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Abstract

There is extensive evidence about the deleterious effects of endocrine disrupting chemicals (including some pesticides) on wildlife. Consequently, the presence of these chemicals in the wildlife environment is of great concern, especially in a country like Kenya whose economy depends, to a significant extent, on wildlife- based tourism. The aim this review was to identify the endocrine disrupting (ED) pesticides that may be in the wildlife environment from past and present usage. We examined the list of registered pesticides and relevant documents containing pesticide information in Kenya, against selected published lists of endocrine disruptors and/or potential endocrine disruptors. In addition, existing literature was reviewed focusing on the sources of ED pesticides in the environment and the potential for endocrine disruption in wildlife inhabiting both terrestrial and aquatic ecosystems. The findings indicate that 23.2% of the active ingredients contained in 49.8% of all brands registered for use in Kenya had been identified as having endocrine disrupting (ED) properties. Insecticides made up the largest proportion (44.0%) of the registered active ingredients with fungicides (32.0%), herbicides (20.0%) and other molecules (4.0%) following in that order. The existing literature indicates that wildlife exposure is real and that wildlife inhabiting ecosystems whose catchments have chemical-intensive agricultural activities are at risk of endocrine disruption. Agricultural uses of the ED pesticides, aerial pesticide spraying, spraying of non-agricultural areas, pesticide misuse are the major potential of wildlife exposure. Appropriate regulatory action is urgently needed to minimize wildlife exposure to pesticides. Further, research is recommended to establish the extent of terrestrial wildlife exposure to ED pesticides in Kenya.
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1.
Introduction

Pesticides have become integral part of agricultural and public health pest interventions. Their use is increasing in the tropical regions such as Africa because the tropical climate fosters an environment conducive to major pest outbreaks throughout the year. However, increasing evidence suggests that pesticides can contribute to public health and environmental problems during their production, import, use and disposal. These problems include environmental contamination and wildlife poisoning.

Many pesticides used in all societies have been associated with endocrine disruption. These pesticides (and many other chemicals with similar properties) , while posing no direct acute (except at high concentrations) or chronic threat to animals, still pose an indirect threat by interacting with the endocrine system of the organism – leading to unnatural, untimely, and excessive release or suppression of hormones, a phenomenon known as endocrine disruption (Colborn et al., 1996). An endocrine disrupting chemical (EDC) has been defined as “an exogenous substance or mixture that alters the function of the endocrine system and can subsequently cause adverse effects in an organism, its progeny or within its (sub)population” (Damstra, et al., 2002). 

The endocrine system consists primarily of glands that produce hormones that help to guide the development, growth, reproduction, and behavior of animals (Lyons, 1999). It comprises a complex system of chemical messages (hormones) that trigger particular organs to produce a response, e.g. produce sperm, cause cells to multiply, differentiate and develop new functions.  EDCs fool target cells into behaving differently. They act in several ways, including as a false hormone binding to hormone receptors in the cell which then respond as if the natural hormone is present (e.g. oestrogen mimics); as an antagonist to the natural; and by interfering with the synthesis of natural hormones by interfering with the removal of hormones from circulation (Riley et al 1999). Science has implicated EDCs in reproductive infertility, sexual underdevelopment, altered or reduced sexual behavior, attention deficit/hyperactivity disorder, altered thyroid and adrenal cortical function, not to mention increased incidence of certain cancers and birth defects among other effects as reviewed by Vogel (2004).
Detrimental effects on wildlife as a result of exposure to many endocrine disrupting pesticides are established. Some reproductive health effects of endocrine disruptors on wildlife have been summarized by Hollander (1997) as follows: decreased fertility in birds, fish, shellfish and mammals; decreased hatching success in birds, fish, and turtles; metabolic abnormalities in birds, demasculinization and feminization of male fish, birds and mammals; defeminization and masculinization of female fish and birds. Specifically, the following are examples of effects on wildlife which have been linked to EDCs: masculinisation of female dog whelks (a type of shell fish); eggs found in testes of roach in many rivers in the UK; low egg viability, enlarged ovaries and reduced penis size in Florida alligators; and egg shell thinning and female-female paring in birds (Riley et al. 1999). 

In spite of the increasing knowledge and concern in relation to the potentially harmful effects of EDC pollution on wildlife and humans, large quantities of known and suspected ED are still used developing countries like Kenya.

The aim of this article is to present the identities of ED pesticides used in Kenya, their sources in the environment and the potential for endocrine disruption in wildlife inhabiting both terrestrial and aquatic ecosystems. Further, it points out what sort of regulatory action or legislation and ecotoxicological research have to be implemented in order protect wildlife from endocrine disruption. 

In Kenya, the term ‘pesticide’ or ‘pest control product’, by legal definition, means a product, device, organism, substance or thing that is manufacture red, represented, sold or used as a means of controlling, preventing, destroying, attracting or repelling any pests. These include herbicides, insecticides, acaricides, fungicides, nematicides, rodenticides, growth regulators, defoliators, proteins, surfactants and wetting agents used to control pests (including vectors of human or animal disease) in agriculture and public health. On the other hand, although the term wildlife is known to include all flora and fauna as used here it refers to mainly species from each of the main classes of animals in the vertebrate sub-phylum (including bony fish, amphibians, reptiles, birds, and mammals).

2.0 The Country’s Profile and Sources of Information

2.1
The Profile of Kenya

Kenya is located in the Eastern part of Africa and lies between latitudes 5° 0’N and 4° 4’ S and longitudes 33° 83’E and 41° 75’ E and covers 582,646 square kilometers (Kenya NIPs, 2007). It has a great diversity of landforms ranging from glaciated mountain peaks with permanent snow cover, through a flight of plateaus to a coastal plain. The country has climatic and ecological extremes with altitude varying from sea level to over 5000 m in the highlands. The mean annual rainfall ranges from < 250 mm in semi-arid and arid areas to > 2000 mm in high potential areas. Soils vary from the coral types on the coast to alluvial, swampy, and black cotton soils along river valleys and plains. The Kenyan highlands have fertile volcanic soils whereas soils in the semi-arid regions are shallow and infertile (Orodho and FAO undated). Such diversity in climatic and edaphic conditions has encouraged the evolution of a wide variation in plant and animal genetic resources in different habitats ranging from the marine and coastal areas to Savannah woodlands, arid and semi arid, wetlands, forests and mountain ecosystems (Mwanjala, 2005). The country has about 25,000 species of animals and 7,000 plants recorded so far, along with at least 2,000 fungi and bacteria, Kenya is rich in biological diversity (NBU, 1992), and relies on this biodiversity for food, fuel, medicine, shelter and income.
Economically, Kenya relies heavily on agriculture and nature based tourism for its economy. Agriculture supports about 80% Kenya’s total population of about 32 million people. In addition, agriculture accounts for 60% of foreign exchange earnings and provides raw materials for industries. Hence, there is tendency towards the use of chemicals such as fertilizers, veterinary chemicals, pesticides and herbicides (Kenya NIPs, 2007). Pesticides now constitute the largest proportion of chemical pollutants in the Kenya (PAN UK, http://www.pan-uk.org/pestnews/Issue/pn70/pn70p10.htm).

