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ABSTRACT

River relies on rain fed agriculture. Important gsogrown include cereals, cash crops fruits andeteddes.
Farming is one of the contributors’ of pollution take Victoria. Organophosphates and other banmgédnochlorine
pesticides such as lindane, aldrin and dieldrinewesed by farmers. The pesticides transport wastdiyn water run-off
and air drift into the lake. Environmental risk @ssment background information was collected thnapgestionnaire and
interviews of farmers to determine knowledge arfd sae of pesticides. Fourteen pesticides werdiftlzhas commonly
used of which four are toxic to bees and five tm$i The farmers identified declines in the numifgpollinating insects,
the disappearance of Red-billed Oxpeclgughagus erythrorthynchughd wild bird’s fatalities. The general knowledge
among farmers about chemicals risks, safety, andnah illnesses was low. Activities that increasss/ironmental

awareness and safety of pesticides should betedtiay the agrochemical firms and government
KEYWORDS: Environment, Farming, Lake Victoria, Pesticides

INTRODUCTION

In many African countries agriculture is considetede the key to economic development. Agro-iriferadion
has led to negative impact on the surrounding enwirent in many parts of the world (Wilson and Tisd2001).
The challenge for future food production in Africatherefore to intensify the agricultural prodoatiwithout decreasing
the capacity of the environment to supply the pagioih with other ecosystem services. Agriculture baen a mainstay of
the Kenyan economy. It is the basis for food ségufor economic growth, employment creation anceign exchange

generation.

Most of the agricultural production in Kenya cong@s mixed farming, i.e., crop and livestock farming
Agriculture accounts for 60% of Kenya's foreign kaoge earnings and provides raw materials for tuistries
(NIP, 2006). Hence there is tendency towards the afschemicals especially fertilizers, veterinatyemicals and
pesticides. Farming is more intensive in the trapsavannah zones than in the arid and semi-ag@barhere cattle, sheep
and goat rearing predominate. Safe storage andshspf pesticides and fertilizers remain a chajéem the agricultural
areas. Rapid expansion of the agriculture duedeeasing population has resulted in increased dérmaragro-chemicals
in Kenya and Pesticides have become an integral gfaplant, livestock and public health protectilES, 2006).
However, increasing evidence suggests that pessidide intrinsic public health and environmenisits during their
production, import, use, storage and disposal (B@ger et al. 2013). Many pesticides used in allisties have been
associated with toxicity to human (Jacobs and Dmha001) and others are suspected to be carcirggemnitagenic,

and endocrine disruptors (Colborn et al., 2004)ré&h registration practices are put in place sofaa as possible, ensure
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that proper use of pesticides minimizes risks teirenmental and human health, but controls and reefoent of
regulations are less than strict in the River Nyabdsin, reflecting a situation common to many tiag countries
(Stadlinger et al. 2013). The pesticides when ysegerly may pose low risk to the environment anthan health as long

as strict controls are put in place.

Point sources arising from stored obsolete pesticlthve been identified as locally very importaneats to the
African environment (Elfvendahl et al., 2004; NE2B06), while the consequences of diffuse use iicaljure has been
less studied. Recently, work by Sereda et al., p0tlicated that pyrethroids found in human breaigt may come from
agricultural use. Bouwman and Kylin (2009) pointad the need to include agricultural and other uwdgmesticides when
evaluating risks to infants from pesticides usedvéctor control.

The reported rapid degradation of some pesticide&enyan soil not withstanding (Wandiga et al., @99
the potential for bioaccumulation and bio-conceidraof these pesticides pose serious ecologichlhealth concerns for
the environment. All types of land use in the I&ketoria catchment in one way or another affects diality of its water
and that of the tributaries (Shephard et al., 20B8}ticides leaching or draining from agricultuaaid may pollute surface
and ground water. The Nyando and Kagera Rivery ¢agher sediments, pesticides and nutrients la&dsthe lake than
other rivers (Calamari et al.; 1995). This has @a significant pollution problem that threaténs use of the lake’s

