rail (Amaurornis olivieri) and the Madagascar teal (Anas bernieri). It is also an important nesting site for 

Madagascar's endemic fish-eagle. 

Numerous small lakes occur on the sandy coastal plains around Morondava. Some evaporate completely 

towards the end of the dry season, but permanent lakes are important for aquatic birds and the endemic 

freshwater turtle, the "Rere" (Etymnochelys madagascariensis). 

Ihotry is the largest lake in the southwest. Mashes dominated by Phragmites and sedges are little 

developed around the shallow waters. Deliberate fires present a threat of accelerated sand deposition in 

the lake. 
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Lake Tsimanampetsotsa is a soda lake on the coastal plains south of the Onilahy River in the 

southwest. It is one of the nine Ramsar sites in Madagascar. The lake is shallow and its area fluctuates 

considerably depending on the amount and frequency of rain. Tsimanampetsotsa is the only remainder 

of a once more extensive coastal lake system in the southwest. This system appears to have been 

diminishing over the last 1,000-3,000 years as aridity increases. 

FIGURE 4: LAKES OF MADAGASCAR 
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Underground systems 

Underground rivers occur in several limestone areas. The best known are those in the Ankarana Massif 

where cave systems are extensive. An additional system in the southwest is inferred from water-filled 

caves at the foot of the limestone plateau, and from sinkholes. These underground systems comprise 

unique ecosystems. 

Threats to Wetland Ecosystems 

Many wetland areas are under serious threat, especially as they are exploited for agriculture, in 

particular rice production. Agriculture and other land use practices also cause problems through soil 

erosion and sedimentation and through pollution from fertilizers. 

Native fish populations have declined dramatically following the introduction of exotic species. The 

latter include carnivorous and herbivorous fish that are predators or competitors, and the invasive 

Water hyacinth (Eichhomia crass ipes). 

Hunting is also an important pressure. Combined with the threats noted above, it has led to the 

probable extinction of two endemic birds that were restricted to Lake Alaotra and its satellite lakes. 

4.3.4 COASTAL AND MARINE ENVIRONMENTS/ECOREGIONS 

Madagascar has more than 5,000 km of coastline comprising diverse habitats and ecosystems. In bio-

geographical terms Madagascar is near the western edge of the Indo-Pacific Marine Ecoregion. Within 

this, the IUCN places Madagascar in the East Africa Marine Ecoregion comprising the entire tropical east 

coast of Africa, Madagascar and all other tropical and subtropical Western Indian Ocean Islands. 

Participants at the scientific workshop held to define ecoregions for the Protected Area Network 

identified five distinct zones within the coastal and marine ecoregion. A sixth was added following 

consultation with marine experts and all are used in the current Plan. These ecoregions are based on 

physical and biological features common to a given area, and do not necessarily imply distinctive 

bioclimatic and physical entities. 

Coral reefs are best developed in the northwest and southwest where more that sixty genera have 

been recorded. Smaller coral areas occur along the west, southern, southeastern and northeastern 

coasts, with the largest on latter occurring at Ile Sainte Marie, Mananara-Nord and the Masoala 

Peninsula. Barrier; fringing and patch reefs are well developed in the northwest and southwest, and the 

latter system is among the largest coral areas in the world. 

Lagoons and seagrass beds are widespread in many areas, although they are perhaps most common 

in the northwest and southwest. 

Madagascar has over 250 small islands and islets. More than half of these occur in the northwest. 

Their geophysical origins are diverse, and the largest are the volcanic Nosy Be in the northwest and lie 

Sainte Marie comprising sandy soils and metamorphic basement rocks. Islands are important also for 

their associated coral and lagoon development. 

Mangroves are most extensively developed on the west coast, with the majority of the largest stands 

found in the northwest and north, but large blocks occur in the west and southwest. From north to 

south, the largest blocks of mangroves occur between Ambilobe and Ambanja, and at the estuaries of 

the Loza, Mahajamba, Betsiboka, Mahavavy, Manambolo, Tsiribihina and Mangoky Rivers. Some of these 

are among the largest in the Western Indian Ocean. Mangroves are rare or absent in the extreme 

southwest where species diversity may also be reduced. The most diverse mangroves comprise 11 or 

12 tree species. 

On the east coast, the Madagascar current flows southward parallel to the shore, preventing the 

development of broad estuaries. Coupled with the existence of only relatively small rivers on the east 
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coast, favorable conditions for mangrove development are limited. An estimated 5,000 ha of mangroves 

occur on this seaboard, principally in the northeast. 

The six selected eco-regions divide the coast and near coastal seas into zones sharing a common suite of 

features. They are therefore used only to conveniently divide the coast for protected area decision-

making, and may require modification as more biological and physical information becomes available. The 

six marine and coastal eco-regions are: 

Northern Marine and Coastal Ecoregion 

This Ecoregion is defined on the basis of extensive coral reef and lagoon development, and on the 

abundance of small islands and islets. Mangroves are also important. The archipelagos of Nosy Hara and 

Nosy Mitsio are among the most interesting sites, but other islands and the larger mangroves are also 

important. Additional priorities for this ecoregion are conservation of coral reef and lagoon ecosystems, 

and protection of seabirds, marine turtles and marine mammals. The region has a high ecotourism 

potential. 

Western Marine and Coastal Ecoregion 

This Ecoregion is characterized by extensive sandy beaches, occasional rocky shores, and broad 

estuaries. The latter support extensive networks of mangroves. Reef development is patchy and islands 

are infrequent. The highest priority localities are the Manambolo River mangroves, the Mahavavy River 

estuary, the Kirindy Mitea coast and the Barren Islands, especially Nosy Mavony. 

Southwestern Marine and Coastal Ecoregion 

The Southwestern Zone comprises a variety of habitats. The dominant feature of the zone is the 

extensive reef systemi one of the largest in the world. Other important features of the Ecoregion 

include extensive lagoons, mangroves and long beaches. The highest priority localities comprise the 

Mikea Coast and Nosy Be with its surrounding coral reefs and lagoons. 

Southeastern Marine and Coastal Ecoregion 

The Ecoregion was differentiated from its southwestern neighbor by its less extensive coral and lagoon 

development, and its exposure to prevailing southerly and southeasterly winds. Coral is largely confined 

to rocky shores and shallow undersea shelves. The most important site is at Lokaro - Sainte Luce where 

coral formations are among the best developed in the Ecoregion. 

Eastern Marine and Coastal Ecoregion 

This Ecoregion comprises long beaches interrupted only by river mouths. The influence of the 

Madagascar Current is evident from the straightness of the coastline. The Pangalana occurs a short 

distance inland from the coast. No potential protected area sites are identified in the Ecoregion, but 

some conservation activities in favor of marine turtles are desirable given the extent of exploitation. 

Northeastern Marine and Coastal Ecoregion 

This Ecoregion differs from the previous zone in having a more varied coast, more numerous islands, 

and greater coral reef development - especially around islands, Foulpointe and the Masoala Peninsula. 

Site priorities are Nosy Mangabe, Nosy Atafana, and the Masoala Peninsula coast. Additional 

conservation activities may be required to ensure that breeding whales are undisturbed. 
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FIGURE 5: MARINE AND COASTAL ECOREGIONS 
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4.3.4.1 PROTECTED AREAS 

Marine and coastal protected areas that exist already include Mananara (Nosy Atafana) National Park 

within the Mananara-nord Man and Biosphere Reserve together with three marine parks incorporated 

within the Masoala National Park. All are in the northeast. Manombo Special Reserve in the southeast is 

also coastal but has so far involved only forest conservation. 

The island of Nosy Tanikely has been declared a protected area by the authorities on neighboring Nosy 

Be, but has no legal status. In the southwest, the village of Anakao has agreed to set aside two small 

areas of coral, lagoon and the island of Nosy Be for conservation and tourism. A recent initiative to 

develop new marine national parks within Man and Biosphere Reserves includes Nosy Be and the Nosy 

Hara archipelago in the northwest. 

Marine and coastal ecosystems are clearly under represented in the existing national protected area sys-

tem. Those that exist protect a small fraction of the country's coral reef, lagoon, mangrove and littoral 

forest ecosystems. 

4.3.5 HIGH MOUNTAINS ECOREGION 

The High Mountains Ecoregion comprises several localities within Madagascar. One of the most 

extensive areas occurs in the north in the region of the Tsaratanana Massif, the highest mountain in the 

country. Another northern site exists further east on the Marojejy Massif. 

Extensive High Mountain habitats once occurred south of present-day Antananarivo on the Ankaratra, 

Itremo and Angavo Massifs. Most of the original vegetation has however been transformed to secondary 

formations. 

The Andringitra Massif is a High Mountains zone in the southeast, and some smaller localities exist in the 

extreme southeast on the highest points of the Anosyenne Mountain chain. 

High Mountain localities are those on land over 1,900 m in altitude. This is the approximate elevation at 

which the characteristically low thicket typical of the Ecoregion is likely to appear. However, it may 

occur at lower altitudes if climatic and soil conditions are suitable, and conversely montane 

sclerophyllous forest may occur at and above this nominal altitude. In addition, intact High Mountains 

zones generally have a high degree of local faunal endemicity that extends across a broader elevational 

band than that defined by the typical vegetation type found at the highest altitudes. 

For this reason it is better to consider each High Mountains site as more than just the extreme summit 

areas. In some cases, such as Anjanaharibe-Sud, land over 1,900m altitude does not support a High 

Mountains vegetation type. However, other peaks above this altitude in the Northern Mountains 

Ecoregion are poorly known, but may support a High Mountains type of vegetation. 

4.3.5.1 HABITATS, DIVERSITY AND ENDEMISM 

Much of the defining natural habitat in this Ecoregion comprises low thicket reaching approximately 1 - 3 

m in height. The most exposed areas or those with thin soils may support grasslands rich in terrestrial 

orchids and other shrubs. The Ericaceae is among the dominant plant families. 

High Mountain localities typically have a distinctive fauna that is frequently shared by other similar sites. 

However, several sites are known to have an elevated local endemism, particularly among reptiles and 

amphibians. Most notable are the Tsaratanana, Marojejy and Andringitra Massifs. These sites exhibit 

some of the highest levels of herpetofaunal diversity in the country. Andringitra is also an exceptional 

site for diversity among small mammals and primates, the latter including two bamboo lemurs that are 

restricted to the local area. 
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In general, locally endemic species associated with these High Mountains sites extend below the defining 

vegetation type. Thus for the fauna a given site may be better associated with the massif in question, 

rather than a narrow high altitude band. 

4.3.5.2 PROTECTED AREAS 

The Tsaratanana, Marojejy and Andringitra Massifs, and the highest points of the Anosyenne Mountain 

chain, are largely or partly within protected areas. However, the uniqueness of environments in this 

Ecoregion, and the high levels of diversity and endemism justify further protected area coverage. It is 

thus recommended that the following actions be evaluated. 

Tsaratanana Massif: recent evidence suggests that this site may be one of the richest localities for 

reptiles and amphibians, and it has a rich variety of forest and high altitude habitats. The Tsaratanana 

Strict Nature Reserve provides only partial legal protection for the higher elevation areas, and it may be 

of value to extend it. 

Natural vegetation areas at higher altitudes between Tharatanana and Marojejy – 

Anjanaharabe Sud protected areas: numerous high peaks occur in this area that may be crowned at 

their summits by High Mountains habitats distinct from the more extensive forest cover at lower 

altitudes. As these may be important centers of endemism and or diversity, measures to provide 

adequate protection may be required within an ecoregional conservation and development program. 

4.3.6 CENTER ECOREGION 

The Center Ecoregion is similar to the Central Domain of Humbert & Cours Dame (1965) and the 

Central Ecoregion of Schatz (2000), with the exception of the Northern Highlands described earlier. It 

has been separated from the Northern Highlands based on recent animal distribution information and 

because it differs in comprising only relatively small and isolated forest blocks, rather than the larger and 

more continuous forests typical of the Northern Highlands Ecoregion. 

The western boundary of the Ecoregion is defined by the 800 m contour of the edge of the Central 

High Plateau. In the extreme north, the Ecoregion includes the Foret d'Ambre Special Reserve and 

Montagne d'Ambre National Park. The southern limit follows that of Du Puy & Moat (1996). This model 

differs from the ecoregion definition proposed by Schatz (2000) which extends the Center (Sub-humid) 

to include Ankarana, Analamerana and Analavelona. 

4.3.6.1 HABITATS, DIVERSITY AND ENDEMISM 

Virtually all of the natural vegetation of the Center Ecoregion has been cleared or modified by human 

activities. Recent studies indicate that habitats were a patchwork of sub-humid evergreen forests 

interspersed with more open woodland, but some botanists dispute the postulated extensiveness of the 

latter. 

The climate shows a tendency to become drier towards the west and the south, and some 

deciduousness occurs in the remaining natural forest remnants. Species composition varies significantly 

from north to south and from east to west in the Ecoregion. Mist and fine rains generate distinct micro-

climates in parts of the eastern sector and tampoketsas (poorly drained elevated plateaus) within the 

ecoregion. 

While the Center is generally considered to be an Eastern Biome Ecoregion, several western or 

southern animal species are to be found, including the Sifaka (Propithecus verreauxi deckeni) and the 

Ring-tailed lemur (Lemur catta). 

Most of the remaining natural habitat is now confined to the high tampoketsas, valleys protected from 

fires, rocky areas and steep slopes. The most important forest areas occur at the Tampoketsa 

d'Ankazobe (Ambohitantely) in the center, Ambohijanahay on the Bongolava uplift on the northwestern 
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edge of the Central High Plateau, the Isalo and Betandraka sandstone massifs in the south-center, and 

Kalambatritra towards the southeastern limit of the Ecoregion. The forest band spanning Madagascar's 

eastern escarpments occur in both the Eastern and Center Ecoregions. 

Other areas sometimes referred to as natural habitats are those dominated by the fire-resistant Tapia 

(Uapaca sp.). However, these are habitats highly modified by fire and possessing low species diversity. 

4.3.7 SOUTHERN ECOREGION 

The Southern Ecoregion has the driest climate in Madagascar. It is bordered by the Eastern, Center and 

Western Ecoregions. The transition between the Southern and Eastern Ecoregions is rapid. The 

transitions with the Western and Center Ecoregions appear to be less marked, perhaps explaining the 

differences in existing models of biogeography. 

Rainfall is mostly restricted to a short wet season of no more than four months and may be erratic in 

the driest areas where droughts are frequent. The entire Ecoregion is arid or sub-arid. 

4.3.7.1 HABITATS, DIVERSITY AND ENDEMISM 

The natural habitats in the Southern Ecoregion vary as a function of substrate type and bio-climate. The 

wettest areas along the northern and eastern edges of the Ecoregion support the tallest vegetation, 

except along river valleys throughout the Ecoregion where gallery forests occur. It is perhaps most 

convenient to consider the Southern Ecoregion as a series of distinctly different habitat sub-regions. 

These are: 

The Mikea Forest in the northwest of the Ecoregion: remaining natural habitats within the Mikea 

Forest are still extensive. There is considerable variation in habitat type, ranging from seasonally dry 

forest to spiny bush dominated by plants in the Euphorbiaceae and Didieriaceae families. The fauna is 

relatively little known but the Subdesert mesite (Mesitornis bensch,) and Long-tailed ground roller 

(Uratelomis chimaera) within the avian families Mesitornithidae and Brachyteraciidae, respectively, are 

confined to the forest. For this reason, the Mikea Forest is considered to be the highest priority for bird 

conservation in Madagascar. Other notable taxa include the Spider tortoise (Pyxis arachnoides). 

The limestone Mahafaly Karimbola Plateau: the limestone plateau supports a low, dense bush 

dominated by Euphorbiaceae and Didieriaceae species. The Radiated tortoise (Geochelone radiate) is 

common in much of the area. There are numerous locally endemic reptile species, and a distinctive 

assemblage of birds. 

Southern and southwestern coastal plain: the flora of the coastal plains is reported to be unique by 

WWF botanists working in the region. It mostly resembles that of the limestone plateaus in structure, 

but is more open on sand dunes. The Radiated tortoise is locally common. 

Habitats on continental crystalline rock and sand substrates, or volcanic soil: These habitats have 

been grouped for convenience and to distinguish them from other types. In reality, there may be 

considerable variation among them depending in part on geographical position. 

Exposed coastal areas: coastal margins in the extreme south exposed to prevailing southerly and 

southeasterly winds may support a dwarf forest that can be less than 30 cm tall. Several locally endemic 

plant species have been recorded in these habitats. 

The Mandrare River basin: recent surveys in this most easterly part of the Ecoregion indicate that the 

vegetation may include species that spread marginally from the East or Center Ecoregions, especially 

relatively high areas. Relatively high rainfall may also influence the vegetation structure. 

Riverine gallery forest: all larger rivers support a distinctive gallery forest that is taller than the 

vegetation in surrounding areas. Some animal species may achieve relatively high densities in these sites. 
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Diversity is relatively low in the Southern Ecoregion compared to others in Madagascar; but an 

estimated 1,500 plant species occur there. Endemism is particularly high with as much as 48% of plant 

genera and 95% of species restricted to the Ecoregion, depending on how it is defined. Distinctive 

vertebrate communities are also recorded. 

Numerous locally distinct communities occur in the Ecoregion, and habitat type and species composition 

may change rapidly in local areas. 
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FIGURE 6: SOUTHERN ECOREGIONS 
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4.3.8 NORTHERN HIGHLANDS ECOREGION 

The Northern Highlands are combined with either the Eastern or the Center Ecoregions in other 

existing models. The Northern Highlands are considered to be separate from the Center. This is 

justified in part on practical grounds concerning conservation management: the Northern Highlands 

comprise rather large continuous blocks of forest whereas the Center is typified by smaller, isolated 

blocks. 