On its part, tourism currently，accounts for about 10 percent of the Gross Domestic Product (GDP), making it the third largest contributor to Kenya’s GDP after agriculture and manufacturing, and Kenya’s third largest foreign exchange earner after horticulture and tea in that order. Tourism has been identified as one of the key drivers in achieving the goals of the vision 2030 (Government of Kenya’s ministry of tourism, 2007). 

The strength of Kenya’s nature tourism can be attributed to its vast park system and extensive wildlife population. Kenya boasts the largest concentration of wildlife anywhere in Africa as well as accommodating the greatest land migration of animals (Honey, 1999). Currently, the country has a total of 27 national parks, 34 national reserves and 4 wildlife sanctuaries, covering an area of 47,674 square kilometers or 8% of the total Kenya’s landmass (Mwanjala, 2005). These have historically made Kenya the most internationally famous country in Africa for wildlife based tourism. 

2.2
Sources of Data and Information

For the identities of the ED pesticides used in Kenya, we examined the list of the Pest control products (pesticides) registered for use in Kenya, against published lists of pesticides that have been identified as having endocrine disrupting properties. The list used for pesticides registered in Kenya was as last updated in June 2008 (PCPB, 2008). Two published lists of ED pesticides were used and only the pesticides on these lists were taken as ED pesticides for the purpose of this paper. The two are the Pesticide Action Network’s “List of Lists” (PAN, 2005) and a recently compiled list (McKinlay et al, 2008).  These lists were preferred because for each pesticide listed, there is at least one study providing evidence or indicating potential for endocrine disruption in an intact organism. The “List of lists” records the pesticides listed as proven or suspected EDs by the England and Wales Environment Agency, the German Environmental Agency, the EU Community Strategy for Endocrine Disruptors, the World Wildlife Fund (WWF) list of pesticides with reproductive and/or endocrine disrupting effects, and the pesticides identified by the Oslo and Paris commission as EDs. The list by McKinlay et al (2008) contains a total of 127 pesticides including those on the “List of Lists”. 

Relevant documents such as PCPB annual reports and data on import/export of pesticides were also examined to provide information on the past and current pesticide trade and usage pattern. Further, relevant literature on the pesticides in the environment and possible sources of wildlife exposure were reviewed.

3.0
Results

3.1
Pesticides and Pesticide Usage Pattern in Kenya

From the estimates by Wandiga (2001), pesticides have been in use in Kenya for about 9 decades. Their major uses are in agriculture (including livestock husbandry) and in public health programmes. 

Most pesticides used in Kenya are imported from other countries. On average, the country imports approximately 6000 metric tons (MT) of synthetic pesticides annually (Table 1); valued at about 3 billion Kenya Shillings (approximately 46 million USD). An analysis of the import quantities for the period 1997 – 2006 (Table 1), shows that quantities of pesticides imported during that period were in the order insecticides>fungicides> herbicides> others (rodenticides, molluscides, wetters, surfactants). In the recent years the major active substances involved were glyphosate 1,3-Dichloropropene, amitraz, mancozeb, imiprothrin, D’allethrin, chlorothalonil, Copper hydroxide, cuprous oxide, dimethoate, metolachlor+atrazine (in one product),sulphur, diazinon, methyl bromide, deltamethrin, 2, 4-D Amine and cobox in order of decreasing volume  (PCPB, 2005; 2006). 

Kenya also formulates and exports pesticides. However, the volume of pesticides exported much is lower than imported. The average amount exported per annum is about 120 MT with an average value of approximately 46 million Kenya Shillings (about 710,000 USD). The commonly exported pesticides include cypermethrin and diazinon imidacloprid, carbofuran and chlorfenvinphos (unpublished PCPB records). Common recipient countries are Tanzania, Burundi, Seychelles, Nigeria, and Benin. 

Agriculture utilizes most of the pesticides in Kenya. Pesticides are applied to crops, soils, rangelands, forests and agricultural and forestry products to minimize the impact of animal, plant and microbial plant species. In 1992, for example, it was estimated that about 2032 metric tons of pesticides were applied on 2400 Hectares (ha) implying an intensity of 0.83 MT/ha (WRI, 1996). 

Table 1 Quantities of various groups of pest control products imported into Kenya 1997 – 2006 (metric tons)

	Year
	Insecticides
	Herbicides
	Fungicides
	*Others
	Total

	1997
	2078
	703
	2391
	656
	5828

	1998
	1814
	1408
	4225
	159
	7606

	1999
	2186
	593
	2284
	1116
	6179

	2000
	1762
	633
	1666
	371
	4432

	2001
	2320
	1398
	1779
	713
	6210

	2002
	2747
	1064
	2138
	434
	6383

	2003
	1530
	913
	1899
	839
	5181

	2004
	2594
	1278
	1612
	642
	6126

	2005
	2881
	1538
	2031
	597
	7047

	2006
	2844
	1311
	2361
	1192
	7708

	Average
	2276
	1084
	2239
	672
	6270


Source: Pest Control Products Board (PCPB) database

* These include fumigants, rodenticides, growth regulators, defoliators, proteins, surfactants, wetting agents
The types of pesticide used vary between crops with most of the chemicals being used in large-scale production of export crops that generate foreign exchange, such as coffee, flower, fruits and vegetables. It has been estimated that nationally 60% of the pesticides used annually in Kenya are applied to coffee production alone, primarily fungicides to combat coffee berry disease and leaf rust (PAN, 1995). Herbicides are used in coffee, maize, barley, wheat, sugarcane and tea production, while substantial quantities of insecticides are used in flower, vegetable and production (Wandiga, et al., 2002). 
Animal production also consumes pesticides mainly as acaricides against ticks while public health extensively use them in both indoor and outdoor spray programmes to control disease vectors such as mosquitoes (for malaria), tsetse flies (African sleeping sickness) and water snails (bilharziasis and fascioliasis ).

3.2 ED Pesticides in Kenya

Table 2 gives the identities of the ED active ingredients that were found to be approved for use in Kenya. Out of the 323 active ingredients currently registered in Kenya, 75 (23.2%) are those that have been identified as having endocrine disrupting properties. These ED active ingredients are contained in just less than half (49.8%; n=422) of all the brands approved (N=847).