resources for national development (Odada et @9R

The pollution problem in Kenya's part of Lake Vioeowas noted by the committee for Inland FisheoieAfrica
(CIFA) sub-committee meeting held in Mwanza (Tanaam 1989 since Kenya has the least catchmeat\&itthn 6 major
rivers carrying pollutants into the lake. The risally secluded Kenya's part of Lake Victoria, Wina®ulf is the most
polluted part of the lake (Calamari et al.; 1998)jnam Gulf catchment) comprises the North and Senmttakeshores in
Kenya, including the River Nyando and Sondu-Mirasins with a total area of 11,994 krBome incidences of pesticide
poisoning of fish was highlighted by the press iayML999, the fish was purported to be harvesteu the lake by use of
endosulfan, an organochlorine insecticide. Thiglted in a ban by the European Union (EU) on ah fimport from Lake
Victoria (LVEMP/MoOALD& M, 1999).

The EU demanded that the three East Africa counsidomit a list of all chemicals sold in the regitimeir
toxicity to humans and their persistence in fiskd aater before any negotiations begun (LVEMP/MoALD& 1999).
Commercial fishing activity around the lake and sduently the economies of the three riparian cmmtvere greatly
affected as a result. Total loss of income duénéokian was estimated to be more than US$ 300 miliyEMP, 2003).
Although there are individual reports on pesticidmncentration in fish (Henry and Kishimba; 2006),
water (Getenga et al., 2004), soil and sediment®@’o, 2009) from parts of the lake, there is omprehensive analysis
of pesticides use, distribution and fate in Laketbiia or any of its drainage systems. Lack of dasformation on
pesticides use, overfishing, water hyacinth invasaoad sewer pollution have resulted in the dedtifiéish in the lake
(LVEMP, 2003). However the absence of surveillapegrams for pesticide residue levels in the adjtical and fisheries
products from the Lake Victoria basin has wideriggoand market implications. Absence of such progrees may be
detrimental to the fish export from the East Afrgtates due to increasingly stringent regulatiothenimporting countries
on residue limits in imported fisheries and agtietdl/horticultural products. Lake Victoria fishirgarns Kenya between
KSh 4 billion and KSh. 6 billion (USD 85 millionnaually from fish exports revenue (LVEMP, 2003)ttmight be lost
if pollution from agrochemicals is allowed to contée.
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The River Nyando has been identified as the moditited drainage basin in the Kenyan side of theelak
(Shepherd et al., 2000). The drainage system sasdiormerly three districts (Kericho, Nandi, angaNdo), which are
major agricultural and industrial zones in Westkemya. It serves as a recipient for effluents friem, coffee, lime and
sugar factories. Farming is intense and a wide gasfgpesticides are used in the drainage basiddition, it has the
highest slope and rate of sediment transport ofttedl rivers draining into Lake Victoria. Arguablpoor land-use
management practices (e.g., cultivating on slopigscant to rivers and on river banks, draining etlands and clearance
of forest cover to give additional arable land) amensive use of agrochemicals have resultedhigl flow of nutrients
and sediments that have negative impacts on Riyan#lb and Lake Victoria ecosystems (Peters and key2000).
Although some studies regarding levels of pestiidefish, water, soil and sediments have been doinya, surveys

of risks to farmers while using pesticides are (&ariuki, 2008).

Because of the CIFA’s concerns in 1989, the impmsiof a fish import ban by the EU in 1999 and lohea
evidence from data available from studies condueit#tuin the lake basin, it is important to focustbe pollution status of
the Winam Gulf catchment with special focus on Rieer Nyando drainage basin. Studying River Nyargonportant
for restoration and management of the lake asgfaatlong-term strategy to conserve the ecosystemation in the lake
basin. If a well-targeted comprehensive analysislath on pesticide use, distribution and fate isedfior one drainage

system, the results can form the basis for theystfithe other waterways and of the lake itself.