Furthermore, recent research indicates that the Northern Highlands may have a distinct fauna. The 

northern and western limits of the Ecoregion are defined by the 800 m altitude line on the northern 

flanks of the Central High Plateau. The eastern edge is difficult to determine, but the Ecoregion includes 

the Marojejy Massif. The southern limit is defined somewhat arbitrarily as there is little remaining natural 

habitat on that part of the Central High Plateau. 

Land over 1,900 meters within the Northern Highlands Ecoregion may be better considered as part of 

the High Mountains Ecoregion with the latter having a distinct vegetation and probably locally species of 

animals. Among the High Mountain sites within the Northern Highlands Ecoregion are the 'upper 

reaches of the Isaratanana and Marojejy Massifs. 

4.3.8.1 HABITATS, DIVERSITY AND ENDEMISM 

Several large forest blocks survive and form a discontinuous band across the center-north. All humid 

forest vegetation types occur in the Ecoregion. These include: 

1. Low altitude humid forest 

2. Mid-altitude or sub-montane humid forest 

3. Moss or sclerophyllous forest. 

The first vegetation type is under severe threat in Madagascar owing to its easy access. It was originally 

relatively rare in the Northern Highlands and only a few remaining areas survive. The second and third 

types of vegetation are well represented in the Ecoregion. Altimontane formations are naturally limited 

to small areas on the peaks of the highest mountains and are classed as a distinct Ecoregion. 

The altitudinal variation in habitats is accompanied by a wide diversity of species assemblages. This is 

particularly marked on the highest peaks of Tsaratana'na and Marojejy, but it is also evident on the 

Manongarivo and Anjanaharibe-Sud peaks, which reach to almost 2,000 m. Indeed, Tsaratanana and 

Marojejy have among the most diverse species assemblages in the country, but the Ecoregion as a whole 

is noteworthy for its generally hist, levels of biodiversity. The Ecoregion is marked by a significant level 

of local endemism, including arthropod, amphibian, reptile and rodent species. It is also differentiated by 

the absence of species that occur in neighboring ecoregions, such as the Indri (Indri indri) and the 

Ruffed lemur (Varecia variegate) that advance no further northwards than Anjanaharibe-Sud and 

Marojejy, respectively. 

4.3.8.2 PROTECTED AREAS 

The Northern Highlands include Marojejy National Parks, Tsaratanana Strict Nature Reserve and 

Manongarivo and Anjanaharibe-Sud Special Reserves. 

4.3.9 WESTERN ECOREGION 

The Western Ecoregion has two geographic sub-units: a smaller area in the extreme north with the 

exception of the upper slopes of the Montagne d'Ambre Massit and an extensive region to the west and 

south of the Central High Plateau until the Southern Ecoregion is encountered. 
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4.3.9.1 HABITATS, DIVERSITY AND ENDEMISM 

The Western Ecoregion is marked by a reliable wet season of up to five months and a distinct dry 

season when rainfall is highly infrequent. Plant communities show a marked degree of deciduousness 

during the dry season. The climate is generally drier from north to south, although there are local 

variations and some localities such as Antsiranana may have distinct sub-climatic conditions. The 

bioclimatic ecoregions developed by Cornet (1974) and Schatz (2000) provide a clear summary of local 

variations. 

The flora and vegetation are significantly influenced by variations in soil type and geology. In general, five 

major soil/substrate types are recognized. 

Volcanic soils or base rock. The vegetation on this fertile substrate is generally among the tallest and at 

times the densest within the Ecoregion. Volcanic substrates are localized and occur west of the Tsingy 

de Bemaraha Massif and in the extreme north. Some of the northern forests are unusual insofar as they 

are in canyons where permanent underground water exists, giving rise to evergreen formations. 

Clay soils. The vegetation is similar to that found on volcanic substrates. 

Limestone and calcareous soils. Plant communities show adaptations to prolonged seasonal dryness 

on the porous calcareous substrates. Succulents are numerous and many water storage adaptations are 

observed. Vegetation is generally low and sparse. Local endemism may be significant, and each major 

tsingy (heavily eroded pinnacle limestone) region may support several unique taxa. 

Sandy soils. The vegetation may show a general similarity to that occurring on volcanic substrates, but 

adaptations to: drier conditions are generally more evident. Canopy height may also be somewhat less. 

Riverine alluvial soils. Riverine gallery forests are generally distinct from neighboring vegetation 

formations. Trees are often less deciduous and there may be a dominance of Tamarindus indica and 

Eugenia sakalavarum. Canopy height may exceed 25 m, particularly where water is permanently 

accessible to roots. 

While overall bioclimatic conditions and substrate types are useful predictors for flora and variation, 

other factors such as retention of surface waters, soil depth and open rocky conditions may produce 

marked localized variations. A clear example occurs in Ankarana where tall, essentially evergreen forest 

grows on deep soils over an accessible water table, whereas adjacent vegetation on shallow soils in 

rocky areas is low, deciduous and typified by succulent species. Proximity to the coast may also have an 

influence, as well as exposure to prevailing moisture-bearing onshore winds. 

Sub-regional and local diversity and endemism are marked in the Western Ecoregion. In part this is 

associated with the differing substrates listed above. For example limes tone tsingy areas have numerous 

locally endemic plant and animal species. 

Other patterns of local endemism and diversity are linked to factors that are less easily accounted for. 

The factors may include geographical isolation and historical changes in climatic conditions that lead to 

expansion or contraction of different vegetation types. Some of the known or suspected centers of 

diversity and/or endemism are: 

The extreme northern isolate. Several locally endemic plants are confined to this area, including two 

baobabs and several succulent Euphorbiaceae. However, it is not considered to be a distinctive 

subregion except that Schatz (2000) recognizes a distinctive bioclimatic sub-region near the city of 

Antsiranana. There is a case for considering the extreme north as a distinctive faunal sub-region based 

on vertebrates. The northern primates, for example, include several locally endemic species or sub-

species, several of which are more closely associated with Eastern or Northern Highlands taxa. 

The northwest. The northwestern sector of the Ecoregion has several animal taxa that are locally 

endemic. Some are restricted to relatively small areas including the Ankarafantsika Massif or the forests 
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around the Baie de Baly, whereas others are more widespread in the sector. Ankarafantsika has a signi-

ficant number of locally endemic vertebrate species. 

Bemaraha and Manambolomaty Complex. The Bemaraha Massif and surrounding forests 

immediately to the west support a significant range of locally endemic vertebrates. Some of these taxa 

are related to Eastern forest species, indicating range expansion and subsequent isolation during periods 

of climatic change. 

Menabe. The extensively studied Menabe sub-region between the Morondava and Tsiribihina Rivers is a 

recognized center of local endemism and diversity. Part of its importance in terms of diversity may be 

linked to the presence of Southern and Western biotas that come together in the Menabe area. 

However, it is also associated with the presence of several locally endemic species that are of high 

conservation importance. 

The patterns of diversity and endemism are variable in the Western Ecoregion, and appear to be 

inconsistent between different taxonomic groups. It is clear that the larger rivers are barriers to certain 

taxa, but their influence on different species or sub-species is inconsistent. Among primates, for 

example, the Betsiboka River is a barrier to two Sifaka sub-species but does not block the Mongoose 

lemur. 

The Western Ecoregion is best considered to have a continuous turnover of taxa throughout its 

geographical range. Recent studies indicate that all sites that have been examined have at least a few 

unique species not known from elsewhere. 

4.3.10 UNIQUE ISOLATED AND TRANSITIONAL HABITATS 

Many Malagasy habitats are "transitional" insofar as there is a continuum of bioclimatic change 

throughout much of the island. However; there are several areas that do not easily fit into any of the 

more widely accepted models, and some appear to have a significant number of locally endemic taxa. 

Three unique isolated or transitional habitats are singled out as: 

 the Northern Transitional Zone 

 Analavelona, an elevated and isolated forest in the southwest surrounded by Southern 

Ecoregion habitats, and 

 the area around the Ranopiso Pass, part of the transition between the Eastern and Southern 

Ecoregions. 

Each has a number of unique locally endemic taxa. The zones may be best considered as ecotones (areas 

transitional between two recognized ecoregions). 

4.3.10.1 HABITATS, DIVERSITY AND ENDEMISM 

Northern Transitional Zone 

The Northern Transitional Zone includes the classically recognized Sambirano Domain of Humbert & 

Cours Dame (1965), together with habitats occurring below 800 m on the slopes of the Northern 

Highlands. The Sambirano is home to several locally endemic taxa, at least among animals. Some other 

areas such as Daraina in the northeast also support locally endemic taxa. These transition areas 

comprise at least two separate bioclimatical zones: the northwest (Sambirano) and the northeast near 

Daraina and Vohemar. 

Ranopiso 

Several blocks of natural habitat occur in this abrupt transition zone. Several occur as altitude bands on 

rugged mountain slopes. The zone is considered separately as it is difficult to classify as either Eastern or 
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Southern Ecoregion. It also supports several locally endemic species with limited ranges. Rare, 

locallyendemic species are particularly restricted to isolated summit areas where the forests are more 

humid than those that surround them. 

4.3.10.2 PROTECTED AREAS 

Part of the Manongarivo Special Reserve and the Lokobe Strict Nature Reserve cover the Northern 

Transitional Zone in the northwest. The lower slopes of the Tsaratana'na Strict Nature Reserve occur 

in the Ecoregion recognized by some authorities as the Sambirano. A new site near Daraina is proposed 

in the northeast that includes three major forest blocks. Although Sahamalaza to the west of the 

Transition Zone has been proposed mainly as a protected area for coastal habitat conservation, the site 

is also considered to be important in terms of representing a distinct terrestrial ecological community 

marked by the presence of Eulemur macaco flavifrons, even though the sites habitats are  degraded. 

Analavelona is not a protected area but local people are favorable to conferring an adequate legal status 

to ensure that it is safeguarded. The staff of Zombitse vohibasia National Park is supporting the 

communities in this endeavor. The Ranopiso Transitional Zone is partially protected within part of 

Parcel II and all of Parcel III of Andohahela National Park. Biologists familiar with the area do not 

consider that this ensures adequate biodiversity representation, and additional sites will be prospected. 

4.4 FORESTS 
Malagasy forests comprise 4,220 known species of trees and large shrubs. An analysis of the tree flora 

reveals that 33 percent of the 490 indigenous genera with tree species are endemic to Madagascar, 

including the Comoro Islands. The 329 non-endemic genera are represented by an additional 3,280 

species of trees and large shrubs, of which 95 percent are endemic (Schatz in Lauren() and Goodman, 

2000). 

Madagascar's flora accounts for about 12,000 species, out of which approximately 10,000 species are 

forest dependent; 81 to 86 percent of these are endemic. Madagascar alone harbors a higher number of 

orchid species than does the whole of Africa. A substantial proportion (33 percent) of the native flora 

consists of trees or shrubs, of which 96 percent are endemic. Most of the remaining native flora is 

forest-associated. 

Dry forests in the southwest comprise more than 1,000 species of which more than 90 percent are 

endemic (Toliara Biosphere Proposal, ONE 2001). Unusually for littoral vegetation, the dune bush of 

southwest Madagascar comprises at least 112 species, 95 percent of which are endemic. 
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TABLE 5: FOREST TYPES AND LOCATIONS IN MADAGASCAR 

 

Fauna 

With regard to fauna, 3,317 taxa of terrestrial macrofauna have been identified, including mammals, 

amphibians, reptiles and birds, of which more than 90 percent are forest-associated or restricted (ONE 

1999). 

Within the mammal taxon, 156 species have been inventoried, including at least 32 lemurs, all of which 

are endemic. Endemism in other mammal groups is high — insectivores, 97 percent; rodents, 89 

percent; carnivores, 87 percent. More than 90 percent of mammals are restricted to forest habitats. 

Avifauna 

Madagascar has 258 species of birds. While this is a low number in comparison with African countries, 

120 of these species are endemic, of which about 100 are forest-restricted. 

 

 

Forest type Location Proportion of 

Endemic Species of 

flora (%) 

Biodiversity 

Importance/ Ecological 

Function Importance 

Low altitude rainforest East 77 

Extremely high biodiversity 

importance. Extremely 

important ecological 

function 

Mid-altitude rainforest 

East 73 

High biodiversity 

importance. High ecological 

function 

Dense dry forests West 78 

High biodiversity 

importance, High ecological 

function 

Spiny forests South, West More than 90 

High biodiversity 

importance, High ecological 

function. 

Dry forests on Karstic sub 

strata 

West, Southwest n/a Extremely high biodiversity 

importance. High ecological 

function 

Mangroves All major Western 

rivers mouths 

n/a Low biodiversity 

importance. High ecological 

function 

Littoral and sub- littoral 

forests 

Southeast, Northeast, 

West 

n/a High biodiversity 

importance. High ecological 

function 

I 

100 
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Reptiles 

The reptile category includes 333 species, of which 91.6 percent (305 species) are endemic. Of the 65 

genera of reptiles, 60.3 percent are endemic. There are 182 amphibian species in Madagascar (of which 

179 are frogs), 98.4 percent of which are endemic. Of the 18 amphibian genera 83.3 percent are 

endemic to Madagascar. The majority of amphibians are forest-restricted and most are confined to 

dense humid forests, such as those found in the southeast (Glaw and Vences in Lourengo and Goodman, 

2000). 

4.5 SOCIOECONOMIC ENVIRONMENT 

Madagascar is today one of the world's poorest countries with GDP per capita of around US$260; its 

total estimated GDP in 2000 was US$4,020 million, compared to the United States' with US$9,882,842 

million, and to France' with US$1,286,252 million. 

Madagascar's economy is based primarily on the extraction of renewable and non-renewable natural 

resources and subsistence agriculture. Eighty percent of the population is rural and dependent on the 

surrounding environment for food and resources. The principal industries generating US$ 673 million or 

17.7 percent of total GDP in exports in 2000 are agriculture — cash crops such as vanilla, cloves, 

pepper and coffee represented 17 percent of export value, while fisheries, tourism, mining and export 

processing zones clothing production make up 40 percent of total export value. (IMF statistics, 2000). 

4.5.1 AGRICULTURE AND ORGANIC FARMING 

Agriculture, including fishing and forestry, is a mainstay of the economy. Major exports are coffee, vanilla 

(Madagascar is the world's largest producer and exporter of vanilla), sugarcane, cloves, cocoa, rice, 

cassava (tapioca), beans, bananas, peanuts and livestock products. There is extensive use of chemicals in 

the cultivation of sugar cane and rice and organic farming is not practiced in a scale that would be 

considered significant. 

4.5.1.1 ORGANIC FARMING 

Madagascar's organic sector started small and remains small. A lack of knowledge in production, 

certification, processing and export continues to inhibit growth. This is in spite of assistance from 

several outside agencies, including major donors. Fresh organic fruit and vegetable exports have proved 

unsuccessful, and the only current exports are in the processed category. Efforts to organize a viable 

organic sector continue among private enterprise and aid group, but it is likely to be some time before 

an effective organic export sector can develop. 

In Madagascar, no Government support exists for organic agriculture. However, during the 1990s, ome 

international organizations and foreign agencies have provided technical support to enhance the organic 

production capacity and promote export. 

The U.S. Agency for International Development (USAID) has supported the organic sector in 

Madagascar through: (i) co-financing of seminars on organic agriculture; (ii) financing and organization of 

training courses at the university; (iii) financing of an exporters' mission to South Africa; and (iv) advising 

on organic plant protection. USAID and Protrade collaborated closely. 

4.5.1.2 BEE KEEPING 

Bee keeping is still practiced in Madagascar through the traditional methods; however there are efforts 

by several non governmental organizations to promote the modern techniques of bee keeping. Some 

NGOs for example are supporting a new bee-keeping project in Ambohimahamasina which aims to 

increase villagers’ incomes whilst also promoting forest conservation. The project has successfully 

trained 50 collectors of wild honey in modern beekeeping methods, thereby improving honey 
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production & removing the need to collect wild honey - which often destroys the queen bee & her 

colony as well as forest trees. 

 

4.6 SUMMARY 

Madagascar contains and represents many unique and treasured environments, and is part of our world 

heritage that must be preserved. The people are part of this environment, and they must be cared for as 

well. PMI-sponsored IRS has a strong record of IRS execution without environmental degradation, and it 

is highly likely that with continued adherence to the environmental mitigation and monitoring plan, 

which is key to this history of success, that implementing contractors will continue to deliver life-saving 

IRS with insignificant environmental impact. Therefore, it is recommended that IRS be permitted to 

continue, and to be allowed in the buffer zones of the protected areas that Madagascar has, and 

continues to establish. 
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5. PESTICIDE PROCEDURES 

Title 22 of the United States Code of Federal Regulations, Part 216 (22 CFR 216) mandates the 

consideration of twelve factors when a project includes “assistance for the procurement or use, or 

both, of pesticides”. As the PMI Madagascar IRS program includes assistance in both of these aspects, it 

is subject to this regulation. This section therefore addresses each of the twelve factors for the IRS 

Malaria Control Program in Madagascar.  

5.1 A. THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY’S 

REGISTRATION STATUS OF THE REQUESTED PESTICIDE 

Pesticides recommended by WHOPES and registered for IRS or a similar use in the United States and 

the host country government will be preferred in this IRS project. However, some of the pesticides on 

the WHOPES list are not registered with the USEPA, for economic reasons rather than technical ones. 

Because this is an economic issue rather than a technical one, US regulations permit the use of these 

insecticides, conditioned on the performance of the proper environmental assessments, as well as 

notification to and authorization from the host country government. There is widespread acceptance 

and use of these chemicals around the world, with a good database attesting to the safety of the 

chemicals when used as directed. PMI/USAID works closely with host country governments, with full 

and clear disclosure, as well as providing any necessary assistance in the mitigation of risk from the use 

of these WHOPES pesticides.  

This SEA, supported by the PMI IVM PEA, and distributed to the Madagascar ONE and MOH, provide 

the notification and mitigation requirements of US regulations.  PMI/USAID is therefore empowered, 

upon the receipt of formal authorization from a competent Madagascar entity, to allow the use of all 

WHOPES-recommended pesticides in the pyrethroid, carbamate, and organophosphate classes under 

the Africa IRS program.  