Insecticides (including acaricides, miticides and nematicides) make up the largest proportion (44.0%; n=33) of the 75 ED active ingredients registered. Fungicides (32.0%, n=24), herbicides (20.0%; n=15) and other molecules, including adjuvants and synergists (4.0%; n=3) follow in that order. 

Table 2 Endocrine disrupting pesticide active ingredients approved for use in Kenya

	Pesticide Active ingredient
	Family  
	No. of brands
	Area of use

	Herbicides
	
	
	

	2,4-D
	Chlorophenoxy acid or ester
	8
	Agriculture, grasslands, industrial sites

	Acetochlor 
	chloroacetanilide
	2
	Agriculture

	Alachlor 
	chloroacetanilide
	3
	Agriculture

	Atrazine 
	Triazine 
	7
	Agriculture

	Bromacil 
	Uracil 
	1
	Agriculture, grasslands, railroads

	Bromoxynil 
	hydrobezonitrile
	3
	Agriculture

	Cyanazine 
	Triazine
	2
	Agriculture

	Diuron 
	Urea
	2
	Agriculture

	Glyphosate
	Phosphonoglycine
	20
	Agriculture 

	Ioxynil 
	hydrobezonitrile
	2
	Agriculture

	Linuron
	Urea
	2
	Agriculture

	Metribuzin 
	Triazinone
	3
	Agriculture

	Picloram 
	Pyridinecarboxylic acid
	1
	Pastures, rangelands and industrial sites

	Propanil 
	Anilide
	3
	Agriculture

	Tribenuron-methyl
	Sulfonylurea 
	2
	Agriculture 

	Fungicides
	
	
	

	Bitertanol
	Azole 
	1
	Agriculture

	Captan
	Thiophthalimide
	4
	Agriculture

	Carbendazim 
	Benzimidazole
	11
	Agriculture

	Chlorothalonil 
	Substituted benzene
	14
	Agriculture 

	Epoxiconazole
	Triazole 
	3
	Agriculture 

	Etridiazole 
	Thiadiazole
	1
	Agriculture 

	Fenarimol 
	Pyrimidine 
	1
	Agriculture

	Flusilazole
	Azole 
	1
	Agriculture 

	Flutriafol
	Azole 
	2
	Agriculture 

	Hexaconazole
	Azole 
	3
	Agriculture 

	Iprodione
	Dicarboximide
	4
	Agriculture 

	Mancozeb 
	Dithiocabarmate
	31
	Agriculture

	Metam (sodium metam)
	Dithiocabarmate
	1
	Agriculture (RESTRICTED CLASS*)

	Metiram 
	Dithiocabarmate
	1
	Agriculture

	Myclobutanil
	Azole 
	1
	Agriculture 

	Pentachloronitrobenzene
	Substituted benzene
	1
	Agriculture

	Prochloraz
	Azole 
	1
	Agriculture 

	Propamocarb
	Cabarmate 
	4
	Agriculture 

	Propiconazole
	Azole 
	5
	Agriculture 

	Pyrimethanil
	Pyrimidine 
	2
	Agriculture 

	Tebuconazole
	Azole 
	8
	Agriculture 

	Thiram
	Dithiocabarmate
	7
	Agriculture

	Triadimefon 
	Azole
	2
	Agriculture

	Triadimenol
	Azole 
	3
	Agriculture 

	Insecticides 
	
	
	

	Acephate
	Organophosphorus 
	5
	Agriculture 

	Aldicarb 
	N-methy Carbamate
	1
	Agriculture (RESTRICTED CLASS)

	Bifenthrin 
	Pyrethroid 
	11
	Agriculture, public health

	Bioallethrin 
	Pyrethroid
	1
	Public health

	Carbaryl 
	N-methyl Carbamate
	5
	Agriculture, public health

	Carbofuran 
	N-methyl Carbamate
	3
	Agriculture 

	Chlorfenvinphos
	Organophosphorus 
	2
	Agriculture

	Chlorpyrifos methyl
	Organophosphorus
	1
	Agriculture

	Cyhalothrin
	Pyrethroid
	15
	Agriculture, public health

	Cypermethrin 
	Pyrethroid 
	43
	Agriculture, public health, army worm, tsetse and locust control 

	DDT
	Organochlorine
	1
	Public health (RESTRICED CLASS)

	Deltamethrin  
	Pyrethroid
	32
	Agriculture, public health

	Diazinon 
	Organophosphorus 
	8
	Agriculture, public health

	Dichlorvos
	Organophosphorus
	1
	Agriculture 

	Dicofol (DDT content < 0.01%)
	Organochlorine 
	4
	Agriculture

	Dimethoate 
	Organophosphorus
	18
	Agriculture 

	Endosulfan  
	Organochlorine
	4
	Agriculture 

	Fenitrothion 
	Organophosphorus
	5
	Agriculture

	Fipronil
	Pyrazole 
	2
	Agriculture 

	Fenvalerate 
	Pyrethroid
	4
	Agriculture

	Fluvalinate
	Pyrethroid 
	1
	Agriculture 

	HCH (Lindane)
	Organochlorine
	5
	Agriculture (RESTRICTED CLASS)

	Malathion 
	Organophosphorus
	16
	Agriculture

	Methiocarb
	N-methyl Carbamate
	1
	Agriculture 

	Methomyl 
	N-methyl Carbamate
	5
	Agriculture

	Oxamyl
	N-methyl Carbamate
	2
	Agriculture (RESTRICTED CLASS)

	Parathion-methyl (capsule suspensions  only)
	Organophosphorus
	1
	Agriculture

	Permethrin
	Pyrethroid 
	20
	Agriculture, public health, structures and lawns (termite nests)

	Pirimicarb
	N-methyl Carbamate
	1
	Agriculture, forest nurseries, hedges

	Propoxur
	N-methyl Carbamate
	5
	Public health

	Sumithrin
	Pyrethroid 
	2
	Agriculture

	Tetramethrin
	Pyrehroid 
	9
	Public health

	Trichlorfon
	organophosphorus
	2
	Agriculture 

	Others
	
	
	

	Methyl bromide
	Halogenated organic
	1
	Agriculture 

	Nonylphenols
	Polyalkyloxy compounds
	2
	Agriculture 

	Piperonyl butoxide
	Unclassified 
	10
	Synergist in public and animal health products


*: where there are additional conditions respecting the use limitations or qualifications of persons who may use the product

Table 3 Endocrine disrupting pesticides banned for use in Kenya

	Active ingredient
	Description
	Year of banned

	
	
	

	2,4,5-T
	Herbicide
	1986

	Chlordane
	Insecticide 
	1986

	Endrin
	Foliar insecticide
	1986

	Heptachlor
	Non-systemic insecticide
	1986

	Toxaphene
	Insecticide, acaricide
	1986

	Aldrin
	Insecticide
	2004

	Dieldrin
	Insecticide
	2004

	HCB
	Fungicide 
	2004

	Pentachlorophenol
	Insecticide, fungicide,

herbicide
	2004

	Parathion- ethyl & methyl (All formulations except for capsule suspensions) 
	Insecticide, acaricide
	1988

	DDT and metabolites
	Insecticide 
	1986 (agricultural uses)

	Phosphamidon, Soluble 
	Insecticide
	2004


Source: Pest Control Products Board

It is important to note that some of the ED registered for use in Kenya were in the European Community’s (EC) draft list of high (category 1) and medium (category 2) priority pesticides. There is clear evidence that category 1 pesticides are endocrine disruptors and that category 2 pesticides are potential endocrine disruptors. Pesticides in the EC’s category 1 that are currently registered for use in Kenya are: alachlor, acetochlor, atrazine, bifenthrin, cabaryl, cyhalothrin (including gamma-and lambda-cyhalothrin), dichlorodiphenyl trichloroethane (DDT), deltamethrin, ioxynil, lindane, linuron, mancozeb, metam sodium, metiram, metribuzin, picloram, resmethrin (as bioresmethrin) and thiram.

Agriculture (plant and animal protection) utilizes up to 90.6% of the ED active ingredients. About 14.7% of the active ingredients (mainly insecticides) were approved for use in public health. Some ED pesticides, mostly herbicides are approved for use on non-crop areas such as grasslands, structures, lawns, forest nurseries, live hedges (Table 2). Some of the active ingredients are approved for use in multiple areas.

Some ED pesticides have been banned for use (Table 3). Most of the banned are persistent organic pollutants that may still be impacting the environment long after their uses had been stopped.
3.3 Sources and Circumstances of Wildlife Exposure to ED Pesticides in Kenya

3.3.1 Pesticide Use and Wastes

The application of chemical pesticides represents an increased risk of exposure to both humans and wildlife. Pesticides do not necessarily remain at the site of application but may be transported and enter other environments from spray drift, soil erosion, precipitation and runoff, soil moisture seepage, groundwater flow, direct contact with animals and humans or by other means (USDA, 1986). It was estimated that less than 0.3%, of the pesticide applied actually come in direct contact or consumed by target pest, with the rest entering the environment (Pimentel, 1995). Thus agricultural and other uses of pesticides have the potential to contaminate other natural resources including protected areas, making exposure of non-target organisms (including humans and wildlife) inevitable.

Wildlife is exposed to environmental contaminants through multiple pathways. The main routes of exposure are ingestion, dermal contact, inhalation, and maternal transfer. Thus, wildlife can be exposed to pesticides directly by eating contaminated food or water, breathing volatile aerosolized or particle bound pesticides, or by skin absorption. The degree to which each of these routes of exposure contributes to the total dose depends on the crop and areas being sprayed, the physicochemical properties of the chemical, the physiology and specific life history traits of the animal species exposed, and the habitats in which they are present (Mineau and Keith, 1993).

Agricultural pesticide use is an obvious source of pesticide exposure to both wildlife and humans. Where arable land is sprayed with pesticides to control pests, droplets of the pesticides are inevitably deposited on non-target areas and on the intended target areas (Muir et al., 2004). Wildlife that are in the fields when pesticides are applied, or that enter fields shortly afterwards, may inhale vapors and fine droplets or get pesticides on their skin or in their eyes. Pesticides on an animal's skin or feathers may be swallowed when the animal grooms or preens itself or absorbed through skin if the animal encounters the droplet directly or by rubbing against foliage and other contaminated surfaces (Mineau and Keith, 1993). Wildlife within treated fields or in the habitats adjoining heavily treated croplands (such as, in the case of Kenya, coffee, flower, vegetables and corn or maize plantations) are most likely to be exposed. This is because they are directly sprayed or due to direct overspray (especially during aerial application) or drift during application. Mobile species may also be exposed through contact with vegetation or prey when they use fields which have been treated (Freemark and Boutin, 1995).

With the liberalization of agricultural markets in Kenya, the number of small-scale farmers growing vegetables for domestic and export markets has been increasing. However, vegetables attract high applications of pesticides and farmers use many insecticides on these crops (Dinham, 2003). The pesticides used have often been applied in relatively more excessive amounts than recommended doses to compensate for their rapid volatilization losses under tropical climatic conditions in order to achieve objectives (Lalah, 1993). In an audit commissioned by WWF in 1993, pesticide application methods observed included open cab tractors, hose pipes attached with a spray lance, and knapsack spraying. Equipment was generally in a poor condition, with leaks occurring regularly. Solutions were poured without use of funnels, making spillage and splashes almost unavoidable hence putting wildlife at risk (PAN-UK; http://www.pan-uk.org/pestnews/Issue/pn29/pn29p6.htm).
Aerial application can result in significant non-target exposure owing to overspray of non-crop habitats within or adjacent to treated fields and downward drift of droplets or vapor (Freemark and Boutin). In Kenya, spraying of pesticides from aircrafts has been carried out for many years both in crop protection and disease vector control programmes. Spraying of pesticides using light aircrafts while zebras and livestock are grazing nearby is a common site in some commercial farms in the country.  The World Health Organization’s (WHO) spray programmes to control disease vectors for malaria (mosquitoes), bilharziasis and fascioliasis (water snails) or African sleeping sickness (tsetse fly) have employed both aerial and ground sprays to achieve their objectives. In these programmes vast areas like Mwea Tabere settlement scheme (an area set aside for growing rice), Ahero Irrigation Scheme (rice growing area) and Lambwe valley (a national park and settlement area) sprayed with large volumes of pesticides, which made them habitable. Historically, ED pesticides such as DDT, dieldrin and endosulfan were used (Wandiga et al., 2002). Presently, pyrethroids such as permethrin, lambda cyhalothrin, D-allethrin and pyrethrins are approved for use in similar circumstances. 

Some ED pesticides are approved for application to non-agricultural areas, such as rangelands, pastures, industrial sites, railroads, which are habitats for many wildlife species (Table 2). The control of locust (Schistocerca gregaria) and the red billed weaver bird (Quelea quelea), take place in rangeland ecosystems and the chemicals involved include ED pesticides.