 

5.2 B. THE BASIS FOR SELECTION OF THE REQUESTED PESTICIDES 

In addition to the above criteria, insecticide selection for any PMI supported program is subject to 

international procurement requirements of the US Federal laws.  Requests to purchase public health 

insecticides used in IRS must be initiated at class level, rather than for a particular insecticide 

(compound). The insecticide class to be used in IRS is selected each season based on a number of 

considerations. 

5.2.1 PRIMARY CRITERIA FOR CHOOSING PESTICIDES 

Approval by the World Health Organization Pesticide Evaluation Scheme: Only insecticides 

approved by WHO can be used in IRS. Certain pesticides in the organophosphate, carbamate, 

pyrethroid and organochlorine classes are WHOPES-approved for use in IRS. Table 4 shows the list 

of WHO-recommended pesticides.  
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TABLE 6: WHOPES RECOMMENDED PESTICIDES WITH EFFECTIVE DURATION 

 
 

 

Registration for use in the country: In the case where the insecticide proposed to be used for IRS is 

not registered in Madagascar, PMI will work with the Ministry of Health to obtain special 

authorization for the use of the pesticide.  

Residual effect for a period longer than, or at least equal to, the average duration of the 

malaria transmission season in the area:  As seen in the figure above, all pyrethroids, 

carbamates, and organophosphates are expected to stay active and effective for 3 to 6 months after 

application; however, the effective duration varies under different climatic conditions and other 

factors. Three pyrethroids, known as longer-lasting pyrethroids, can last up to eleven months based 

on various field trials. For this reason, pyrethroids make the best choice for extended seasons. 

However, in order to manage vector resistance, it has proven to be necessary to periodically switch 

the class of pesticides used in IRS. The duration of effectiveness on the primary wall surface types 

will continue to be researched and considered when selecting insecticide class and AI.  

Pesticide must be appropriate for use on the wall surfaces of the selected location: 

Structures in the targeted regions are mainly of 3 different types: plastered and painted; plastered 

and not painted; and mud. Pyrethroids, carbamates and organophosphates are known to function 

well on mud and cement walled houses and are therefore appropriate for use. 

Local vector susceptibility to the insecticide: Resistance to insecticide develops when a hereditary 

feature is selected in an insect population that reduces the population’s sensitiveness to a given 

insecticide. In Madagascar, vector susceptibility studies are conducted by AIRS Madagascar in 

collaboration with the Roll Back Malaria (RBM) program. Recent entomology suggests some degree 
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of resistance to DDT, permethrin, and fenitrothion in some geographical areas. AIRS has confirmed 

the effectiveness of alpha-cypermethrin, lambda-cyhalothrin and deltamethrin in these districts. Due 

to a long malaria season in the south, for 2013, the organophosphate pirimiphos-methyl is being 

considered for IRS in that portion of Madagascar, while carbamates will be used in most of the CHL, 

supplemented by pyrethroids in two districts.  

Ecological impact: Madagascar boasts a diverse wildlife throughout the country, but especially in the 

National Parks and protected areas, it is extremely important that IRS does not in any way diminish 

this biodiversity.  The ecological impact of the WHO pesticides is well-documented, recently in the 

2012 PMI IVM Program Environmental Assessment (IVM PEA). However, if BMPs for IRS are strictly 

followed, the release to the environment, and therefore the impact to the environment, should be 

negligible. More information on ecological impact of the proposed pesticides is found in sections 5.5 

and 5.7 below, as well as other sections of this document. 

Human health impact: The IVM PEA also assessed cancer and non-cancer risks associated with all 

WHOPES-approved insecticides by process (e.g., mixing insecticide, spraying, residing in sprayed 

house, etc.) and pathway (e.g. inhalation, dermal, ingestion, etc.), and cancer risks by process and 

pathway where available (mainly for DDT and select pyrethroids). In general, pyrethroids and 

carbamates pose less non-cancer risks via any pathway than organophosphates when risks are 

assessed, but the risks of organophosphates can be managed by following standard PMI IRS 

procedures and protocols (BMPs).   

5.2.2 SECONDARY SELECTION CRITERIA:  

 Appropriate packaging for safety and standard delivery tools  

 Unit cost of insecticide 

 Timely delivery of the insecticide to the preferred point of delivery  

 Local representation of supplier in host country  

 Technical assistance with training and troubleshooting by supplier 

5.3 C. THE EXTENT TO WHICH THE PROPOSED PESTICIDE USE IS PART OF AN 

INTEGRATED PEST MANAGEMENT (IPM) PROGRAM 

IPM is defined10 as: 

...an ecosystem-based strategy that focuses on long-term prevention of pests or their damage through a 

combination of techniques such as biological control, habitat manipulation, modification of cultural 

practices, and use of resistant varieties. Pesticides are used only after monitoring indicates they are 

needed according to established guidelines, and treatments are made with the goal of removing only the 

target organism. Pest control materials [pesticides] are selected and applied in a manner that minimizes 

risks to human health, beneficial and non-target organisms, and the environment.” 

IPM is often used in an agricultural context, but similar in nature is the concept of Integrated Vector 

Management (IVM).  

The major characteristics of IVM include: 

                                                             

 

 
10 http://www.ipm.ucdavis.edu/IPMPROJECT/about.html 

http://www.ipm.ucdavis.edu/IPMPROJECT/about.html
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 Methods based on knowledge of factors influencing local vector biology, disease 

transmission, and morbidity; 

 Use of a range of interventions, often in combination and synergistically; 

 Collaboration within the health sector and with other public and private sectors that impact 

vectors; 

 A public health regulatory and legislative framework. 

 

Use of IVM for the control of the malaria vector population is practiced using four primary 

interventions, insecticide-treated nets, indoor residual spray, artemisinin-based combination therapies 

(ACT), and intermittent preventive treatment for pregnant women (IPTp). Environmental management 

for malaria control is limited to some common sense safeguards, such as limiting standing water which 

can serve as a breeding ground for mosquitoes. Because of the life-cycle requirements and the 

adaptability shown by these vectors, these practices have not demonstrated large-scale effectiveness.  

 

PMI strategy has been that IRS will be implemented as a component of IVM for malaria control, along 

with ITNs, preventative and curative drugs, and environmental management. PMI supports an evidence-

based approach and will continue to review health management information systems and entomologic 

data to determine where best to deploy IRS. 

5.4 D. THE PROPOSED METHOD OR METHODS OF APPLICATION, INCLUDING 

AVAILABILITY OF APPROPRIATE APPLICATION AND SAFETY EQUIPMENT 

IRS involves spraying a liquid insecticide with long lasting residual activity on indoor wall surfaces where 

mosquitoes usually rest. The pesticide then dries up and leaves a crystalline deposit on the sprayed 

surface. A lethal dose of the insecticide is absorbed when the mosquito rests on the surface, which kills 

the mosquito.  

Pesticide will only be applied using pressurized spray equipment approved for the pesticide in use, by 

trained spray operators wearing gloves, overalls, hard hats with face shields, neck shields, and boots. All 

necessary PPE for this activity is supplied by PMI, and its use is supervised and enforced throughout the 

course of the campaign. Spray operators are trained in and use spray patterns that have proven effective 

for providing long-lasting toxicity toward the malaria vector mosquito.  

The spray operators who implement IRS use backpack compression sprayers to apply a measured 

amount of insecticide on the interior walls of houses and structures.  A water-soluble insecticide is 

added to the sprayer containing a pre-measured amount of water, the sprayer is pressurized, and the 

material is then applied.  After the day’s spraying is complete, spray operators clean the sprayer 

following PMI BMPs to guard against release and/or exposure, and the manufacturer’s recommendations 

to ensure their proper operation and calibration. 

5.5 E. ACUTE AND LONG-TERM TOXICOLOGICAL HAZARDS ASSOCIATED WITH 

THE PROPOSED USE AND MEASURES AVAILABLE TO MINIMIZE SUCH 

HAZARDS 

The IVM PEA assessed the toxicity of WHO-recommended IRS insecticides to non-target organisms, 

including mammals, birds, fish, bees, and other aquatic organisms. A brief summary is given here for each 

insecticide, with the pestidide class in parentheses. P is for insecticides in the pyrethroid class, C for 



 

 

57 

 

carbamates, OP for organophosphates, and OC for organochlorines. The reader is referred to Annex E 

of the 2012 IVM PEA for greater detail about toxicity. Table 7 below provides information about the 

relative toxicity of the WHO-approved pesticides on various receptors. 

 

TABLE 7: PESTICIDE TOXICITY 

IRS Insecticide Mammal Bird Fish 
Other 

Aquatic 
Bee Persistence Bioaccumulate 

Alpha-cypermethrin 

(P)        

Bendiocarb ( C) 
       

Bifenthrin (P) 
       

Cyfluthrin (P) 
       

DDT (OC) 
       

Deltamethrin (P) 
       

Etofenprox (P) 
       

Fenitrothion (OP) 
       

Lambda-cyhalothrin 

(P)        

Malathion (OP) 
       

Pirimiphos-methyl 

(OP)        

Propoxur ( C) 
       

Source: IVM PEA 2012 

 

 

 

 

 

 

 

 

5.5.1 HAZARDS 

The two broad categories of hazard are release and exposure to humans and domestic animals, and 

releases causing environmental damage. Release and exposure may occur at any point, from the 

production or importation of the pesticide through transportation, storage, distribution, pesticide make-

Key 

High Toxicity  

Medium to High Toxicity  

Medium Toxicity  

Low to Medium Toxicity  

Low Toxicity  

Data Not Found  
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up, spray application, clean-up, and final disposal, as well as post-spray due to improper spray deposition 

on household articles, or improper behavior of beneficiaries regarding sprayed surfaces. 

 

In humans, both organophosphates and carbamates can produce cholinesterase depression if the proper 

protective measures are not utilized and exposure results. Cholinesterase inhibition results in 

overstimulation of the nervous system, with symptoms that include nausea, dizziness, confusion, and 

respiratory paralysis and death at very high exposures (U.S. EPA, 2000b). The two classes of insecticides 

differ in their impact on human health in that with carbamates, the cholinesterase inhibition is 

temporary, and may dissipate in as little as 2-3 hours, providing the exposure is eliminated. With 

organophosphates, the inhibition is longer-lasting and cumulative, and thus more dangerous. 

 

In the environment, most of the insecticides are highly toxic to fish and other aquatic organisms.  

Similarly, apart from pirimiphos-methyl all the approved insecticides are highly toxic to bees. In 

mammals, all the insecticides approved by WHO for IRS carry low-to medium toxicity, with the 

exception of lambda cyhalothrin and propoxur, which are categorized as highly toxic to mammals. In avi-

fauna, only propoxur is categorized as highly toxic with the rest categorized as low-medium in toxicity.  

Specific hazards include exposure during handling (transporting or spraying), environmental release 

through vehicular accidents during transportation, and the possibility of fire causing combustion of 

pesticides, in storage or in transportation. These hazards are discussed in more detail, along with the 

mitigation measures to be employed, in the Environmental Mitigation and Monitoring Plan (Annex A)  

5.5.2 MITIGATION OF HEALTH IMPACTS 

Training for supervisors, spray team leaders, spray operators, washpersons, storeroom managers, and 

health officials include recognition of the symptoms of poisoning, incident response elevation protocol, 

and, for the medical professionals, the treatment protocols for each pesticide. Exposure treatment for 

the proposed carbamate-, organophosphate- and pyrethroid-based pesticides is detailed in Annexes B & 

C.   

 

Specific measures to mitigate transportation-related exposure will include: 

 Training drivers before they transport insecticides from the customs warehouse or central 

storage facility to the local storage facility.  

 Ensuring that drivers are thoroughly knowledgeable about the toxicity of insecticides, and that 

training includes opportunities for drivers to respond to scenarios related to the transport of 

specified insecticides. 

 Preventing pesticide contamination in vehicles rented for the project in order to avoid negative 

consequences when the vehicles are used for other purposes, such as food transport. To 

prevent pesticide runoff from vehicle washing, drivers are responsible for wiping the vehicle bed 

with a damp cloth before washing the exterior of the vehicle 

Other than transporters, storage area personnel, and spray teams, the people at risk of exposure are 

primarily the beneficiary population in the targeted communities. Acceptance of the pesticide and indeed 

of the IRS intervention among the targeted households is a primary external factor, and is critical for the 

overall safety of the program and environmental compliance. The Information, Education, and 

Communication (IEC) program is the primary tool for gaining this acceptance. It is important that the 
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targeted community and households are adequately educated on safety, including procedures for 

removing personal belongings prior to spraying, observing the required exclusion period, and avoiding 

contact with sprayed surfaces on an indefinite basis.  

 

IEC programs have been and continue to be implemented in targeted communities under the IRS 

operation. The campaign includes radio spots for mass media announcements and also direct 

communication through mobilizers, and through the spray operators themselves. Communities are 

mobilized by local governments and administrations.  Clear instructions are provided on what to do 

before and after the house is sprayed, including the removal of all foodstuffs and cooking utensils during 

spraying, barring of entry into the sprayed rooms for at least two hours, ventilation of the structure for 

an additional half hour, and preventing the re-entry of children and animals until the floors have been 

swept clean or washed. Targeted training of selected health care providers is provided at the region, 

district, and community levels on the management of pesticide poisoning. 

5.5.3  MITIGATION OF ENVIRONMENTAL IMPACTS 

Environmental impacts are mitigated through extensive training for all personnel and all aspects related 

to IRS. Potential impacts have been evaluated, and methods developed to eliminate or reduce these 

impacts. In particular, proper methods of pesticide storage, transportation, preparation and application 

and waste disposal are well-documented and enforced. 

  

For more information on the risks of IRS and the measures for mitigation, refer to the EMMP (Annex 

A).  

5.6 F. THE EFFECTIVENESS OF THE REQUESTED PESTICIDE FOR THE PROPOSED 

USE 

Pesticides are selected for IRS based on technical efficacy and economic efficiency in the intended use, 

along with other extrinsic variables. Selection criteria have been expounded upon in Section 5.2. 

Knowledge of vector susceptibility is critical to planning and evaluating the effectiveness of the IRS 

program. It enables timely forward planning to (i) manage the development of the resistance and (ii) 

evaluate new or alternative insecticides for possible future introduction should a change of pesticide be 

required. Resistance testing is done to (i) establish a baseline susceptibility of the local vectors for future 

reference, (ii) monitor changes that occur as time progresses, (iii) identify the mechanisms of resistance 

and cross-resistance to inform the resistance management strategy that will be adopted, and (iv) 

evaluate the susceptibility of the local vectors to potential alternative insecticides, should there be a 

need to change pesticide. 

 

Prior to each campaign, it is necessary to measure vector resistance in the target areas, to ensure that 

acceptable kill levels will be achieved. A resistance monitoring program has been established by the AIRS 

Madagascar, and the results from this ongoing program are the primary determinants of the choice of 

pesticide and other supplementary actions.  

 

Pesticide efficacy is also affected by vector behavior, insecticide quality, and the residual action of the 

pesticide. The probability of vector-pesticide contact depends on whether the targeted vector feeds 

indoors (endophagic) and rests indoors (endophilic), as this increases the likelihood of the vector resting 
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on the sprayed wall. The efficacy of the pesticide to kill may be compromised if the vector exits after 

feeding without resting on the wall, or if the vector feeds outdoors (exophagic) and rests outdoors 

(exophilic). An. Gambiae, arabiensis and An. funestus, the major malaria vectors in Madagascar, are 

mainly endophagic and endophilic. This makes them suitable targets for IRS.  

 

Vector resistance may differ in origin, intensity, type, and significance for vector/disease control in a 

given population. The evaluation of the significance of resistance to vector control should therefore 

consider the biochemical and genetic characteristics of the resistance, as well as the eco-epidemiology of 

the disease and operational characteristics.11, 12 Resistance also tends to be highly focal (i.e., limited to a 

definite area). It is therefore important to ascertain the spatial distribution of the observed resistance to 

better inform the resistance management strategy to be employed and the geographical extent to which 

it will apply (e.g., what geographical area a possible change in pesticides for IRS should cover). The 

operational criterion for vector resistance is having 20% or more survival rate in the number of 

mosquitoes tested using standardized methods of the WHO.13   

 

The residual efficacy of the pesticide being used for IRS is crucial to evaluating the implication of vector 

resistance. Generally, a positive correlation between observed vector resistance and a decline in 

pesticide efficacy is an important criterion in determining the need for a change of the pesticide in a local 

area. It is important that wall bioassays be carried out at specified intervals after the IRS operation in 

order to determine the period and level of residual activity in a given locality and the sprayed surface. 

 

A third major factor affecting the effectiveness of the pesticides is their quality (specification). If the 

active ingredient, for example, is not up to the recommended specification and concentration, it may 

lead to under-dosage of deposited pesticide, which then contributes to intervention failure. Storage of 

pesticide for too long a time, or in extremely hot warehouses can lead to breakdown of the active 

ingredient. Poor pesticide quality may present additional risks to the pesticide handlers and spray 

operators who may be exposed. For this reason, samples of the pesticide should be taken prior to use, 

and analyzed for the concentration of the active ingredient. If feasible, susceptibility testing should also 

be performed, but seasonal dips in vector population usually limit this activity 

5.7 G. COMPATIBILITY OF THE PROPOSED PESTICIDE WITH TARGET AND NON-

TARGET ECOSYSTEMS 
The pesticides are compatible with the target environment (walls, ceilings, eaves) in that they dry on 

these surfaces, and are not released to receptors or the general environment to any great extent. The 

                                                             

 

 
11 WHO. (1986) Resistance of vectors and reservoirs of disease to pesticides: tenth report of the WHO Expert 

Committee on Vector Biology and Control. World Health Organization, Geneva. 

12 Brogdon, W.G. and McAllister, J.C. (1998) Insecticide Resistance and Vector Control Emerging Infectious Diseases 

4(4): 605-613. 