In addition to the exposure sources related to the approved uses of pesticides in Kenya, there have been incidents involving wildlife deaths that result from pesticide abuse or illegal uses. Mostly highly poisonous organophosphates, carbamates and rodenticides are the most commonly abused. Some of these are ED pesticides. The incidents are common around the game parks and predators are the targets. Recently, an alarm raised by conservationists over poisoning of wildlife in Kenya using a toxic chemical was wildly publicized in the print media (e.g. http://www.voanews.com/english/archive/2008-04/2008-04-29-voa50.cfm). In a survey conducted in central Kenya revealed that the insecticide carbofuran was often misused to control vertebrate pests and could be poisoning raptors (Ogada and Kibuthu, 2008). 

Pesticide wastes generated in the pesticide formulation, repackaging and in the course of pest control operations may also contaminate the environment. Factories may be sources of pesticide wastes through spillages, empty containers and washings from the manufacturing plants. During pest control, mixing sites, empty containers, washings and rinsates contaminated with pesticides, old and unused spraying equipment form part of the waste and may be sources of wildlife exposure. 

It is estimated that, nationally, large scale producers including government institutions, cooperative unions, flower farms, coffee estates, together generate wastes totaling 400 MT annually (Njunguna, 2007). These wastes may reach wildlife if not properly disposed of.

Like other countries in sub-Saharan Africa, Kenya is faced with a serious problem of large stocks of obsolete pesticides, much of which were acquired through commodity aid programs or unplanned importations. A national inventory undertaken in 2004 indicated that holding stores located in various parts of the country had obsolete pesticides including contaminated soils weighing approximately 1,500MT. The bulk of these chemicals were persistent organic pollutants including the aldrin, dieldrin and lindane that were used in the control of locust (Schistocerca gregaria). Others were heptachlor, carbofuran, fenthion, endosulfan; and some unnamed carbamates and organophosphates (Kenya NIPs, 2007). Due to old age and poor storage conditions at some of the stores, most containers deteriorated and corroded leading to leakage of the chemicals into the soils. In some cases the sides of the stores were open above shoulder-level potentially allowing winds to carry chemical dust to the surrounding areas. For example, at the main holding facility located in the Kitengela area of Kajiado District in Kenya’s Rift Valley province, approximately 27 kilometres south of Nairobi, it was estimated that 400 MT of soil around the site was contaminated, yet a seasonal river passes about 50 meters from the store, and is used by livestock and free ranging wildlife (Kamande, http://www.pan-uk.org/pestnews/Issue/pn70/pn70p10.htm). The Kitengela facility is still being used as a temporary store for illegal pesticides such as counterfeits, expired, unregistered, smuggled, improperly labelled or poorly packaged that are impounded by the Kenyan law enforcing agents.

3.3.2 Pesticides in the Wildlife Environment

Apart from sources related to pesticide use in the immediate vicinity, there are also diffuse sources of pesticides in the Kenyan environment that may contribute to wildlife exposure to ED pesticides. There exists potential transport of pesticides from plantations to national parks and other reserves, including those remote from pesticide application areas.

Agricultural fields in Kenya are generally located in plains, highlands and valleys that receive high rainfall well distributed almost throughout the year. The high rainfall causes runoff, leaching and seepage of pesticide residues into streams and major rivers most of which flow through conservation areas and up to the Indian Ocean or inland wetlands and other drainage basins. Wildlife in the repository ecosystems may be exposed from secondary sources such as contaminated prey, forage, water, sediments or algae.

ED pesticide residues have been reported in some Kenyan aquatic and terrestrial ecosystems and their catchments. For instance, Lakes Nakuru (00 22’ S, 360 05’ E) and Naivasha (00 45’ S, 360 26’ E) are believed to be among the highly pesticide polluted ecosystems in the country. In addition to aquatic wildlife, Lake Nakuru surrounding has one of the main national parks of Kenya. The park has one of the Kenya’s most concentrations of wildlife consisting of 70 mammal species, more than 400 bird species and more than 500 species of flora. The ecosystem is famous worldwide for the spectacular assemblages of lesser flamingos (Phoeniconaias minor), that congregate on the lake (Odada, et al., 2005; Thampy, 1995). Residues of organochlorine pesticides (OCPs) namely DDT (and its metabolites), lindane, heptachlor, and aldrin have been reported in various lake matrices such as sediments, water and algae from the lake (Kairu, 1999; Mavura and Wangila, 2003). 

Similarly, residues of ED OCPs have been determined in sediment (Mavura and Wangila, 2003), water and soil (Abiya, 1996) from Lake Naivasha. Permethrin, cypermethrin and fenvalerate, which are all ED pesticides, have also been detected in the soils and water from the same lake (Abiya, 1996). Lake Naivasha also supports a rich ecosystem, with hundreds of bird species, hippos, waterbuck, giraffe, zebra and antelopes that graze on the riparian grass (Becht et al., undated). In addition to resident birds, the lake is an important flyway for Palaearctic and Afro-tropical waterfowl and regularly hosts more than 20,000 water birds, including some very rare species such as the Maccoa duck (Abiya, 1996). For its importance in biodiversity the lake was designated as Ramasar site in 1995. The lake is also an important fishing ground.

Kenya shares Lake Victoria，the largest fresh water lake in Africa，with Tanzania and Uganda. The Lake supports numerous species of fish and other aquatic animals. Terrestrial animals also depend on the lake for drinking water. Pesticides have been reported in the Lake’s catchment. For example, endosulfan (alpha, beta and sulfate), DDTs, lindane, dieldrin, heptachlor and methyl parathion were all detected in surface sediment, surface water and air precipitation collected from Nyando wetlands in the catchment of the lake (Nyangababo, 2005). In a study conducted in 2002, Getenga et al (2004) determined several organochlorine pesticides in soil and surface water samples from the Nyando Sugar belt including River Nyando and its tributaries. The pesticides detected include those that had officially been banned in 1986 such as beta-HCH and alpha-HCH, endrin and heptachlor, indicating persistent use. Also, residues of the degradation products of alachlor and metoalachlor; chloroacetanilide herbicides (ED pesticides), were also reported in sediments and water from sites along River Nzoia, with some sites recording values higher than the European Economic Commission limit 0.1 and 0.5 (gL-1) set for any individual compound and total pesticides respectively (Osano et al., 2003). The rivers drain into Lake Victoria through areas of intensive agriculture.

There is a possibility of pesticides evaporating from where they have been applied and being deposited at cooler areas, where animals may contact them or they may be re-transported to other environments. Some studies have documented that concentrations of more volatile compounds tended to increase with elevations (see Mast et al., 2007). The specific meteorological conditions of mountain ranges can lead to pesticide convergence at high altitudes, raising concern for mountain forest and other ecosystems downwind from pesticide use areas (Daly et al., 2007). Kenya exhibits great extremes in altitudes that include mountains and mountain ranges. Kenyan mountains include extensive areas lying above 2,500 m, and most of the main ranges rise to well over 3,000 m; they include Mount Kenya (5200 m, the highest altitude in Kenya) located at 00 09’S 370 19’E, and Mt Elgon (4,321 m) at 010 08’N 340 35’ E. Both Mount Kenya and Elgon are national parks. 