13 WHO. (1998) Test procedures for insecticide resistance monitoring in malaria vectors, bio-efficacy and 

persistence of insecticides on treated surfaces. World Health Organization, Geneva, 
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dried pesticide remains on the sprayed surfaces, and performs as designed, killing vector mosquitos that 

rest on them, and the exposure to non-target organisms and ecosystems is very limited. 

 

The WHOPES recommended pesticides are incompatible with the non-target ecosystems (humans, 

animals, and the environment), in that, if they are released to the environment in large quantities, they 

would have negative effects on land and water based flora and fauna (See Table 6).  However, the IRS 

implementation process is designed to ensure that to the maximum extent possible, pesticides are 

deliberately and carefully applied to the walls and ceilings of dwellings, and do not come in contact with 

humans, animals, or the environment. IRS implementation is also planned to minimize and responsibly 

manage the liquid wastes through the reuse of leftover pesticides, the triple rinsing of equipment, and 

the daily washing of PPE. Wherever possible, recycling is incorporated into the waste management plan, 

particularly in the case of plastic bottles used for pesticide containers. Where it is not feasible to recycle 

materials, they are either washed thoroughly and disposed in a landfill, or contaminated solid wastes are 

incinerated in an approved incinerator that will destroy the pesticide and prevent environmental 

contamination.  The Environmental Mitigation and Monitoring Plan Annex A details the measures that 

have been and will be enacted to prevent contamination of ecosystems. 

5.8 H. THE CONDITIONS UNDER WHICH THE PESTICIDE IS TO BE USED 

Chapter 4 of this document provides a detailed account of the environmental conditions in Madagascar 

under which the pesticide is to be used. IRS is scheduled to be performed prior to the rainy season in 

each location to avoid logistical complications from the degradation of transportation infrastructure due 

to flooding and washout. 

During IRS, particular attention will be paid to any sensitive areas identified in Chapter 4, including water 

bodies, schools, hospitals, any area where organic farming is practiced, where bee-keeping or natural 

bee habitats are established, etc. In addition, bird-nesting habitat will be protected, and all insecticides 

will be kept away from all water habitats and resources.  IRS will be prohibited within 30 meters of 

sensitive ecosystems. Prior to spraying, contractor will identify households in sensitive areas, and train 

sprayers to identify houses that should not be sprayed. The contractor will consult with ONE and the 

Madagascar National Forest regarding the application of pesticides in or near ecologically sensitive areas, 

such as wetlands, lake shore, river edge and protected areas and follow their policies and guidelines, 

unless the conditions prescribed herein are more strict, in which case the SEA will have precedence. 

Strict supervisory control will also be established to prevent contamination of agricultural products.  

5.9 I. THE AVAILABILITY AND EFFECTIVENESS OF OTHER PESTICIDES OR NON-

CHEMICAL CONTROL METHODS 

This IRS program is limited to using those pesticides that are on the WHO list of recommended 

pesticides. WHO currently recommends twelve insecticides from four chemical groups for IRS, each 

with a specific dosage regime, duration of effectiveness, and safety rating.14  Each of these agents has 

been evaluated for effectiveness within the program, and continuing monitoring for resistance and 

susceptibility will be employed to allow up-to-date decisions prior to each spray campaign. The goal of 

                                                             

 

 
14 Najera JA, Zaim M (2002). Malaria vector control – Decision-making criteria and procedures for judicious use of 

insecticides. WHO, Geneva, WHO/CDS/ WHOPES/2002.5. (Document available at: 

www.who.int/ctd/whopes/docs/JudiciousUseRev.pdf) 
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this SEA is to broaden the options for pesticide use to three approved pesticide classes to combat 

periodic resistance development. 

The recommended insecticides (see Table 4), are effective for differing periods, generally categorized as 

2-3 months, 3-6 or 4-6 months, and >6 months.  Within this range, the effective period depends on local 

circumstances, including dosage actually applied, wall type, climate (temperature and humidity), and 

resistance to that chemical in the mosquito population. 

For IRS to be effective, the NMCP must either use a chemical that lasts longer than the average malaria 

transmission season or conduct multiple rounds of spraying to achieve continuous control with a 

shorter-lived chemical.  Thus, current formulations of carbamates that are effective for 3-6 or 4-6 

months may be sufficiently effective with one application per year in the northeast arid zone, but would 

require two applications per year if used in zones with perennial transmission.   

Non-chemical means of malaria vector control are examined and discussed under section 5.3, IPM/IVM, 

but are generally not effective on a large scale. For example, while elimination of standing water 

breeding habitats is a logical and sensible concept, the malaria mosquitoes only need the smallest of 

aquatic habitats to successfully reproduce, and it is nearly impossible to eliminate all of these minute 

breeding habitats. However, wherever possible, non-chemical means will be employed in place of IRS. 

5.10 J. THE REQUESTING COUNTRY’S ABILITY TO REGULATE OR CONTROL THE 

DISTRIBUTION, STORAGE, USE, AND DISPOSAL OF THE REQUESTED 

PESTICIDE 

5.10.1 NATIONAL CHARTER FOR ENVIRONMENT. 

Madagascar’s principal national law and policy on environment is the National Charter for Environment 

(Law 90-033) which lays down basic environmental principles and promulgates the national 

environmental action plan (NEAP) and its three successive five-year phases (EP1, EP2, and EP3). The 

Charter requires EIA for all investment projects, and has been implemented through successive decrees 

and regulations on compatibility of investments with the environment known as “MECIE” (the current 

version being Decree 99-954). The Charter is noteworthy in that it pre-dates the Biodiversity 

Convention, but is based on similar principles. Madagascar may thus be considered a leader in this sense. 

Arrêté 4355/97: Définition et délimitation des zones sensibles. This regulation states that all of 

Madagascar’s fragile areas need to be considered at any Environmental Impact Assessment. 

Décret MECIE 99-954 du 15/12/99 – modified by Décret 2004-167 du 03/02/04 The MECIE Decree – 

the compatibility of investments with the environment 99-954 du 15 Décembre 1999 – asked public and 

private investors to conduct environmental impact studies whenever investments are apt to alter the 

environment. The new law – February 2004 – helped to clarify the types and procedures of 

Environmental Impact Assessment (EIA or PREE) depending on the size and the location of the activities 

– whether it was in a fragile zone or not. 

This IRS must therefore fulfill the requirement for ensuring that all investments are subjected to EIA as 

represented by this SEA report. 

Other key laws in the environmental sphere include wildlife laws under the forestry legislation (e.g., 

Ordinance 60-126) and dependent regulations (notably Decree 88-243 that lists protected species), the 

law on transfer of management of natural resources to local communities known as GELOSE (Law 96-

025) and the decree permitting relative securitization of land subject to GELOSE contracts (Decree 98-

610). There is also a new law on industrial pollution. A draft consolidating law on protected areas 

(known as COAP) has been approved by the National Assembly and the Senate and is now only awaiting 
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the signature of the president to allow its gazettement. The current political situation in Madagascar has 

so far inhibited this happening. 

Madagascar has ratified most of the major international environmental conventions including the Algiers 

Convention on the Conservation of Nature and Natural resources (Law 70-004), the Convention on 

Biological Diversity (Law 95-013), the International Convention on Trade in Endangered Species (CITES) 

(Law 75-014), the Ramsar Convention on Wetlands of International Importance (Law 98-004), the 

World Heritage Convention (ratified 9/12/82), the UN Convention on the Law of the Sea (ratified in 

October 2000) and the Climate Change Convention (Law 98-020). Of particular note is that 

Madagascar’s protected areas system is currently based on the direct application of the Algiers 

Convention of 1968.  

5.10.2 PEST CONTROL PRODUCTS ACT 

Malagasy pesticide regulations (Arrêté nº 7452-92 règlementant le stockage et le reconditionnement des 

produits agropharmaceutiques) provide the guidelines and measures for management of pesticides 

including storage, transport, usage etc. These regulations will be complied with in the implementation of 

the IRS program. 

5.10.3 INSTITUTIONS 

The institutional framework for environment has evolved over the years and is now relatively complex. 

The first higher environmental body to be created was the National Council for Nature established in 

1984. Upon launching the NEAP, a new National Environment Office (ONE) was created, initially 

attached to the Prime Minister’s Office with the mandate to coordinate implementation of NEAP. 

Subsequently a Ministry for Environment was created, which became the overarching authority on 

environmental affairs to which ONE became attached. 

Many NGOs are very active in Madagascar, and have achieved quasi-regulatory status in environmental 

management, monitoring, and control. For example, the WWF has invested heavily in Madagascar, and 

has been granted management responsibility for many protected areas within the PMI operating areas. 

Because of the well-recognized uniqueness of the Madagascar environment and its endemic biodiversity, 

the activity of international NGOs, and the resultant visibility on the international stage, Madagascar has 

a greater than average ability to control the distribution, storage, use, and disposal of pesticides to be 

used for IRS. 

5.11 K. THE PROVISIONS MADE FOR TRAINING OF USERS AND APPLICATORS 

The effectiveness of the IRS program depends on the availability of adequately trained spraying 

personnel, well-maintained equipment, and competent supervision, as well as end-user acceptability and 

compliance. USAID has developed guidelines for IRS operations (“PMI IRS Best Management Practices”), 

and WHO provides a training manual “Manual for Indoor Residual Spraying”15. Other resources include 

the WHO-UNEP Manual on Sound Management of Pesticides and Diagnosis and Treatment of Pesticide 

Poisoning,16 USAID PMI’s IVM PEA (USAID, 2012 Update), as well as this SEA, all of which provide 

precautions and recommendations on many aspects of IRS operations. The IRS BMP manual and the PMI 

                                                             

 

 
15 WHO (2002) Manual for Indoor Residual Spraying: Application of Residual Sprays for Vector Control 

(WHO/CDS/WHOPES/GCDPP/2000.3). 

16 WHO-UNEP Sound Management of Pesticides and Diagnosis and Treatment of Pesticide Poisoning: A Resource 
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http://www.who.int/whopes/recommendations/IPCSPesticide_ok.pdf  
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IVM PEA requirements are the primary references and have precedence, but the other documents may 

be used as a reference. It is not incumbent upon the implementing partner to comply with non-PMI 

documentation except where required by law. However, PMI/USAID requirements are usually stricter 

than others’, so there should not be a conflict. 

PMI will support the training of spray operators and supervisors, and provide overall guidance and 

logistical support to the IRS operations in Madagascar. The contractor will continue to provide technical 

support for environmental compliance, with a medium-term goal of building national capacity to 

progressively transfer responsibilities. Preparations will include the following: 

 A training of trainers program, in which potential supervisors17 and team leaders are trained on 

all aspects of IRS operation. Areas of training shall include planning of IRS, household 

preparations, record keeping, community mobilization, rational/judicious use of insecticides 

including sprayer and PPE cleaning, personnel management, environmental aspects of IRS – 

including geographical reconnaissance, and data recording and analysis. 

 The identification of temporary workers recruited from local areas and trained as spray 

operators and wash persons. New operators will receive five to seven days of training prior to 

the spray operations. Priority areas of training will include: 

 How to properly mix the pesticide, including for liquid organophosphate, triple-rinsing 

the pesticide container while filling the sprayer,  

 Correct spraying (maintaining 35-55 psi pressure, spray nozzle at 45 cm from the 

sprayable surface, swath overlap, etc.), 

 The correct use of protective materials and related safety precautions,  

 Support to households on safety issues,  

 Personal safety relating to the different pesticides used for IRS (carbamate and 

organophosphate-based pesticides, as well as the pyrethroids  which are currently in 

use), 

 Environmental safety in relation to pesticides, including management of the empty 

pesticide sachets, disposal of any leftover pesticide, and proper clean-up equipment and 

techniques, and, 

 The use of daily spray cards and data entry. 

5.12 L. THE PROVISIONS MADE FOR MONITORING THE USE AND EFFECTIVENESS 

OF THE PESTICIDE 

Two kinds of measurements are needed to provide a complete understanding of the effectiveness of 

pesticide that is being used for IRS. The immediate (output) level relates to the efficacy of the pesticide, 

that is, the degree to which the pesticide is able to kill the targeted mosquito vectors, and involves 

direct entomological evaluations on pesticide contact bioassays and related pesticide resistance 
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methodologies as recommended by WHO.18 The second broad level of measuring the effectiveness of 

the pesticides relates to the general goal of reducing the local disease burden. This will require 

specialized entomological and epidemiological skills and the assessment of the impact of vector control 

operations, and possibly the assignment of the contributory impact of the IRS operations. This latter 

measurement is usually done through a combination of methodologies such as measuring the changes in 

parasite inoculation rates, passive case detection at health centers, and periodic community fever and 

parasite surveys (active case detection). 

Another key characteristic of pesticide effectiveness is the longevity of the treatment. This characteristic 

has important economic and health implications: the program must adjust its spray schedule to make 

sure that there is active pesticide on the walls of homes during critical breeding periods. Unfortunately, 

the guidance that is provided with regard to effective period for each pesticide is very broad (e.g. 3-6 

months), and the effective period is probably subject to complex environmental factors such as heat, 

humidity, and substrate (wall) composition. This area is ripe for research, and any contributions that 

could be made towards increasing the knowledge of the relationship between these variables and the 

resultant effectiveness of the pesticide would be very valuable.  

However, pesticide manufacturers are well aware of the need for duration of effectiveness, and in some 

cases are reworking their formulations to provide greater longevity. This is the case for pirimiphos-

methyl organophosphate, which has been formulated as a capsule suspension (CS) that may extend the 

effectiveness of the application out to six months. Because of the length of the malaria season in the 

south of Madagascar, this characteristic may be critical to the success of IRS. Therefore, despite the fact 

that the formulation has not achieved full WHOPES acceptance, it is being considered for use in the 

south of Madagascar for 2014. 
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6. ENVIRONMENTAL AND HEALTH IMPACTS 

This section addresses the risks and hazards of the IRS program in Madagascar.  

 

6.1 POTENTIAL POSITIVE EFFECTS OF THE IRS PROGRAM 

6.1.1 DIRECT POSITIVE EFFECTS 

The direct positive impacts of the IRS program are the reduction in child and adult malaria morbidity 

and mortality that will result in a reduction in human suffering. In addition, economic losses due to 

absenteeism or inability to work will be reduced. Other positive impacts include reduced incidence of 

miscarriages, low birth-weight, adverse effects on malaria-induced fetal neurodevelopment, and reduced 

incidence of malaria-related childhood and maternal anemia, complications, and organ failure. There is 

also the benefit of elimination of other household insects, as well as vermin in some cases.  

6.1.2 INDIRECT POSITIVE EFFECTS 

The IRS program will also indirectly contribute in the enhancement of the local economy in the 

following indirect ways: spray operators, washers, mobilizers, supervisors will all receive a daily payment 

for their work.  There will also be human and institutional capacity building in the form of training of a 

large number of people associated with IRS operations. A reduction in household pests may result in a 

reduction in other diseases carried by the pests. 

6.2 POTENTIAL ADVERSE IMPACTS 

Adverse impacts of IRS project are those unintended effects of the project that can compromise the 

well-being of the environment and/or human health.   

6.2.1 DIRECT POTENTIAL ADVERSE EFFECTS  

6.2.1.1 CONTAMINATION OF SURFACE WATERCOURSES AND UNDERGROUND WATER 

During IRS implementation, it is possible to accidently release insecticides into water bodies during the 

transportation and storage of pesticides, application of insecticides to walls, and clean-up of IRS 

equipment and PPE. It is also possible to have a deliberate release that will affect surface or groundwater 

through washing in areas other than the soak pit, or improper disposal of leftover pesticide. A spill into 

surface water bodies is a key concern in IRS because it could lead to contamination of water routinely 

used for domestic purposes. Fish and other aquatic organisms that are vital to a healthy ecosystem could 

also be wiped out. 

 

Contamination of underground water resources is possible through improper disposal of leftover 

pesticide on the ground, especially if there is a high water table. However, the impacts of this risk are 

likely to be insignificant, primarily because the sites for soak pits are carefully chosen according to 

criteria in the PMI BMPs, and secondarily because pyrethroids, OPs and carbamates degrade very quickly 

when exposed to sunlight and in the soil. If wash areas and soak pits are properly constructed and used, 

liquid pesticide waste will be captured in the charcoal layer of the soak pit and held until it breaks down 

by natural processes. 
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6.2.1.2 IMPACTS TO BIRDS, FISHES, AND OTHER ORGANISMS FROM PESTICIDES 

The degree of toxicity of the four WHO approved pesticide classes to birdlife, aquatic life and insects 

especially bees including the degree of persistence and bio-accumulation is well-documented and very 

important to remember. See Table 5 in Section 4.5 of this SEA Amendment #2 for details. 

6.2.1.3 IMPACTS ON BEES 

Bee keeping is done at a household level and the sale of honey provides some income to the residents. 

Spraying in areas near beehives can lead to the death of the bees, which are vulnerable to all WHO-

recommended pesticides. In addition, spraying near hives can lead to contamination of edible honey. 

These risks must be mitigated at all times. The project will make conscientious efforts to identify 

locations where beehives are kept, and observe a 30 meter no-spray buffer zone around them.  

6.3 INDIRECT ADVERSE EFFECTS 

After completion of the IRS program, USAID will leave remaining IRS equipment in the hands of the 

DHOs and with the communities (community based programs); and will no longer supervise its use. IRS 

equipment left to district health officials includes backpack compression sprayers, used, clean boots, 

wash basins, progressive rinse barrels, etc. that are still in operable condition. The action of leaving 

behind IRS equipment may temporarily, and in a minor way increase the total pesticide load on the 

environment. 

6.3.1 SUMMARY OF TOXICITY OF PESTICIDES TO AVIFAUNA, AQUATIC LIFE, MAMMALS 

AND INSECTS BY CLASS 

6.3.1.1 PYRETHROIDS:   

• All pyrethroids are highly toxic to bees and highly toxic to fish and other aquatic organisms 

except Deltamethrin, which has low toxicity to other aquatic organisms19. 

• Birds, if exposed, are most affected by bifenthrin (low to medium toxicity). All other pyrethroids 

have very low toxicity to birds. 

• In the pyrethroid class, only lambda cyhalothrin is highly toxic to mammals. Alpha-cypermethrin 

and etofenprox have very low toxicity to mammals while bifenthrin, cyfluthrin and deltamethrin 

have low to medium toxicity. 

• In terms of persistency in the environment, only cyfluthrin is considered persistent.  The rest of 

the pyrethroids have low to medium persistence.  

• Bifenthrin does not accumulate in the environment. Potential for bio-accumulation in aquatic 

organisms for deltamethrin and cyfluthrin is relatively low while lambda-cyhalothrin is medium 

and alpha-cypermethrin is high. 

 

6.3.1.2 CARBAMATES (BENDIOCARB AND PROPOXUR) 

• Carbamates are highly toxic to bees, and have the potential to cause cholinesterase depression 

in humans. Care must be taken to avoid skin contact with carbamates, especially by spray 

operators. All spray personnel should be trained to recognize the symptoms of cholinesterase 

depression, and know the protocol for obtaining medical assistance.  

• In addition to other aquatic organisms propoxur is also highly toxic to mammals and birds. 

Acute symptoms of propoxur poisoning in birds include eye tearing, salivation, muscle 
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incoordination, diarrhea, and trembling. Depending on the type of bird, poisoning signs can 

appear within 5 minutes of exposure, with deaths occurring between 5 and 45 minutes, or 

overnight. On the other hand this insecticide has very low toxic properties on fish.  

• Bendiocarb has low to medium toxicity on mammals and birds.  

• In general both carbamates have low to medium indications for persistency in the environment 

and bioaccumulation in organisms 

6.3.1.3 ORGANOPHOSPHATES (OPS) 

• OPs have different characteristics and impacts on different organisms depending on the type of 

insecticide. However, all three WHO-approved OPs have the potential to cause cholinesterase 

depression in humans and other organisms, and skin contact with these pesticides must be strictly 

avoided, especially by spray personnel. All spray personnel should be trained to recognize the 

symptoms of cholinesterase depression, and know the protocol for obtaining medical assistance.  

• Fenitrothion has low toxicity on mammals and fish and is not persistent in the environment. 

However it is highly toxic to bees, birds and other aquatic organisms, like crustaceans and 

aquatic insects and has a medium toxicity to aquatic worms. It has moderate to medium 

potential to bioaccumulate in organisms. 

• Malathion is only highly toxic to bees. It has very low impacts on fish and other aquatic 

organisms, and has a very low potential to bioaccumulate in organisms or persist in the 

environment. Its toxicity on mammals and birds is low to medium. 

• Pirimiphos-methyl is highly toxic to fish and other aquatic organisms and has a high potential to 

persist in the environment. It has low to medium toxic effects on mammals and bees. It does not 

bioaccumulate in organisms.  

6.4 HUMAN EXPOSURE RISKS/IMPACTS 

Exposure risks of all WHO approved pesticides in relation to cancer and non-cancer endpoints, and 

with respect to exposure dosage, Hazard Quotient and the Life Time Average Daily Dose are presented 

in IVM PEA 2012. The exposure risk for cancer and non-cancer endpoints is presented at different 

stages of the pesticide application including mixing, spraying, post spraying, dermal risk, etc.   

6.4.1 INHALATION EXPOSURE AND RISK DURING MIXING   

• Of the proposed pesticides, only etofenprox (pyrethroid) and propoxur (carbamate) have 

carcinogenic properties once threshold levels are exceeded.  

6.4.2 DERMAL EXPOSURE AND RISK DURING MIXING   

• On the WHOPES list of insecticides to be used in IRS only three (DDT, etofenprox (pyrethroid) 

and propoxur (carbamate)) have been determined to be carcinogenic at dermal exposure levels 

of  8E-07 mg/kg-day for etofenprox and 4E-06 mg/kg-day for propoxur.  

6.4.3 INHALATION EXPOSURE AND RISK DURING SPRAYING  

• Of the proposed pesticides, only etofenprox (pyrethroid) and propoxur (carbamate) have 

carcinogenic properties once threshold levels are exceeded. 

6.4.4 DERMAL EXPOSURE AND RISK DURING SPRAYING 

• Of the proposed pesticides, fenitrothion and pirimiphos-methyl have non-cancer risks due to 

dermal exposure. 
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6.4.5 RESIDENT DERMAL EXPOSURE AND INGESTION RISK AFTER SPRAYING   

• The only concerns are to adults when using cyfluthrin and etofenprox (pyrethroids) and 

propoxur (carbamate). The risk is however very low. 

6.4.6 RESIDENT EXPOSURE AND RISK DUE TO CHRONIC INGESTION AFTER SPRAYING   

• There are four insecticides with potential impact due to chronic ingestion by drinking insecticide 

contaminated water. These are Cyfluthrin, Permethrin and Etofenprox (pyrethroids) and 

propoxur (carbamate). Best management practices are recommended. 

6.4.7 RESIDENT DERMAL EXPOSURE AND RISK DUE TO BATHING USING CONTAMINATED 

GROUNDWATER   

• Cyfluthrin and etofenprox (pyrethroids) have potential impact for dermal exposure using 

contaminated groundwater. When best management practices are applied in IRS, this risk is 

significantly reduced.   

6.4.8 RESIDENT EXPOSURE AND RISK DUE TO REUSE OF PESTICIDE CONTAINERS  

• Only deltamethrin is registered to have potential for acute ingestion from using pesticide 

containers. However, residents will have no access to pesticide containers used in IRS. The 

pesticide containers are only available in IRS storage facilities which are securely double locked 

and must be disposed by recycling into non-consumer products or incineration at high 

temperature. 

6.4.9 WORKER EXPOSURE AND RISK DUE TO INHALATION DURING SPILLAGE 

• According to information presented in the IVM PEA, etofenprox and propoxur have potential to 

impact workers through inhalation during spillage. The workers are trained on how to handle 

spillage and must be equipped with appropriate PPE. 

6.4.10 WORKER AND RESIDENT EXPOSURE PATHWAY 

During the IRS spraying process, spray personnel are at risk of un-intentional or deliberate exposure 

through accidents or poor and improper handling of the spray chemical. Worker exposure to the 

chemical could arise during the pre-spraying, spraying and post-spraying phase of the IRS operations. 

Beneficiaries can also be exposed during each of these phases, and additionally over the life of the 

pesticide on the wall. 

6.4.10.1 PRE SPRAYING EXPOSURE PATHWAY 

Preparing pesticide solutions during the IRS requires pouring the pesticide in the spray pump to ensure 

ample mix with the water. The process of mixing the pesticide can lead to exposures via inhalation, 

dermal contact, and incidental ingestion, mostly from releases of pesticide vapors, and solutions. Vapor 

releases can occur when liquid concentrated emulsions are diluted. Workers or residents can inhale the 

vapors or the particulates or be exposed through dermal contact. Spills could also pose significant risk, 

especially for children who ingest the resulting residues that are left on surfaces such as food, floors, 

soil, as well as absorbing additional doses from eating plants and animals contaminated during the 

preparation for spraying. 

6.4.10.2  EXPOSURE DURING SPRAYING 

Inhalation of aerosol vapors during spraying is the main process for worker exposure during IRS, 

however, dermal exposure through spills or absorption onto cotton overalls is also a significant risk. 

Especially in the case of OPs, the dermal hazard is significant, and can cause cholinesterase depression. 
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Residents are mainly exposed through dermal contact with sprayed surfaces and incidental ingestion of 

insecticide after their houses have been sprayed, especially when food or drink are left in the house 

during spraying. Leaky equipment can also lead to insecticide exposure through dermal contact with the 

floors and incidental ingestion by children who may come in contact with the spills before they are 

cleaned up.   

6.4.10.3 EXPOSURE DURING DISPOSAL (INCLUDING PROGRESSIVE RINSING) 

Disposal is a key issue with IRS intervention that utilizes pesticides especially during the decontamination 

process and disposal of the liquid effluent that will arise from washing and progressive rinse. Both 

burying and dumping can lead to dermal exposure to residents who come in contact with the soil or 

water in which the pesticide was disposed. Ingestion exposure can occur from drinking contaminated 

surface water. Once the excess formulation gets into the soil, the pesticide can reach the groundwater, 

which may be used as a water supply via household wells. Residents may then be exposed to this 

contaminated water by ingestion or by dermal contact when it is used for cleaning or drinking purposes. 

6.4.10.4 OCCUPANT LONG-TERM EXPOSURE FROM RESIDUE 

Residents of sprayed structures, especially crawling babies and children, will have a finite exposure risk 

due to physical contact with sprayed surfaces, as well as small amounts released from substrate walls, 

ceilings, and eaves, due to physical surface breakdown.  

6.5 CUMULATIVE IMPACT 

The combined, incremental effects of human activity, referred to as cumulative impacts, pose a serious 

threat to the environment. Cumulative impacts develop over time, from one or more sources, and can 

result in the degradation of important resources. 

 

The critical resources or ecosystems that can be affected by the IRS program over a period of time 

especially with regards to pesticide application include water supply, food supply, waste 

assimilation/disposal capacity, river, lake, and stream quality, agriculture, aquaculture, apiculture, human 

and animal health, biodiversity resources, environmental services, and others. Pesticide run-off and 

accumulation in the rivers, streams and other water bodies, can lead to the progressive contamination 

of the water resources and reduction of aquatic biodiversity. However, using the IRS BMPs reduces the 

likelihood of releases, and the chances of a series of releases within the pesticides half-life are extremely 

unlikely, except in the case of willful malfeasance.  

 

Continuous human exposure to pesticides over time can lead to health risks or complications, especially 

among spray operators and others in close contact with pesticides. This is particularly true in the case of 

OPs. However, the risk assessment performed in the IVM PEA indicates minimal exposure with the use 

of proper technique and appropriate PPE, i.e. dust masks, helmet, face shield, gloves, overalls and boots 

that minimize exposure by dermal absorption or inhalation, and a great reduction in the potential for 

harm.  

 

The sprayed pesticides solidify on the walls, ceilings, and eaves of the structures, and become largely 

immobile and significantly less harmful. Exposure to the occupants will be further reduced by the 

procedures and safety measures described in the EMMP.   

 

Pyrethroids, OPs and carbamates degrade very quickly when exposed to light and to the external 

environment, thus the cumulative and residual adverse impacts of their use will be insignificant. The soak 

pits used for waste disposal are designed to break down influent pesticides wastes within about three 

months, while the pesticides are held by the charcoal used in pit construction. 
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The long-term use of any pesticide could lead to insecticide resistance.  To minimize this cumulative 

impact, insecticide resistance is actively monitored.  The proposed action is designed with the concept 

of vector monitoring, insecticide rotation and mosaicking which will reduce the future incidence of 

vector resistance.   
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7. SAFER USE ACTION PLAN  

This section outlines the safer use action plan proposed for the potential adverse impacts outlined 

above.  The primary mitigation measures include delivery of a mix of IEC approaches targeting the 

residents and spray operators and all IRS personnel, training of spray operators and strengthening 

supervision and monitoring, and provision of appropriate PPE. The mitigation measures, along with 

monitoring and reporting information, are compiled in the EMMP found in Annex A and in Annex D.  

7.1.1 PESTICIDE QUALITY ASSURANCE 

The procurement and use of pesticides that do not meet the necessary quality assurance standards can 

compromise the overall spray quality and desired vector action while at the same time could expose the 

residents and spray operators to hazards related to altered toxicological characteristics. Madagascar 

does not currently have a certified laboratory to do quality assurance tests. It is assumed that all 

pesticides procured from reputable manufactures are of good quality and testing in country is not 

required. Pesticides that are manufactured at the Adami Tulu plant are sent to a certified laboratory in 

Belgium for quality testing.  

7.1.2 PESTICIDE TRANSPORT  

After the procurement of the insecticides for use during the current IRS campaign, insecticides are 

expected to move to the district warehouses by road. During transportation, there is a risk of vehicle 

accidents and consequently insecticide spillage. The transport must comply with Madagascar ’s 

environment management regulation, statutory instrument 12 of 2007 section 14, regarding hazardous 

substances, pesticides and other toxic substances and the guidelines of NEMA on transport of pesticides. 

 

Prior to long-distance transport of the insecticide from the customs warehouse/central storage facility of 

the supplier, drivers will be informed about general issues surrounding the insecticide and how to handle 

emergency situations (e.g. road accidents).  Training for long-distance transport will include the following 

information: 

• Purpose of the insecticide.  

• Toxicity of the insecticide. 

• Security issues, including implications of the insecticide getting into the public. 

• Hazardous places along the routes to be taken, and mitigation measures. 

• Steps to take in case of an accident or emergency (according to FAO standards). 

• Combustibility and toxicity of combustion byproducts of insecticide. 

Drivers hired specifically for the spray campaign period will receive:  

• Training in operator transportation best practices and vehicle requirements from PMI BMP #2, 

Worker and Resident Health and Safety. 

• Training provided to spray operators (with the exception of sprayer operation and spray 

practice). 

• Handling an accident or emergency (according to FAO standards). 

• Handling vehicle contamination. 

 

The vehicles to transport insecticides must be in good condition and preferably a lockable box truck. If 

the pesticides are to be left unattended for any period of time, including lunch breaks or overnight 

stops, a lockable box truck is essential. 
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FIGURE 7: EMERGENCY RESPONSE TO INSECTICIDE SPILLS 

 

IN CASE OF INSECTICIDE SPILLS 

 Control, contain and clean up the spill 

 Protective clothing should be donned prior to attempting to clean the spills.  

 It is imperative to avoid fire as a result of the accident and a fire extinguisher 
should be deployed just in case. The engine should be shut off and smoking in the 
area strictly prohibited.  

 Onlookers and bystanders should be cautioned against approaching the accident 
site.  

 If the crew has come in contact with the pesticides, they should remove 
contaminated clothing immediately and wash the pesticide off their skin.  

 For major spills send for help immediately; drivers should have cell phones and 
an emergency number for use in such cases.  

 People should be kept away and the spill covered with earth, sand, etc.; no 
attempt should be made to wash away the spill with water or other substances.  

 Vehicles that are used for transporting large quantities of pesticides should be 
equipped with a bucket of sand, sawdust or soil, a shovel, and fire extinguisher. 

 
 

Because vehicles used for insecticides transportation can be used for the transport of other goods, 

including food, it is important to ensure that vehicles are decontaminated.  The drivers will be 

responsible for cleaning and decontaminating the interior of the vehicle and exterior bed at the end of 

the spray campaign.  Drivers will be provided with gloves, overalls, and rubber boots to wear for 

cleaning the vehicle.  All cloths used in wiping down the interior and bed of the vehicle will be washed 

with soap. 

7.1.3 WAREHOUSE/STORAGE RISK MANAGEMENT 

In order to mitigate risks associated with pesticide storage, the following key points will serve as key 

mitigation steps:   

• All primary pesticide storage facilities will be double-padlocked and guarded on a 24 hour basis. 

• All the storage facilities will be located away from nearby watercourses, domestic wells, 

markets, schools, hospitals, etc. 

• Soap and clean water will be available at all times in all the facilities. 

• A trained storekeeper will be hired to manage each facility. 

• Recommended pesticide stacking position and height in the warehouse as provided in the FAO 

Storage and Stock Control Manual will be followed. 

• All the warehouses will have at least two exit access routes in case of fire outbreak. 

• A fire extinguisher will be available in the storage facilities and all workers will be trained on 

how to use this device. 

• Warning notices will be placed outside of the store with skull and crossbones and the local 

language (Ndebele and Shona). 

• All pesticides waiting to be used and any remnants will be stored under lock and key until the 

next rounds of spraying.   
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 ACCIDENTAL WAREHOUSE FIRES 

Human inhalation of toxic fumes in the event of a storehouse fire is also an unavoidable risk. The risk 

can be minimized, however, by following BMPs for storage, including prohibiting lighted materials in the 

warehouse and in the vicinity of pesticides, providing proper ventilation, etc.  

7.1.4 FETAL EXPOSURE (PREGNANCY TESTING) 

All female candidates for washers will be tested for pregnancy before being recruited into the spray 

operations and every thirty days until operations end.  Females found to be pregnant will be re-assigned 

to positions that do not have the potential for exposure to insecticides.  Women who are breastfeeding 

cannot have any contact with pesticides, and are thus prohibited from spraying of pesticide or washing 

contaminated items.    

7.1.5 SPRAY OPERATOR EXPOSURE  

Each spray operator will be provided with safety equipment in accordance with PMI BMP specifications.  

Workers will be closely monitored for acute symptoms, because there will always be some level of 

exposure. In addition, workday duration should be monitored to limit exposure as required by safety 

recommendations.   

 

Monitoring spray operators for symptoms of pesticide exposure will be mandatory for team leaders and 

supervisors, as well as for storekeepers and other senior personnel. Any case of an operator or 

beneficiary displaying symptoms of exposure will require the immediate completion of a standard 

Incident Report Form by the district coordinator, who will forward the report to the AIRS Operations 

Director.    

 

Similarly, residential exposure will be monitored.  During the IEC campaign, residents are made aware of 

the steps to take if exposed, and especially if acute symptoms are encountered, the advice is to report 

to the nearest health facility. Thus reported cases at health facilities or by IEC mobilizers will serve as 

the principal monitoring strategy for exposure incidents. 

 

The individuals recruited for IRS campaigns will receive intensive training on the use, operation, 

calibration and repair of the spray pumps and practical exercises during a five-days training period prior 

to the beginning of the spraying campaign.  They will also receive training to understand proper hygiene, 

to recognize the signs and symptoms of poisoning, and to understand the referral procedure for any 

incidents involving poisoning.  This training will be conducted in accordance with 2002 WHO’s Manual 

for Indoor Residual Spraying and the BMP.  Potential spray operators must also pass written and practical 

tests at the end of training.   