However, the Kenyan mountains have been classified as important bird habitats by the Birdlife International (http://www.birdlife.org/datazone/ebas/index.html?action=EbaHTMDetails.asp&sid=98&m=0). For example, Mount Kenya is considered as an important Endemic Bird Habitat, with 7 out of 9 restricted range species being found on Mount Kenya (see ‘coffee and conservation’ at http://nuthatch.typepad.com/beans/2008/03/coffee-growing-in-kenya.html). 

Mount Kenya region is also an extremely important water catchment area, supplying the Tana and the Northern Ewaso Nyiro river systems. About 7 rivers that drain through the Meru National Park have their sources in the Mount Kenya area. Probably, the region is highly polluted with pesticides as the main coffee growing areas are those surrounding Mount Kenya such as Murang’a, Nyeri, Kirinyaga, Embu and Meru. It has been estimated that approximately 60% of pesticides used annually in Kenya are applied to coffee bushes (PAN, 1995). 

3.3.3 Pesticide in Wildlife

Some ED pesticides have been reported in aquatic and terrestrial animals thus confirming exposure of wildlife in Kenya. Residues of DDT, aldrin, dieldrin, endosulfan, lindane (γ-HCH), heptachlor have been reported in different fish species from the following Kenya’s Lakes: Baringo (Lincer et al., 1981); Nakuru (Lincer et al., 1981; Kairu, 1999; Mavura and Wangila, 2003), Naivasha (Lincer et al., 1981; Mugachia, et al., 1992a; Gitahi, et al., 2002), Victoria (Lincer et al., 1981; Mitema and Gitau， 1990). An analysis of fish tissues following their mass deaths at Lake Nakuru showed elevated levels of malathion (see Kairu, 1999). Also fish from the rivers Tana (Mugachia et al., 1992a) and Athi (Mugachia, 1992b) were contaminated with OCPs in their tissues.   

Kairu (1994) reported varying residue levels of 12 OCPs, dominated by DDE in birds from Lake Nakuru National Park. Earlier, Lincer (1981) had also found OCPs in birds from lakes Nakuru and Naivasha while Frank (1977) reported potentially harmful levels of DDTs and Dieldrin in tissues of birds of prey with samples from highly farmed areas exhibiting higher levels of pesticides. In a study which examined the effects of fenthion on non-target birds during a planned kill of the red billed weaver bird (Quelea quelea) found 17 species of birds dead in addition to the quelea, near the sprayed fields. Queletox (, 60 % fenthion (an organophosphate) solution, was sprayed over the fields from an aircraft ( Bruggers et. al., 1989). Similarly, spray programmes with dieldrin against tsetse flies (G. fuscipes and G. pallidipes) along the shores of Lake Victoria and Lambwe valley (South Western Kenya), and riverine forests conducted in 1968, caused death of insectivorous birds. Dieldrin residues were also determined in the tissues of birds and mammals namely Oribi (Ourebia ourebia), Reedbuck (Redunca redunca), and Hyena (Crocuta crocuta) in Ruma National Park, Lambwe Valley after the spraying (Richardson, 1970).

Skaare et al. (1991) observed that Nile crocodile (Crocodylusniloticus) eggs from Lake Baringo and a Mombasa crocodile farm were contaminated by DDT and dieldrin.  The concentrations of DDT in the eggs were 10 times greater than concentrations found in local fish. 

4.0
Discussion

It is an established fact that a number of chemicals (including pesticides) can alter endocrine functions by interfering with the synthesis, secretion, transport, binding action or elimination of natural hormones in the body. Some of these hormones are responsible for the maintenance of homeostasis, reproduction, development and/or behavior (Kavlock et al,. 1996). These chemicals, distinguished as endocrine disruptors bridge many chemical classes and are an integral part of the world economy and commerce (Colborn, 2004).

Wildlife are especially vulnerable to the endocrine disrupting effects of pesticides deliberately released into the environment. Effects linked to endocrine disruption have been noted in invertebrates, reptiles, fish, birds, and mammals living in polluted areas. Although most are linked to exposure to organochlorines, it is always difficult to tie down particular causal agents with any certainty. As such, effects caused by endocrine disruption are even now likely to be passing unnoticed because only a very small fraction of the many wildlife species on the planet have been investigated (Lyons, 2000).

The present examination of the list of pest control products registered for use in Kenya has revealed that many pesticides registered are those that contain active ingredients that have been listed as either confirmed or suspected EDs. It should however be noted, that many more pesticides are suspected to be endocrine disruptors than those in the reference lists consulted for this paper and so more suspected ED pesticides approved for use in Kenya than presented here. For example, the WWF’s list of pesticides reported to have reproductive and/or endocrine disrupting effects includes pyrethrins and all synthetic pyrethroids. There are currently 22 pyrethroid active ingredients contained in about 24% of all the brands registered in Kenya.

In addition, we were unable to identify the ED active ingredients that have been deregistered as information on them was scanty. Some of these might have been widely used before being deregistered and could still be dispersed in the Kenyan environment where they may be impacting wildlife.
Apart from the active ingredients it is also possible that some ED chemicals could be present in formulations of some pesticides that have not been linked to endocrine disruption. For example, the well known EDCs nonylphenol ethoxylate (NPE) and octylphenol ethoxylate (OPE), which are no longer allowed as emulsifiers in herbicides and insecticides in the United Kingdom (McKinlay et al., 2008), could still be part of formulations of the Kenyan widely used pesticides. On its own, NPE is currently approved as an adjuvant for use as a wetter/spreader on flowers with a hexaconazole based fungicide and with a deltamethrin (ED) based insecticide on flowers and French beans. NPE and OPE can break down to nonyl phenol, an oestrogen mimic (Lyons, 2000). It has been reported that the pre- or post-market addition of surfactants can alter the toxicological profile of a pesticide. For example, glyphosate isopropyl amine salt had no effect on Autralian tadpoles but the commercial preparation of Roundup (, did cause significant mortalities (Newman, 1998).

The Kenya’s pesticide market has been infiltrated with smuggled, counterfeit and/or adulterated products. For example, the quantities of counterfeit products impounded increased from 113 kg in 2005 to 516 kg in 2006 (PCPB, 2006). The active ingredients and inert materials in these illegal substances were not known and some of them could be EDs. 