 

For malathion and fenitrothion OPs, it will be necessary to monitor the level of acetyl cholinesterase in 

any worker who may have been exposed to contamination. Occupational exposures to OP insecticides 

are measurable using blood cholinesterases and urinary excretion of chemical biomarkers. PMI will 

evaluate various approaches for monitoring sprayer exposure to OPs, and will develop protocols based 

on these evaluations. PMI will use these protocols to guide the implementation of the OP monitoring 

program. 

7.1.6 RESIDENTIAL EXPOSURE  

District and Sector Coordinators, Health Extension Workers, implementing partners and IRS staff will 

work with relevant institutions at all levels to carry out an IEC campaign to sensitize residents to IRS 

activities, in accordance with WHO guidelines and also Madagascar National Malaria Strategy Plan 2011-

2015 and PMI Malaria Operational Plan. The IEC campaign (as well as IRS Project team leaders and 
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Health Extension Workers who will also instruct residents on best practices prior to spraying) should 

focus on the following elements of residential safety during an IRS program:  

• Clear homes of mats or rugs, furniture, cooking implements and foodstuffs prior to spraying; if 

furniture cannot be moved out of the home, then move it to the center of the room and 

covered with impermeable material.  

• Stay outside the home during spraying for two hours after spraying. 

• Move and keep all animals outside the home during spraying, and for two hours after spraying. 

• After two hours, open all windows and doors and air the house out for ½ hour. 

• Sweep up any insects killed from the spraying and drop them in latrine pits.  

• Sweep floors free of any residual insecticide that may remain from the spraying and dispose of in 

pits or latrines. 

• Do not re-plaster or paint over the sprayed walls after spraying.   

• Keep using bed-nets for protection against malaria. 

• If skin itches after re-entrance into home, wash with soap and water; for eye irritation, flush 

eyes with water; for respiratory irritation, leave the home for fresh air; for ingestion, if soap and 

water are unavailable, or if symptoms persist, contact program staff or go to nearest health 

facility which has the appropriate medical intervention. 

• If spraying during the rainy season, the teams should follow the following Contingency Plan 

which will minimize exposure of household effects. 

During the rainy season: 

• Each spray operator must be given adequate covering material (3m by 3m minimum), which 

should be used to cover household effects not removed from the houses.  

• Adopt a system of moving household effects to the center of the room and covering them with 

impermeable material before spraying. 

• Materials can also be moved into structures that are not targeted to be sprayed, e.g., an isolated 

kitchen or other domestic animal shelter. 

• Move the household effects to one room which will not be sprayed on that particular day, but 

the next day. 

• The spray teams should pay close attention to any signs of potential rains so that they prepare 

the communities accordingly. 

When it rains in the mid of spraying: 

• Stop the spraying activities. After the rains stop and the weather is considered good, spraying 

can continue. 

• Cover the household effects with an impermeable material. These materials should have already 

been procured by the program and given to each operator. 

7.1.7 PESTICIDE EXPOSURE AND TREATMENT   

The project will ensure that all the health facilities around the spray sites have in their store these 

recommended drugs and that all the staff responsible receives appropriate training on administering 

emergency treatment to pesticide exposure. Annexes B and C provide additional information on 

symptoms and treatment protocols. 

 

All the spray operators, team leaders, and supervisors will receive detailed training on the emergency 

steps to take if accidental exposure of the chemical occurs including ingestion, eye or dermal contact 

with the chemical.  This training will be conducted by the District and Sector Coordinators and will 

include drills to test knowledge of the operators. However, most interventions will have to be provided 

by medical professionals at the nearest health clinic. 
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7.1.8 SOLID AND LIQUID CONTAMINATED WASTES  

Liquid wastes will be disposed of on a daily basis in soak pits that are carefully sited according to criteria 

in the PMI BMP manual. The soak pit is designed so that pesticides are adsorbed by the charcoal layer, 

and held until environmental processes result in the degradation of the pesticide. 

At the end of the spray season, non-contaminated wastes, or those that are cleaned thoroughly with 

soap and water will be recycled whenever possible, and disposed of in a landfill if there is no appropriate 

recycling outlet. Contaminated solid wastes are incinerated in approved incinerators that destroy the 

pesticide and prevent environmental contamination.  In Madagascar, the incineration will take place at 

the Adonis incinerator in Antananarivo, which meets PMI criteria for destruction of non-chlorinated 

pesticide waste. The EMMP in Annex A details the steps and measures that will be taken to prevent 

negative impacts on the non-target ecosystems. 
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 EMMP IMPLEMENTATION 

The PMI implementing partner will implement the EMMP, with guidance from ONE, MOH, and the 

NMCP, and with the assistance and involvement of the local communities. All senior staff in charge of 

implementation of IRS will be trained to monitor operations when in the field, in order to maximize 

supervisory oversight and ensure effectiveness of the mitigation measures during spray operation. The 

District and Sector Coordinators will monitor environmental compliance during the IRS campaign.  The 

implementing partner will complete the annual EMMP Report Form in Annex D and certification form in 

Annex E, and submit them to USAID along with the annual report.   

The implementing partner’s Environmental Compliance Officer will conduct environmental compliance 

assessments and inspections during pre-spray activities, during spray operations and at the completion of 

the spray campaign. These inspections will endeavor to ensure that all of the critical facilities are in 

place, that mitigation measures in the EMMP are implemented, and to propose measures for current 

improvements (if necessary) and/or for the next IRS campaign. These compliance inspections achieve the 

following objectives: 

 Create a baseline of current compliance activities for the purpose of evaluating improvement in 

future IRS programs.  

 Observe IRS activities in progress to determine and document whether the intervention is in full 

compliance with USAID requirements as included in the approved SEA.  

 Determine, in consultation with NMCP officials, the training and support required to improve and 

ensure future compliance with the SEA.  

 Ensure adherence to relevant international rules and regulations, including USA regulations.  

 Ensure accurate record keeping and daily collection of empty sachets.  

 Ensure that progressive rinsing methods are used in all spray sites and ensure that leftover 

insecticide solution is re-used for spraying the next day to prevent environmental contamination.  

 Ensure that SOPs, washers, team leaders and supervisors are knowledgeable of the correct way to 

handle and apply insecticides.  

 Ensure that all persons in potential contact with pesticides use PPE at all times.  

 

As required by USAID’s Automated Directives System 204.3.4, USAID will actively monitor ongoing 

activities for compliance with the recommendations in this Supplemental Environmental Assessment 

(SEA), and modify or end activities that are not in compliance.  PMI has annually-programed funds to 

conduct an independent environment compliance audit to ensure that all the mitigation measures are 

implemented during the spray campaign. 

The implementing partner will submit an annual Letter Report that describes the plans and preparations 

for the upcoming spray season. This Letter Report will be distributed to the MEO, REA, and the BEOs, 

as well as to Mission personnel. If the use of organophosphates is contemplated, this Letter Report will 

require concurrence from the Global Health and Africa BEOs. 
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ANNEX A: ENVIRONMENTAL MITIGATION AND 

MONITORING PLAN  

Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

Driver and/or community 

exposure, or 

environmental 

contamination due to 

improper transport of 

pesticide 

 Driver training according to PMI and 

FAO recommendations 

 Provision of appropriate equipment 

(reliable vehicle with side walls 

capable of negotiating rugged roads, 

tie-downs, packing materials, tarps, 

spill clean-up kit) 

 Cautious driving while transporting 

chemicals 

 Checking for and repairing leaks from 

spray equipment prior to transport 

 In case of accident, completion of 

accident and corrective action report 

Once prior to 

campaign, 

reinforcement as 

needed 

 

 

Continuous 

 Completed 

inspection  

checklist 

 Vehicle 
inspection 
Reports 

 Accident 
reports 

 Procedures being 

followed 

 Demonstrated 

knowledge 

 Existence of training 

materials 

 Absence of vehicle 

accidents  

 Vehicle condition 

 Absence of spills during 

insecticide transport 

Drivers, Implementing 

partners, pesticide distributors, 

spray team leaders 

Environmental 

contamination due to 

improper siting or 

construction of storage and 

wash facilities 

 Use site qualification checklist. Locate 

storage and wash facilities on high 

ground, above floodplains, away from 

sensitive receptors (water bodies, 

birds, bees, fish, children, etc.). 

Provide berms around pesticide 

storage if necessary. 

 Use appropriate construction 

materials as specified in FAO 

recommendations  

Once prior to 

campaign 

 Site 
qualification 
checklist,  

 inspection 
reports 

 Storage and wash 

facilities outside of 

floodplain and away from 

sensitive receptors 

(birds, bees, fish, 

children, etc.) 

 Constructed of suitable 

material 

  Adequately ventilated    

  Adequate storage space  

District Coordinators, 

Implementing partner  

Storekeeper and/or  Provision of secure storage facilities Once prior to  Training  Dedicated and trained Storekeeper, spray team 
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Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

community exposure or 

environmental 

contamination due to 

improper storage or 

pilferage  

Storekeeper and/or 

community exposure or 

environmental 

contamination due to 

improper storage or 

pilferage  

 Training of storekeepers, team 

leaders and supervisors according to 

FAO recommendations 

 Daily tracking of insecticide sachets 

issued, used, and returned  

 Storage procedures according to PMI 

BMPs  

 Storekeepers trained to not issue 

pesticides for agricultural or any 

other unauthorized use 

campaign 

 

 

 

Continuous 

 

 
 

Continuous 

records, waste 
transportation 
record and 
inventory record 

 Daily 

supervision 

reports 

 Inspection 

report  

storekeeper who 

demonstrates knowledge 

and uses correct 

procedures 

 Stock records up-to-date 

 Stocks orderly, rotation 

system in place 

 Expiration dates 

observed 

 Empty sachets collected, 

counted and reconciled 

with amounts issued  

 Ratio of structures 

sprayed to  sachets 

issued  

 Storehouse temperature 

measured and recorded 

 No leaks or spills evident 

 Insecticides not stored in 

same room with food, or 

medicine, or in inhabited 

spaces 

 Facility physically secure, 

padlocked and guarded 

when not in use 

 No fire, flame, smoking 

or eating allowed in 

storage areas 

supervisors, spray team 

leaders, Implementing partners 

Personnel handling OPs or 

carbamates experience 

cholinesterase inhibition 

(CI) due to exposure. 

(Symptoms include 

tiredness, weakness, 

 For all pesticides, all storage, spray, 

and wash (SSW) personnel receive 

training in recognizing effects of 

pesticide poisoning, remain alert to 

symptoms amongst their co-workers 

and respond appropriately. 

Training: 

Included in pre-

campaign 

orientation, and 

in training for 

new personnel. 

 Training record  

 Pre/mid 

Inspection 

reports 

 Daily 

supervision 

 Demonstrated 

knowledge of symptoms 

of poisoning, emergency 

treatment, and referral 

protocol by supervisors, 

team leaders, SSW 

District and Sector 

Coordinators, Implementing 

partners 
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Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

dizziness, nausea and 

blurred vision, headache, 

sweating, tearing, drooling, 

vomiting, tunnel vision, and 

twitching, abdominal 

cramps, muscular tremors, 

staggering gait) 

 PMI will evaluate various approaches 

to monitoring sprayer exposure to 

OP pesticides and will develop 

protocols, based on these 

evaluations, for a monitoring 

program. 

 

PMI will use the 

protocols 

developed to 

inform the 

implementation 

of PMI program 

monitoring for 

OP pesticides. 

 

reports. personnel 

 Antidotes available at 

health facilities 

Acute effects of pesticide 

toxicity go untreated 

(Symptoms include 

tiredness, weakness, 

dizziness, nausea, blurred 

vision, headache, sweating, 

tearing, drooling, vomiting, 

tunnel vision, twitching, 

abdominal cramps, 

muscular tremors, 

staggering gait) 

 Employ CI testing as needed 

 Team leaders, storekeepers trained 

to recognize symptoms and enforce 

treatment protocols. (e.g., medical 

referral) 

 Ensure treatment medicines are 

available at District health centers.  

 If skin itches after re-entrance into 

home, wash with soap and water, for 

eye irritation, flush eyes with water. 

 For respiratory irritation, leave the 

home for fresh air.  

 For ingestion, or if symptoms persist, 

contact program staff or go to 

nearest health facility. 

Training on 

symptoms and 

responses prior 

to each campaign  

 

Continuous 

observation, 

reinforcement 

and enforcement 

of treatment 

protocols 

 Trainining 

record 

 Interview of 

community  

 Daily 

supervision 

reports 

 

 Demonstrated 

knowledge of signs and 

symptoms of poisoning, 

emergency treatment, 

and referral protocol by 

SSW personnel, and 

residents 

 CI test results 

 Antidotes and treatment 

medicines available at 

health facilities 

Spray team supervisors, spray 

team leaders. District and 

Sector Coordinators, and 

Implementing partners  

Exposure of SSW 

personnel and/or 

community during spray 

operations due to 

improper spray procedures 

Failure to realize/receive 

the benefits of IRS due to 

improper spray procedures 

 Training of SSW personnel and health 

workers according to MOH and 

WHOPES recommendations 

 Proper assembly and calibration of 

spray equipment 

 Proper spray patterns 

 Proper cleanup and equipment 

storage procedures 

Once prior to 

campaign 

 

 

 

 

 

Continuous 

 Inspection 

reports 

 Interviews 

 Training 

records 

 Supervision of 

operators, 

testing  of 

sprayed surface. 

 SSW personnel and 

health workers display 

knowledge by following 

procedures at all times 

 Frequently agitate spray 

can 

 Hold pump such that 

compression gage can be 

seen 

Spray team supervisors, spray 

team leaders, Implementing 

partners 
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Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

 Discipline SSW personnel who do 

not follow proper procedure in all 

aspects of operations (handling, 

spraying, hygiene, cleanup) 

  Stands parallel to wall 

being sprayed 

 Stands 45 cm from wall 

 1m/2.5 sec spray rate 

 75 cm swatch width and 

5 cm overlap 

 All eaves and interior 

surfaces sprayed except 

dedicated kitchens 

SSW member or 

community exposure, or 

environmental 

contamination due to 

equipment or PPE issues 

 Use of sprayers manufactured and 

maintained according to WHOPES 

specifications  

 Proper assembly and calibration of 

spray equipment  

 Procurement and proper use of PPE 

by all persons in contact with 

pesticides 

Continuous  Inspection 

reports 

 Observations  

 Interview 

 

 All PPE as specified in 

WHOPES 

recommendations in 

good condition and worn 

by all personnel in 

contact with pesticides 

 Condition of spray 

equipment 

 Spray nozzle not dripping 

during spraying or 

transportation 

 CI levels 

Spray team supervisors, spray 

team leaders, Implementing 

partners 

 Residential Exposure 

from contaminated 

household goods 

 Training of spray operators to refuse 

to spray houses that are not properly 

prepared 

 IEC Campaign, instruct residents to: 

 Clear homes of mats or rugs, 

furniture, cooking implements and 

foodstuffs prior to spraying 

 If furniture cannot be moved out of 

the home, then move it to the center 

of the room and cover with drop 

cloth 

 Stay outside the home during 

Training and 

communication 

program prior to 

campaign,  

Spray operators 

require 

household goods 

removal prior to 

spraying domicile 

 Completed 

checklists 

 Daily reports 

 

 IEC materials developed 

and include specific 

instructions 

 IEC materials delivered in 

appropriate fashion 

 Residents outside house 

during spraying 

 Food and goods outside 

house during spraying 

 Furniture covered during 

spraying 

 Residents stay outside 

District and Sector 

Coordinators, Implementing 

partners, spray operators, 

team leaders, supervisors 
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Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

spraying and for two to four hours 

after spraying 

 Move and keep (tie-up or cage) all 

animals outside the home during 

spraying, and for four hours after 

spraying 

 Sweep up any insects killed from the 

spraying or any residual insecticide 

and drop waste in latrine pits 

for four hours after 

spraying 

 Residents sweep floor 

and dispose of waste 

properly 

 Occurrence of 

skin/eye/throat irritation 

 Houses not sprayed for 

lack of preparation 

 Failure to realize 

benefits of spraying 

due to post-spray 

behavior change 

 Train residents to continue using bed 

nets for protection against malaria, 

and to refrain from re-plastering or 

painting over the sprayed walls after 

spraying, re-plaster prior to spraying 

if necessary  

Prior to each 

campaign 
 IEC records 

 Homeowner 

interviews 

 Observations 

during mid-

spray 

inspections  

 Continued bed net use 

 Walls not plastered after 

spraying 

Village and district leaders 

 Staff and community 

exposure in vehicle 

used to transport 

spray team and/or 

pesticides 

 Frequent washing interior and 

exterior of program vehicles after 

pesticide transport using soap and 

water and PPE 

Continuous  Inspection 

reports 

 Observations  

 Vehicle condition Spray team supervisors, spray 

team leaders, Implementing 

partners, drivers 

 SSW personnel 

exposure due to poor 

personal hygiene 

 Training and enforcement in good 

personal hygiene, daily washing of 

protective clothes and cleaning of 

equipment  

 Prohibition of eating, drinking and 

smoking during travel, work or 

before decontamination 

 Discipline SSW personnel that do not 

follow proper procedures in all 

aspects of operations (handling, 

spraying, hygiene, cleanup) 

Training once 

prior to 

campaign, 

continuous 

reinforcement 

and enforcement 

of good personal 

hygiene 

 Completed 

checklists 

 Observations  

 Daily supervison 

reports. 

 Two uniforms and PPE 

issued to each spray 

operator and one set 

cleaned each day 

 No eating, drinking or 

smoking witnessed 

during operations or 

prior to washing  

 Adequate numbers of 

shower/bathing facilities 

available  

 Shower or bath taken, 

Spray team supervisors, spray 

team leaders, Implementing 

partners 
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Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

face/neck and hands 

washed with soap and 

water. 