In Kenya, a few environmental monitoring studies for assessing pesticide impacts on wildlife have been done. The wildlife literature is dominated by fish and birds. Information on wild mammals is surprisingly sparse despite their importance in the tourism industry. Also, most of the information on the ED pesticide residues and wildlife exposure has focused on pesticides that are persistent organic pollutants such as DDT, lindane, deldrin, aldrin and other organochlorine pesticides. Information is seriously lacking on exposure to other non-persistent ED pesticides especially currently used pesticides. 

Although existing studies suffer from the above limitations, they have served to confirm that animals in Kenya are actually exposed to ED pesticides. The levels reported are in most cases lower than the established standards. However, it is feared that EDCs could have no threshold for their activity – that is, any exposure, no matter how small, might trigger some effect (GreenFacts: http://www.greenfacts.org/en/endocrine-disruptors/endocrine-disruptors-greenfacts-level2.pdf accessed March 5th, 2009); including at concentrations normally considered “no observable effect level”, at least at certain sensitive periods of development (Sharpe et al., 1995). Therefore, basing impact assessment on the concentrations of the EDCs in the environment or biota as has traditionally been the practice, could be misleading.

Further, the tropical environmental conditions may enhance the toxicity (including endocrine disruption) of some pesticides and the risk of exposure may be greater with higher temperatures, humidity, and UV radiation, all characteristics of the tropics (Osano et al., 2003). UV radiation, for instance may weaken bonds between adsorbed chemicals thereby enhancing their bio-availabilities (Bossan et al., 1995). Also, it has been shown that UV radiation increases the rate of frog malformation (Blaustein and Wake, 1995). 

Recent surveys have revealed that some ED organochlorine pesticides that have been banned in Kenya were still widely used (Gitahi et al., 2002; Getenga et al., 2004). The continued illegal use of these persistent organic pollutants in the agriculture was attributed to their availability at low costs, low mammalian toxicity and their broad-spectrum bioactivity for a long duration (Wandiga et al., 2002). Some of these pesticides such as lindane, DDT, endosulfan and dicofol are still approved for use in Kenya. Pure lindane and DDT are permitted under “Restricted Use”. Lindane is distributed in Kenya under 3 trade names ‘restricted’ to seed dressing only for the control of early insect pests in maize, sunflower or rapeseed seeds. This restriction is intended to prevent widespread use to minimize its environmental impacts. However, in a developing country such as Kenya, where enforcement of laws remains a challenge, misuse of the chemical was likely. Gitahi et al (2002) observed that lindane was among the pesticides in agricultural stores in the areas surrounding Lake Naivasha and was so was likely to be misused. The authors further found lindane residues as the most predominant in black brass (Micropterus salmoides) and crayfish (Procambarus clarkii) from Lake Naivasha, indicating the insecticide might have been in significant use in the Lake’s catchment. Even under approved use wildlife exposure was still likely. For instance birds may ingest the treated seeds and get directly exposed to the chemicals. Sown seeds also contaminate soil with the persistent organochlorine putting ground and surface water at risk of contamination. 

There are also 2 brands of formulations containing mixtures of Lindane 20% (insecticide) and Thiram (fungicide). These formulations are not registered under “Restricted Use” and are widely used as insecticides cum fungicides for the control of seed and soil borne diseases and insect pests. They are potential sources of environmental lindane and their non-restricted uses beat the purpose of pure lindane’s restriction.

DDT was banned for agricultural use in 1986 but its approval remains “restricted” for use in public health only for mosquito control for indoor residual spray by Ministry of Health (PCPB, 2006). However, as an impurity in dicofol, DDT is possibly spread to the soil environment with the use of dicofol (Gong et al. 2004). Although the permitted maximum DDT content of the dicofol registered in Kenya is 0.1%, which is considered negligible, it may still be a significant contaminant considering that DDT is persistent and undergoes biomagnifications in biota.  

In Kenya, chemical intensive agriculture takes place in close proximity to and in the catchments areas of biologically diverse ecosystems including the protected ecosystems with some areas coinciding with biodiversity hotspots. With upto 25% in non-protected areas, Kenyan wildlife (vertebrates) occurs in virtually every terrestrial and aquatic system in the country including agricultural, suburban and urban areas. As is typical of some animal species, some Kenyan wildlife migrate or simply move among the adjacent habitats seasonally, a behaviour that can place them or remove them from contaminated areas (Smith et al., 2007). 

The catchment areas of important ecosystems such as Lakes Nakuru, Naivasha and Victoria are areas of intensive agriculture. The catchment basin of Lake Nakuru, for instance includes an agricultural area where pesticides have been used liberally in the surrounding large-scale coffee and wheat farms. Also used in the basin are the acaricides to protect the exotic dairy and beef cattle which are highly susceptible to tick borne diseases. Nakuru town, located within a kilometer from the lake, is probably the largest single source of pesticides in the basin (i.e. mosquito, weed and rodent control, dog washes, stored grain protection and household pest control) (Lincer, et al., 1981). In 1999, ED pesticides DDT (and metabolites), diazinon, mancozeb and malathion are among pesticides that were found to be in use at the catchment of Lake Nakuru (Mavura and Wangila, 2003).
As for Lake Naivasha, several ED pesticides were among the biocides identified as commonly used around Lake Naivasha and its catchment areas. They include fenitrothion, methomyl, bifenthrin, endosulfan, diazinon, lindane and permethrin (Gitahi et al., 2002). The situation is similar for catchments of rivers draining through other important aquatic and terrestrial habitats in Kenya including protected areas. 

4.1 Decline in Wildlife Population and Possible Role of ED Pesticides

An analysis of the counts over the last 40 years to assess wildlife population trends in nationally protected areas showed that biological richness and diversity are declining steeply in some Kenya’s national parks and steadily in some of them. As a result the country now faces serious conservation and management challenges (Western, 2006).
Changes to fish and bird populations have also been observed in Kenya. For example at least four species of fish (including one endemic species) have been reported to have disappeared from Lake Naivasha (Abiya, 1996). At the same lake (Naivasha), Harper et al (2002) observed a decline by over half of the population of the African fish eagle (Haliaeetus vocifer) during the period1987-99. It should be noted that eagles have been used as indicators of ecosystem health (Machange et al., 2005). However, Harper et al (2002) ruled out contamination of lake by pesticides and possible breeding failure, as a significant cause of the eagle population decline. The authors based their argument on the fact that Gitahi et al. (2002) had found no evidence for pesticide amplification in lake food chains and that organophosphate pesticides had not previously been detected as tissue residues in biota from the lake. Considering that organophosphates have short half lives and that ED chemicals may be active at sub-lethal concentrations, tissue residue levels may be deceptive of reality. Cases where the endocrine system was affected at the time of exposure may not be reflected by the tissue levels of contaminants. The fact that IUCN (2003) reported similar declines for other raptors namely Kingfisher (Ceryle rudis) and rallis (made up numerically mainly of Red-Knobbed Coot -Fulica cristata) at Lake Naivasha, further points to a possible undiscovered problem within the ecosystem. 