 SSW personnel and/or 

community exposure 

due to poor waste 

management 

procedures 

 Procurement of barrels for 

progressive rinse, and wash-tubs for 

personal hygiene; close supervision of 

triple rinse and wash procedures: 

equipment labeled as District Health 

Office property to deter sale and 

domestic use in event of pilferage 

 Collection, counting, and comparing 

number of empty sachets to 

disbursement records, collection of 

worn/torn gloves and masks 

 Shipment of all wastes to authorized 

incinerator, destruction witnessed by 

implementing partner and Ministry of 

Health official 

Once prior to 

campaign 

 

 

 

 

Continuous 

 Waste disposal 

certificate 

 Post inspection 

reports 

 

 Purchase records, 

inspection reports, waste 

disposal records from 

incinerator  

District and Sector 

Coordinators, Implementing 

partners 

 Exposure of residents 

needing physical 

assistance during spray 

operations 

 Communities establish system to 

assist the elderly and disabled in 

removing self and goods from the 

household.  

 Spray operators enforce removal of 

household goods  

Train operators 

once prior to 

campaign 

Continuous 

enforcement 

 Resident 

feedback,  

 inspection 

reports 

 IEC campaign adequately 

addresses issues 

surrounding the elderly 

and disabled  

District, , Fokontany, and 

Village leaders 

 Fetal/Infant Exposure 

due to maternal 

exposure on spray 

team 

 Fetal Exposure – 

Pregnant women in 

contact with pesticides 

 

 Training of SSW teams.  

 Pregnancy tests as eligibility criteria 

for SSW teams;  

 Prohibition of breastfeeding women 

on SSW teams;  

 Education of women regarding risks 

of exposure  

 Completion of consent forms 

 

Once prior to 

campaign, during 

campaign as 

necessary 

Medical Exam 

Records 

Signed consent 

forms 

Training records 

Team leader 

observations 

 Pregnancy test results  

 Written confirmation 

from all female SSW 

workers that they are 

not breastfeeding 

 Signed consent forms 

from all female SSW 

workers 

 Number of females 

reassigned 

Spray team supervisors, spray 

team leaders, District and 

Sector coordinators, 

Implementing partners 
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Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

 Exposure of aged, 

infirm, pregnant 

women or fetus, due 

to inability to leave the 

home during spraying 

 Prohibition of spraying in homes 

where seriously infirm or immobile 

persons, or pregnant women are 

living who cannot move outside the 

home and stay outside the home 

during, and 4 hours after spraying 

Continuous  Spray operator 

 and supervisor 

 daily reports 

 Residents outside house 

during spraying  

 Residents stay outside 

for four hours after 

spraying Number of 

houses not sprayed due 

to resident immobility 

Spray team leaders and 

supervisors, residents, spray 

personnel 

 Pesticide 

contamination of 

water resources, 

(groundwater, rivers, 

streams, lakes) 

 Do not store pesticides within 100 

meters of water resources. Do not 

spray any residences or establish 

triple rinse/wash facilities within 30 

meters of water resources (other 

interventions should be implemented 

such as LLINs or wall lining) 

 Do not dispose of any pesticides 

anywhere other than IRS triple rinse 

wash system 

 

Continuous  Observations, 

 Mid inspection 

reports, 

 Daily 

supervision 

reports, 

 Evidence/absence of 

environmental 

contamination (fish, bird, 

or bee kills), 

discoloration or turbidity 

of water 

Implementing partner’s  

ECO, Spray team leaders, 

supervisors, District and Sector 

Coordinators 

 

 Loss of biodiversity 

due to pesticide 

contamination 

 

 Do not store pesticide within 100 m, 

nor spray or wash within 30 m 

sensitive areas or critical habitat 

(sensitive areas and critical habitats 

must be identified before activities 

commence) 

Continuous  Completed 

checklists, 

 observations 

 Individual organism 

fatalities or impairment 

Implementing partner’s ECO, 

Spray team leaders, 

supervisors, District  and 

Sector Coordinators,  
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Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

 Farm, aquaculture or 

apiary contamination 

 Train farmers, fish farmers and 

beekeepers in target areas to guard 

against contamination of 

agri/aquaculture or apiary equipment, 

and to ensure sweeping and disposal 

of floor residue and dead after IRS in 

pit latrines prior to storing 

equipment in home. 

 Train SSW workers on the dangers 

of pesticides to food, fish, birds, and 

bees 

Once prior to 

campaign 
 Training 

records 

 Pre inspection 

reports 

 Obseravations  

 

 Number of post-spraying 

complaints from agri-

aquaculture or apiary 

practitioners in target 

area 

 Reports of fish or bee 

kills 

Spray team leaders and 

supervisors, spray personnel, 

IEC coordinator, Implementing 

partners 

 Spray operations have 

no/reduced impact on 

vector due to pesticide 

quality 

 Collect insecticide samples and test 

to ensure quality control 

 Supervise and monitor pesticide 

make-up procedures 

Periodic spot 

sampling 

Continuous 

monitoring by 

spray team 

leaders and 

supervisors 

 Spray operator 

 daily reports,  

 

 Pesticide meets 

specifications 

 Spray operator usage 

reports reflect proper 

house/sachet ratio 

Implementing partners, team 

leaders and supervisors  

 Loss of efficacy of 

pesticides due to 

continuous or 

inappropriate use 

 Use pesticide rotation or mosaicing 

protocol to minimize development of 

resistance to insecticides. Avoid 

agricultural use of health-based 

pesticides. 

Continuously re-

assess pesticide 

to be used based 

on entomological 

monitoring 

 Resistance test 

 results 

 Protocol developed Implementing partners. 

 Vector develops 

resistance to 

insecticide used 

 Change pesticide used Monitoring 

resistance 

before, during, 

and after each 

campaign. 

 Entomologist 

 report 

 Monitoring results 

presented in end-of-

round report 

Implementing partners 

 SSW worker or 

community exposure, 

or environmental 

contamination due to 

negligence 

 Take disciplinary action against SSW 

workers that do not follow proper 

procedure in all aspects of operations 

(handling, spraying, hygiene, cleanup) 

up to and including discharge from 

duties 

Continuous 

monitoring 

throughout 

campaign, 

immediate action 

upon discovery 

 Daily 

supervisor, 

Reports 

 Disciplinary 

 reports 

 Good hiring and 

management practices 

 Adequate supervisor to 

team leader to spray 

operator ratio 

 Number and severity of 

Spray team supervisors, spray 

team leaders, Implementing 

partners, District and Sector 

Coordinators.  
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Potential Negative 

Impact 

Mitigation Activities Monitoring 

Frequency 

Monitoring 

Method 

Monitoring Indicators Implementation 

Responsibility 

of non-

conformance 

with procedures 

incidents reported  

 Community exposure, 

or environmental 

contamination post- 

campaign due to 

inadequate de-

mobilization 

 Pesticide storage areas, spray 

equipment, overalls, PPE, wash 

equipment, etc. are cleaned with soap 

and water at end of campaign and are 

securely stored 

 Transfer any unused pesticide to 

district secured warehouse for 

disposal if expired, or use in 

subsequent spray round(s).  

Once at end of 

campaign 
 Supervision 

reports, 

 End of campaign 

report, 

 Post inspection 

checklists 

 Presence of adequate 

facilities for end of 

campaign cleaning and 

storage  

 Visual observance of 

proper de-mobilization 

 All equipment cleaned 

and properly stored 

District and Sector 

Coordinators, Implementing 

partners 

 Community exposure 

due to residuals in 

vehicles used for 

pesticide transport 

 End-of-program 

cleaning/decontamination of interior 

and exterior of vehicles 

Once after 

campaign 
 Observations 

 Interviews 

 End of spray 

compliance 

report. 

 Interiors and exteriors of 

vehicles cleaned 

Drivers/Rental company 
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ANNEX B: GENERAL PRINCIPLES IN 

THE MANAGEMENT OF ACUTE 

POISONING  

Skin Decontamination  

Decontamination must proceed concurrently with whatever resuscitative and antidotal measures are 

necessary to preserve life. Shower patient with soap and water, and shampoo hair to remove chemicals 

from skin and hair. If there are any indications of weakness, ataxia, or other neurologic impairment, 

remove the victim’s clothing, have the victim lie down, and give the victim a complete bath and shampoo 

using copious amounts of soap and water. Check for pesticide sequestered under fingernails or in skin 

folds and wash these areas.  

Flush contaminating chemicals from eyes with copious amounts of clean water for 10-15 minutes. If eye 

irritation is present after decontamination, ophthalmologic consultation is appropriate.  

Persons attending the victim should avoid direct contact with heavily contaminated clothing and vomitus. 

Contaminated clothing should be promptly removed, bagged, and laundered before returning to the 

patient. Shoes and other leather items cannot usually be decontaminated and should be discarded. Note 

that pesticides can contaminate the inside surfaces of gloves, boots, and headgear. Decontamination 

should especially be considered for emergency personnel (such as ambulance drivers) at the site of a 

spill or contamination. Wear rubber gloves while washing pesticide from skin and hair of patient. Latex 

and other surgical or precautionary gloves usually do not provide adequate protection from pesticide 

contamination. 

Airway Protection  

Ensure that a clear airway exists. Suction any oral secretions using a large bore suction device if 

necessary. Intubate the trachea if the patient has respiratory depression or if the patient appears 

obtunded or otherwise neurologically impaired. Administer oxygen as necessary to maintain adequate 

tissue oxygenation. In severe poisonings, mechanically supporting pulmonary ventilation for several days 

may be necessary.  

Note on Specific Pesticides: There are several special considerations with regard to certain 

pesticides. In OP and carbamate poisoning, adequate tissue oxygenation is essential prior to 

administering atropine.  

Gastrointestinal Decontamination  

A joint position statement has recently been released by the American Academy of Clinical Toxicology 

and the European Association of Poisons Centres and Clinical Toxicologists on various methods of 

gastrointestinal decontamination. A summary of the position statement accompanies the description of 

each procedure.  

1. Gastric Lavage. If the patient presents within 60 minutes of ingestion, lavage may be 

considered. Insert an orogastric tube and follow with fluid, usually normal saline. Aspirate back 

the fluid in an attempt to remove any toxicant. If the patient is neurologically impaired, airway 

protection with a cuffed endotracheal tube is indicated prior to gastric lavage. Lavage performed 



 

88 

 

more than 60 minutes after ingestion has not proven to be beneficial and runs the risk of 

inducing bleeding, perforation, or scarring due to additional trauma to already traumatized 

tissues. It is almost always necessary first to control seizures before attempting gastric lavage or 

any other method of GI decontamination. Studies of poison recovery have been performed 

mainly with solid material such as pills. There are no controlled studies of pesticide recovery by 

these methods. Reported recovery of material at 60 minutes in several studies was 8 percent to 

32 percent. There is further evidence that lavage may propel the material into the small bowel, 

thus increasing absorption. 

Note on Specific Pesticides: Lavage is contraindicated in hydrocarbon ingestion, a common vehicle in 

many pesticide formulations.  

Position Statement: Gastric lavage should not be routinely used in the management of poisons. 

Lavage is indicated only when a patient has ingested a potentially life-threatening amount of poison and 

the procedure can be done within 60 minutes of ingestion. Even then, clinical benefit has not been 

confirmed in controlled studies. 

2. Activated Charcoal Adsorption. Activated charcoal is an effective absorbent for many 

poisonings. Volunteer studies suggest that it will reduce the amount of poison absorbed if given 

within 60 minutes. There are insufficient data to support or exclude its use if time from 

ingestion is prolonged, although some poisons that are less soluble may be absorbed beyond 60 

minutes. Clinical trials with charcoal have been done with poisons other than pesticides. There 

is some evidence that paraquat is well absorbed by activated charcoal. Charcoal has been 

anecdotally successful with other pesticides.  

 

 

Many activated charcoal formulations come premixed with sorbitol. Avoid giving more than one dose of 

sorbitol as a cathartic in infants and children due to the risk of rapid shifts of intravascular fluid. 

Encourage the victim to swallow the adsorbent even though spontaneous vomiting continues. 

Antiemetic therapy may help control vomiting in adults or older children. As an alternative, activated 

charcoal may be administered through an orogastric tube or diluted with water and administered slowly 

through a nasogastric tube. Repeated administration of charcoal or other absorbent every 2-4 hours 

may be beneficial in both children and adults, but use of a cathartic such as sorbitol should be avoided 

after the first dose. Repeated doses of activated charcoal should not be administered if the gut is atonic. 

The use of charcoal without airway protection is contraindicated in the neurologically impaired patient.  

Note on Specific Pesticides: The use of charcoal without airway protection should be used with 

caution in poisons such as OPs, carbamates, and organochlorines if they are prepared in a hydrocarbon 

solution.  

Position Statement: Single-dose activated charcoal should not be used routinely in the management 

of poisoned patients. Charcoal appears to be most effective within 60 minutes of ingestion and may be 

considered for use for this time period. Although it may be considered 60 minutes after ingestion, there 

is insufficient evidence to support or deny its use for this time period. Despite improved binding of 

poisons within 60 minutes, only one study suggests that there is improved clinical outcome. Activated 

charcoal is contraindicated in an unprotected airway, a GI tract not anatomically intact, and when 

charcoal therapy may increase the risk of aspiration of a hydrocarbon-based pesticide. 

DOSAGE OF ACTIVATED CHARCOAL:  

• Adults and children over 12 years: 25-100 g in 300-800 mL water.  

• Children under 12 years: 25-50 g per dose.  

• Infants and toddlers under 20 kg: 1 g per kg body weight.  
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Seizures: Lorazepam is increasingly being recognized as the drug of choice for status epilepticus, 

although there are few reports of its use with certain pesticides. Emergency personnel must be prepared 

to assist ventilation with lorazepam and any other medication used to control seizures. See dosage table 

below. For organochlorine compounds, use of lorazepam has not been reported in the literature. 

Diazepam is often used for this, and is still used in other pesticide poisonings.  

 
 

 

 

Phenobarbital is an additional treatment option for seizure control. Dosage for infants, children, and 

adults is 15-20 mg/kg as an IV loading dose. An additional 5 mg/kg IV may be given every 15-30 minutes 

to a maximum of 30 mg/kg. The drug should be pushed no faster than 1 mg/kg/minute.  

For seizure management, most patients respond well to usual management consisting of 

benzodiazepines, or phenytoin and phenobarbital.  

DOSAGE OF DIAZEPAM:  

• Adults: 5-10 mg IV and repeat every 5-10 minutes to maximum of 30 mg.  

• Children: 0.2 to 0.5 mg/kg every 5 minutes to maximum of 10 mg in children over 5 years, and 

maximum of 5 mg in children under 5 years.  

 

DOSAGE OF LORAZEPAM:  

• Adults: 2-4 mg/dose given IV over 2-5 minutes. Repeat if necessary to a maximum of 8 mg in a 

12 hour period.  

• Adolescents: Same as adult dose, except maximum dose is 4 mg.  

• Children under 12 years: 0.05-0.10 mg/kg IV over 2-5 minutes. Repeat if necessary .05 mg/kg 10-

15 minutes after first dose, with a maximum dose of 4 mg.  

Caution: Be prepared to assist pulmonary ventilation mechanically if respiration is depressed, to intubate 

the trachea if laryngospasm occurs, and to counteract hypotensive reactions.  
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ANNEX C: SUMMARY OF ACUTE EXPOSURE 

SYMPTOMS AND TREATMENT OF WHO PESTICIDES 

 Summary of Acute Exposure Symptoms and Treatment of WHO-recommended Carbamates 

Carbamates Human side effects Treatment 

Bendiocarb Excessive sweating, headache, nausea, blurred vision, chest 

pain, vomiting, excessive salivation, and slurred speech. 

Severe intoxication causes narrowed pupils, muscle 

twitching, spasms, intestinal  convulsions, diarrhea,  and 

labored respiration. 

 

The affected person should stop work immediately, remove any contaminated 

clothing and wash the affected skin with soap and clean water. The whole 

contaminated area (including the eyes, if necessary) should be flushed with large 

quantities of clean water. The patient should be kept at rest and immediate medical 

aid obtained. Administer Atropine. 

 

Propoxur Excessive sweating, headache, nausea, blurred vision, chest 

pain, vomiting, excessive salivation, and slurred speech. 

Severe intoxication causes narrowed pupils, muscle 

twitching, spasms, intestinal  convulsions, diarrhea,  and 

labored respiration. 

 

The affected person should stop work immediately, remove any contaminated 

clothing and wash the affected skin with soap and clean water. The whole 

contaminated area (including the eyes, if necessary) should be flushed with large 

quantities of clean water. The patient should be kept at rest and immediate medical 

aid obtained. Administer Atropine. 
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Summary of Acute Exposure Symptoms and Treatment of WHO-recommended Organophosphates 

Organo-

phosphates 

Human side effects Treatment 

Malathion Malathion is an indirect cholinesterase inhibitor. The 

primary target of malathion is the nervous system; it 

causes neurological effects by inhibiting cholinesterase 

in the blood and brain. Exposure to high levels can 

result in difficulty breathing, vomiting, blurred vision, 

increased salivation and perspiration, headaches, and 

dizziness. Loss of consciousness and death may follow 

very high exposures to malathion. 

 

Oral exposure to malathion should be treated with rapid gastric lavage unless the 

patient is vomiting. Dermal exposures should be treated by washing the affected area 

with soap and water. If the eyes have been exposed to malathion, flush them with saline 

or water. People exposed to malathion who exhibit respiratory inefficiency with 

peripheral symptoms should be treated via slow intravenous injection with 2–4 mg 

atropine sulfate and 1,000–2,000 mg pralidoxime chloride or 250 mg toxogonin (adult 

dose).  

 

Exposure to high levels of malathion that result in respiratory distress, convulsions, and 

unconsciousness should be treated with atropine and a re-activator. Morphine, 

barbiturates, phenothiazine, tranquillizers, and central stimulants are all contraindicated. 