More over, elevated rates of disease are reported in human populations living in areas that have a confirmed high exposure to EDs (including pesticides) (see McKinlay et al., 2008). At Lake Nakuru National Park, animal health problems have been recorded among some animals notably the waterbuck Kobus (ellipsiprymnus defassa) (Kisia et al., 2002; Jumba et al., 2007). Although heavy metals exposure was investigated as a possible cause (Jumba, 2007), the results did not conclusively implicate the metals and the cause(s) remains a mystery. The question remains, could the animal illness have been caused by pesticide exposure?
Endocrine disruption by environmental pollutants has been suggested (or even proven in a few cases) to be the cause of population decline in many animals (see Taylor and Harrison, 1999). However, as it has been observed, EDCs can lead to the loss of wildlife populations without society knowing what is happening (Bantle (1995). The problem is further complicated by the fact that it is difficult to establish a causal link between observed abnormalities and chemical exposure, especially in the ecosystems where animals are exposed to different chemicals at the same time. In addition, in a world in which wildlife populations are increasingly threatened by climate change and habitat destruction, the potential effects of chemical-induced endocrine disruption in wildlife might seem to pale into insignificance (Lyons, 2006). Therefore, it is not surprising that the loss of wildlife in Kenya is commonly attributed to poaching, large scale habitat changes caused by disruption of wildlife movements, range fragmentation and ecological segregation of large- scale interactions among wildlife and pastoral activities across Savanna ecosystems (Western & Gachohi, 1993). Recognizing that pesticides have been identified as one of the threats to biodiversity in Kenya (Okello and Kiringe, 2004), the role of chemical-induced endocrine disruption in wildlife in the animal population decline needs to be investigated.
4.2
Pesticide Regulation

The legislation relating to pesticides and the existing pesticide policy in Kenya has been published (Wandiga, 2001). The Pest Control Products (PCP) Act, CAP 346, laws of Kenya (with regulations made there under) mandates the PCPB to regulate the importation, manufacture, exportation, distribution and use of pest control products (pesticides). PCPB has developed a registration scheme which agrees with the FAO Guidelines on the Registration and Control of pesticides. 

Being a relatively new phenomenon, however, endocrine disruption has not been included in the guidelines and regulations to protect human health and environmental damage in Kenya. This regulatory flaw may be attributed to the fact that no validated or standardized screens or assays have been developed to test chemicals for their possible endocrine disrupting effects (Colborn, 2004). Consequently, none of the hundreds of pesticides of pesticides used in the Kenya was evaluated for endocrine disruption effects. There still exists opportunity for the introduction of more ED pesticides.

There is no widely accepted list of endocrine disruptors or potential endocrine disruptors (GreenFacts: http://www.greenfacts.org/en/endocrine-disruptors/endocrine-disruptors-greenfacts-level2.pdf accessed 5th March, 2009). Even leading organizations such as the wildlife fund for nature (WWF);German and United Kingdom’s environmental agencies; United States Environmental Protection Agency, have all drawn lists that are not in total agreement on the identified ED pesticides. The WWF, for instance, have included all pyrethroids and pyrethrins on their list with the assumption that chemicals from the same families, with similar mode of action are functionally the same. 

However, from literature reviewed for this paper most regulators appear to agree that lindane, DDT, atrazine, tributyltin, nonylphenol ethoxylate (NPE) and octylphenol ethoxylate (OPE) are endocrine endocrine disrupting chemicals. Of these, only tributyltin is not registered in Kenya.

The EU has compiled a prioritization list with 38 pesticides listed in category 1 of pesticides confirmed as EDs, i.e. where at least one study providing evidence of endocrine disruption in an intact organism

5.0 Conclusion

The examination of the list of pesticides registered for use in Kenya revealed that about half of the pesticide brands currently approved contain active ingredients that have been identified as having endocrine disrupting properties. Most of ED pesticides that are persistent organic pollutants have been banned for use the country. However, pesticide residue monitoring studies, including some recent work in Kenya, have determined a number of these compounds (especially the banned persistent organochlorines) are present in the aquatic and terrestrial environments as well as in some animal tissues at concentrations that could potentially be of concern.

From the pesticide usage pattern, methods of application as well as meteorological and other environmental conditions in Kenya, it is evident that no matter how carefully they are controlled pesticides used will eventually become widely dispersed in the environment and wildlife will inevitably be exposed. On the other hand with many pesticides currently used in Kenya being those that have the potential to affect wildlife populations through endocrine disruption, action is clearly necessary.

Imposing a ban at once, on all about half of pesticides registered would be an overambitious undertaking. Kenya has more than its share of devastating pests including human disease vectors such as mosquitoes, tsetse fly. Also, such a move may bring down the agricultural sector, which is the mainstay of the developing country’s economy. Prioritization is clearly necessary. 

We therefore recommend that the uses of the pesticides containing lindane, DDT, atrazine, NPE and octylphenol ethoxylate OPE be banned with immediate effect. NPE and OPE should be replaced with safer surfactants in formulations containing them. Endosulfan, being an ED pesticide persistent in the environment, carbofuran, which is highly hazardous to wildlife as well as dicofol (which contains DDT as an impurity) also require immediate ban or severe restriction. On the other hand confirmed ED pesticides that have not been introduced in Kenya should never be approved. 

As for the rest of the ED pesticides there is need for the establishment of a local screening program that will take into account relevant international regulatory activities and reports on ED interruption. 

Aerial application of pesticides and uses of pesticides on rangelands and non-agricultural areas including along rail roads should be banned. Chemical control of tsetse fly, birds should also be minimized if not stopped.

5.2
Usage and Research Priorities

There is urgent need to minimize synthetic chemical use by employing integrated pest management, organic farming, pest resistant varieties and other farming techniques that require less or no use of pesticides. Use of natural enemies, insect growth regulators and biopesticides should be encouraged.

Farmer’s ecological literacy should also be enhanced to minimize deliberate poisoning of wildlife with pesticides or careless use of the chemicals.

Research is needed to investigate if there are already, effects of banned and currently used pesticides on reproduction, endocrine and immune functions in wild animals especially wild mammals inhabiting Kenya’s national parks and other protected areas. In particular, studies are necessary devoted to the fates of the organophosphorus, carbamate, synthetic pyrethroid, pyrethrin pesticides, and their toxic derivates along the trophic chain in the Kenya’s ecosystems. 
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