 

Fenitrothion Fenitrothion is the most toxic to man of the 

insecticides approved for residual house spraying, and 

has a relatively low margin of safety. 

 

Absorbed through the gastrointestinal tract as well as 

through intact skin and by inhalation. It is also a 

cholinesterase inhibitor. 

 

Dermal exposure to fenitrothion should be treated by removing contaminated clothing, 

rinsing the skin with water, washing the exposed areas with soap and water, then 

seeking medical attention. If fenitrothion gets into the eyes, they should be rinsed with 

water for several minutes. 

 

Contact lenses should be removed if possible and medical attention should be sought. 

Ingestion of fenitrothion should be treated by rinsing the mouth and inducing vomiting if 

the person is conscious. Inhalation exposures require removal to fresh air and rest in a 

half-upright position. Artificial respiration should be administered if indicated and 

medical attention should be sought. 
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Organo-

phosphates 

Human side effects Treatment 

Pirimiphos- 

methyl 

Pirimiphos-methyl is also a cholinesterase inhibitor. 

Early symptoms of poisoning may include excessive 

sweating, headache, weakness, giddiness, nausea, 

vomiting, stomach pains, blurred vision, constricted 

pupils, slurred speech, and muscle twitching. 

 

Later there may be convulsions, coma, loss of reflexes, 

and loss of sphincter control. 

 

OP poisoning is a medical emergency and requires immediate treatment. All supervisors 

and individual spraymen (in the case of dispersed operations) should be trained in first-

aid and emergency treatment of OP intoxication. 

The affected person should stop work immediately, remove any contaminated clothing, 

wash the affected skin with soap and clean water and flush the skin with large quantities 

of clean water. Care must be taken not to contaminate others, including medical or 

paramedical workers. 

 

Automatic injectors loaded with atropine sulfate and obidoxime chloride can be made 

available in the field whenever relatively toxic OP insecticides are used in areas without 

easy access to medical care. 

 

Atropine sulfate. Administer atropine sulfate intravenously or intramuscularly if 

intravenous injection is not possible. 

Glycopyrolate has been studied as an alternative to atropine and found to have similar 

outcomes using continuous infusion. 
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 Summary of Acute Exposure Symptoms and Treatment for Pyrethroids 

Pyrethroids Human side effects Treatment 

Bifenthrin Acute exposure symptoms include skin and eye irritation, headache, 

dizziness, nausea, vomiting, diarrhea, excessive salivation, fatigue, 

irritability, abnormal sensations of the face and skin, and numbness. 

No skin inflammation or irritation observed; however can cause a 

reversible tingling sensation. 

Incoordination, irritability to sound and touch, tremors, salivation, 

diarrhea, and vomiting have been caused by high doses. 

 

Depends on the symptoms of the exposed person. Casual 

exposures require decontamination and supportive care. Wash 

affected skin areas promptly with soap and warm water. 

Medical attention should be sought if irritation or paresthesia 

occurs. Eye exposures should be treated by rinsing with copious 

amounts of water or saline. 

 

Deltamethrin Acute exposure symptoms include skin and eye irritation, headache, 

dizziness, nausea, vomiting, diarrhea, excessive salivation, fatigue, 

irritability, abnormal sensations of the face and skin, and numbness. 

If exposed immediately remove any contaminated clothing. Soak 

any liquid contaminant on the skin clean affected area with soap and 

warm water.  

Rinse copiously with water when eye exposures occur or 4 percent 

sodium bicarbonate.  

Vomiting should not be induced following ingestion exposures, but 

the mouth should be rinsed. 

 

Lambda- 

Cyhalothrin 
Skin exposure leads to transient skin sensations such as periorbital 

facial tingling and burning. 

Can irritate the eyes, skin, and upper respiratory tract. Oral 

exposure can cause neurological effects, including tremors and 

convulsions. 

Ingestion of liquid formulations may result in aspiration of the 

solvent into the lungs, resulting in chemical pneumonitis. 

 

Dermal exposure should be treated by removing contaminated 

clothing and washing the exposed areas with soap and water. Eyes 

should be rinsed with water for several minutes. Vomiting should 

not be induced following ingestion. Inhalation exposures require 

removal to fresh air and rest. 
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Pyrethroids Human side effects Treatment 

Alpha- 

cypermethrin 

Acute exposure symptoms include skin rashes, eye irritation, itching 

and burning sensation on exposed skin, and paraesthesia. 

 

Acute inhalation exposures may cause upper and lower 

respiratory tract irritation.  Ingestion of alpha-cypermethrin is also 

harmful 

Dermal exposure should be treated by removing contaminated 

clothing and washing the exposed areas with soap and water. Eyes 

should be rinsed with water for several minutes. Vomiting should 

not be induced following ingestion. Inhalation exposures require 

removal to fresh air and rest. 

Cyfluthrin Acute occupational or accidental exposure results in burning, 

itching, and tingling of the skin. Reported systemic symptoms 

included dizziness, headache, anorexia, and fatigue. Vomiting occurs 

most commonly after ingestion of pyrethroids. Less commonly 

reported symptoms include tightness of the chest, paresthesia, 

palpitations, blurred vision, and increased sweating. In serious cases, 

coarse muscular fasciculations (twitching), convulsions, and coma. 

If exposed immediately remove any contaminated clothing. Soak 

any liquid contaminant on the skin clean affected area with soap and 

warm water. 

Rinse copiously with water when eye exposures occur or 4 percent 

sodium bicarbonate. Vomiting should not be induced following 

ingestion exposures, but the mouth should be rinsed. 

Etofenprox Acute occupational or accidental exposure results in burning, 

itching, and tingling of the skin. Reported systemic symptoms 

included dizziness, headache, anorexia, and fatigue. Vomiting occurs 

most commonly after ingestion of pyrethroids. Less commonly 

reported symptoms include tightness of the chest, paresthesia, 

palpitations, blurred  vision, and increased sweating. In serious cases, 

coarse muscular fasciculations (twitching), convulsions, and coma. 

If exposed immediately remove any contaminated clothing. Soak 

any liquid contaminant on the skin clean affected area with soap and 

warm water. 

 

Rinse copiously with water when eye exposures occur or 4 percent 

sodium bicarbonate. Vomiting should not be induced following 

ingestion exposures, but the mouth should be rinsed.  
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ANNEX D: EMMR FORM 

Please see Annual Environmental Mitigation and Monitoring Report (EMMR) Form next page 
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MADAGASCAR PMI IRS 

ENVIRONMENTAL MITIGATION AND MONITORING REPORT (EMMR) 

ANNUAL REPORTING FORM AND CERTIFICATION 
 

 

Implementing Organization:   

Geographic location of USAID-funded activities:  

Period covered by this Reporting Form and Certification: 

 

Potential Negative 

Impact 

Mitigation Activities Status of Mitigation 

Activity 

List any Outstanding Issues 

related to Mitigation and 

corrective measures 

taken/planned 

Driver and/or community 

exposure, or environmental 

contamination due to 

improper transport of 

pesticide 

 Driver training according to FAO 

recommendations 

 Provision of appropriate equipment 

(reliable vehicle with side walls capable 

of negotiating rugged roads, tie-downs, 

packing materials, tarps, spill clean-up 

kit) 

 Cautious driving while transporting 

chemicals 

 Checking for and repairing leaks from 

spray equipment prior to transport 

 In case of accident, completion of 

accident and corrective action report 

   

Environmental 

contamination due to 

improper siting or 

construction of storage and 

wash facilities 

 

 

 

 

 Use site qualification checklist. Locate 

storage and wash facilities on high 

ground, above floodplains, away from 

sensitive receptors (water bodies, 

birds, bees, fish, children, etc.). Provide 

berms around pesticide storage if 

necessary. 

 Use appropriate construction materials 

as specified in FAO recommendations  
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Potential Negative 

Impact 

Mitigation Activities Status of Mitigation 

Activity 

List any Outstanding Issues 

related to Mitigation and 

corrective measures 

taken/planned 

Storekeeper and/or 

community exposure or 

environmental 

contamination due to 

improper storage or 

pilferage  

Storekeeper and/or 

community exposure or 

environmental 

contamination due to 

improper storage or 

pilferage  

 Provision of secure storage facilities 

 Training of storekeepers, team leaders 

and supervisors according to FAO 

recommendations 

 Daily tracking of insecticide sachets 

issued, used, and returned  

 Storage procedures according to PMI 

BMPs  

 Storekeepers trained to not issue 

pesticides for agricultural or any other 

unauthorized use 

   

Personnel handling OPs or 

carbamates experience 

cholinesterase inhibition (CI) 

due to exposure. (Symptoms 

include tiredness, weakness, 

dizziness, nausea and blurred 

vision, headache, sweating, 

tearing, drooling, vomiting, 

tunnel vision, and twitching, 

abdominal cramps, muscular 

tremors, staggering gait) 

 For all pesticides, all storage, spray, and 

wash (SSW) personnel receive training 

in recognizing effects of pesticide 

poisoning, remain alert to symptoms 

amongst their co-workers and respond 

appropriately. 

 PMI will evaluate various approaches to 

monitoring sprayer exposure to OP 

pesticides and will develop protocols, 

based on these evaluations, for a 

monitoring program. 

   

Acute effects of pesticide 

toxicity go untreated 

(Symptoms include 

tiredness, weakness, 

dizziness, nausea, blurred 

vision, headache, sweating, 

tearing, drooling, vomiting, 

tunnel vision, twitching, 

abdominal cramps, muscular 

tremors, staggering gait) 

 Employ CI testing as needed 

 Team leaders, storekeepers trained to 

recognize symptoms and enforce 

treatment protocols. (e.g., medical 

referral) 

 Ensure treatment medicines are 

available at District health centers.  

 If skin itches after re-entrance into 

home, wash with soap and water, for 

eye irritation, flush eyes with water. 
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Potential Negative 

Impact 

Mitigation Activities Status of Mitigation 

Activity 

List any Outstanding Issues 

related to Mitigation and 

corrective measures 

taken/planned 

 For respiratory irritation, leave the 

home for fresh air.  

 For ingestion, or if symptoms persist, 

contact program staff or go to nearest 

health facility. 

Exposure of SSW personnel 

and/or community during 

spray operations due to 

improper spray procedures 

Failure to realize/receive the 

benefits of IRS due to 

improper spray procedures 

 Training of SSW personnel and health 

workers according to MOH and 

WHOPES recommendations 

 Proper assembly and calibration of 

spray equipment 

 Proper spray patterns 

 Proper cleanup and equipment storage 

procedures 

 Discipline SSW personnel who do not 

follow proper procedure in all aspects 

of operations (handling, spraying, 

hygiene, cleanup) 

   

SSW member or community 

exposure, or environmental 

contamination due to 

equipment or PPE issues 

 Use of sprayers manufactured and 

maintained according to WHOPES 

specifications  

 Proper assembly and calibration of 

spray equipment  

 Procurement and proper use of PPE by 

all persons in contact with pesticides 

   

 Residential Exposure 

from contaminated 

household goods 

 Training of spray operators to refuse to 

spray houses that are not properly 

prepared 

 IEC Campaign, instruct residents to: 

 Clear homes of mats or rugs, furniture, 
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Potential Negative 

Impact 

Mitigation Activities Status of Mitigation 

Activity 

List any Outstanding Issues 

related to Mitigation and 

corrective measures 

taken/planned 

cooking implements and foodstuffs 

prior to spraying 

 If furniture cannot be moved out of the 

home, then move it to the center of 

the room and cover with drop cloth 

 Stay outside the home during spraying 

and for two to four hours after 

spraying 

 Move and keep (tie-up or cage) all 

animals outside the home during 

spraying, and for four hours after 

spraying 

 Sweep up any insects killed from the 

spraying or any residual insecticide and 

drop waste in latrine pits 

 Failure to realize 

benefits of spraying due 

to post-spray behavior 

change 

 Train residents to continue using bed 

nets for protection against malaria, and 

to refrain from re-plastering or painting 

over the sprayed walls after spraying, 

re-plaster prior to spraying if necessary  

   

 Staff and community 

exposure in vehicle used 

to transport spray team 

and/or pesticides 

 Frequent washing interior and exterior 

of program vehicles after pesticide 

transport using soap and water and PPE 

   

 SSW personnel 

exposure due to poor 

personal hygiene 

 Training and enforcement in good 

personal hygiene, daily washing of 

protective clothes and cleaning of 

equipment  

 Prohibition of eating, drinking and 

smoking during travel, work or before 

decontamination 
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Potential Negative 

Impact 

Mitigation Activities Status of Mitigation 

Activity 

List any Outstanding Issues 

related to Mitigation and 

corrective measures 

taken/planned 

 Discipline SSW personnel that do not 

follow proper procedures in all aspects 

of operations (handling, spraying, 

hygiene, cleanup) 

 SSW personnel and/or 

community exposure 

due to poor waste 

management 

procedures 

 Procurement of barrels for progressive 

rinse, and wash-tubs for personal 

hygiene; close supervision of triple rinse 

and wash procedures: equipment 

labeled as District Health Office 

property to deter sale and domestic 

use in event of pilferage 

 Collection, counting, and comparing 

number of empty sachets to 

disbursement records, collection of 

worn/torn gloves and masks 

 Shipment of all wastes to authorized 

incinerator, destruction witnessed by 

implementing partner and Ministry of 

Health official 

   

 Exposure of residents 

needing physical 

assistance during spray 

operations 

 Communities establish system to assist 

the elderly and disabled in removing self 

and goods from the household.  

 Spray operators enforce removal of 

household goods  

   

 Fetal/Infant Exposure 

due to maternal 

exposure on spray team 

 Fetal Exposure – 

Pregnant women in 

contact with pesticides 

  

 Training of SSW teams.  

 Pregnancy tests as eligibility criteria for 

SSW teams;  

 Prohibition of breastfeeding women on 

SSW teams;  

 Education of women regarding risks of 

exposure  

 Completion of consent forms 
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Potential Negative 

Impact 

Mitigation Activities Status of Mitigation 

Activity 

List any Outstanding Issues 

related to Mitigation and 

corrective measures 

taken/planned 

 Exposure of aged, 

infirm, pregnant women 

or fetus, due to inability 

to leave the home 

during spraying 

 Prohibition of spraying in homes where 

seriously infirm or immobile persons, 

or pregnant women are living who 

cannot move outside the home and 

stay outside the home during, and 4 

hours after spraying 

   

 Pesticide contamination 

of water resources, 

(groundwater, rivers, 

streams, lakes) 

 Do not store pesticides within 100 

meters of water resources. Do not 

spray any residences or establish triple 

rinse/wash facilities within 30 meters of 

water resources (other interventions 

should be implemented such as LLINs 

or wall lining) 

 Do not dispose of any pesticides 

anywhere other than IRS triple rinse 

wash system 

 

   

 Loss of biodiversity due 

to pesticide 

contamination 

 

 Do not store pesticide within 100 m, 

nor spray or wash within 30 m sensitive 

areas or critical habitat (sensitive areas 

and critical habitats must be identified 

before activities commence) 

   



 

 

102 

 

Potential Negative 

Impact 

Mitigation Activities Status of Mitigation 

Activity 

List any Outstanding Issues 

related to Mitigation and 

corrective measures 

taken/planned 

 Farm, aquaculture or 

apiary contamination 

 Train farmers, fish farmers and 

beekeepers in target areas to guard 

against contamination of 

agri/aquaculture or apiary equipment, 

and to ensure sweeping and disposal of 

floor residue and dead after IRS in pit 

latrines prior to storing equipment in 

home. 

 Train SSW workers on the dangers of 

pesticides to food, fish, birds, and bees 

   

 Spray operations have 

no/reduced impact on 

vector due to pesticide 

quality 

 Collect insecticide samples and test to 

ensure quality control 

 Supervise and monitor pesticide make-

up procedures 

   

 Loss of efficacy of 

pesticides due to 

continuous or 

inappropriate use 

 Use pesticide rotation or mosaicing 

protocol to minimize development of 

resistance to insecticides. Avoid 

agricultural use of health-based 

pesticides. 

   

 Vector develops 

resistance to insecticide 

used 

 Change pesticide used    

 SSW worker or 

community exposure, 

or environmental 

contamination due to 

negligence 

 Take disciplinary action against SSW 

workers that do not follow proper 

procedure in all aspects of operations 

(handling, spraying, hygiene, cleanup) up 

to and including discharge from duties 
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Potential Negative 

Impact 

Mitigation Activities Status of Mitigation 

Activity 

List any Outstanding Issues 

related to Mitigation and 

corrective measures 

taken/planned 

 Community exposure, 

or environmental 

contamination post- 

campaign due to 

inadequate de-

mobilization 

 Pesticide storage areas, spray 

equipment, overalls, PPE, wash 

equipment, etc. are cleaned with soap 

and water at end of campaign and are 

securely stored 

 Transfer any unused pesticide to 

district secured warehouse for disposal 

if expired, or use in subsequent spray 

round(s).  

   

 Community exposure 

due to residuals in 

vehicles used for 

pesticide transport 

 End-of-program 

cleaning/decontamination of interior 

and exterior of vehicles 
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ANNEX E: EMMR CERTIFICATION 

FORM 

Please see certification form next page 
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USAID/MADAGASCAR PMI IRS  

ENVIRONMENTAL MITIGATION AND MONITORING REPORT 

 REPORTING FORM AND CERTIFICATION 

 

 

Certification 

 

I certify the completeness and the accuracy of the Environmental Mitigation and Monitoring 

Report Form for activities funded by USAID/_________ as described above and covered by PMI 

IRS SEA _______-______ for which I am responsible: 
   Effective Dates 

   
 

          

Signature     Date 

 

 

     

Print Name 

 

 

__________________________ 

Organization 

 

 

             

BELOW THIS LINE FOR USAID USE ONLY 

 

 

 

USAID/_________ Mission Clearance of EMMR Form and Certification: 

 

 

 

Agreement Officer's Technical Representative:__________________  Date:____________ 

 

 

Mission Environmental Officer:______________________________  Date: ____________ 
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