This study was performed to identify agrochemicesed in different areas along the River Nyandondigé basin
in both the large and small-scale agriculture thtoyarticipatory rural appraisal (PRA) methods (2ed, 1994).
This was in assessing the effects of agrochemaalsnvironment and human health in the basin. Eenrselected areas
were visited in February, May, September and Deegr@bB05 and in similar periods in 2006 mainly tptcae the effects

of different seasons and farming activities onageochemical usage.

MATERIAL AND METHODS
The Study Area

The Nyando drainage, has a catchments area of I8#80a total length of 170 km and lies between 0° 26'S
0°10’'N and 34° 50'W to 35°50'E. The climate is submid with a mean annual temperature of 23 °C hadrnean annual
rainfall of 1360 mm that varies from 1000 mm neaké Victoria to over 1600 mm in the highlands (NE802).
The annual rainfall has a bi-model pattern with kseaduring the long rains (April-May) and short min
(October-December). The rainfall is controlled loyth and southward movement of the Inter-Tropicah¥&rgence Zone

(ITCZ) during the dry seasons (January-March).
The River Nyando Drainage Basin

The River Nyando (Figure 1) has two main tributsyriemall Nyando (Kericho sub-catchment) and Ainamot
(Nandi sub-catchment). Awach-Kano, a smaller riflews into the main River Nyando 15km downstream tioé
Nyando-Ainamotua confluence. The Nyando basin draimajor agricultural and industrial zones of Wast&enya.
The average annual and monthly run-off flows ared 18°s® and 18.3 s’ respectively (Calamari et al.; 1995).
Compared to all other rivers emptying into Lake t¥ita, Nyando has the highest average sedimenspoah capacity
index (0.30) and average slope (5%) (LVEMP, 2003).
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Scale 1:500,000

Figure 1: Map of River Nyando Basin Showing the Sapling Sites
Population and Land Use

The population of Nyando basin is about 746,000, aaerage population density of 214 persons2km
and a population growth of about 3.2 %' yKenya CBS, 2009). High livestock densities arenomn throughout the
basin. The forests are being cleared for charcaalibg and to increase arable land; wetlands & didained to increase
arable land. Small-scale subsistence maize, sorginthrice farming characterize the lower part ef Watershed and the
lake plains. At higher altitudes, there are large amall-scale sugar plantations, coffee and té@tessand relatively
large-scale maize and horticulture (Abong’o, 200R)e nature of the soils (alluvial) together witke tmultitudes of
rivulets and low-lying lands that characterizes #nea brings about water stagnation. Flooding ésetlore a common
occurrence and the area suffers from periodic iatiod, particularly after heavy rains in the adjgcescarpments and
hills. There is a widespread land degradation thihout the River Nyando basin that currently affegis estimated
1444-1932 krh(39.5-52.9%) of the area (Shepherd et.al, 200@&d@dkt.al. 2009).

Methodology

To gain information on the benefits from pesticidesl other agro-chemicals used and their percaieggtive
effects on the agro-ecosystem and human healtistignaaire with both open and closed end questifigld, observation
checklist and measurements of areas of some farens used. The farmers whose farms are adjacenvdo banks
(< 10 m riparian zone) within some selected urbarnresrand use agrochemicals on their farms or dstonstituted the
target population, with 80% of the total populateEmgaged in small-scale intensive farming and &name of farm size of
3.5 hectares per household (Kenya CBS, 2000).

The sampling size was calculated using the fornfatadetermining sample size in social science metea
(Mugenda and Mugenda, 1999). Random sampling wed wsselect sampling areas from which 64 peoplm feach of
the three former districts were interviewed. Puimsampling was used to select key informants wictuded chiefs,
agricultural officers and scientists from Kenya isgttural Research Institute (KARI) and Lake VidgoEnvironmental
Management Project (LVEMP) and pesticide retailerthe catchment. Data on existing agrochemicdis sse, handling
practices, hazards and challenges involved in thegrwas collected using Participatory Rural ApaiafPRA) techniques
which included interviews with key informants aratdis group discussion (Bernard, 1994nstructured questions were

used as interview guides to ensure that data ¢etlenet the objectives of the study.

A total of 150 farmers were interviewed in the wheohtchments area (Table 1). The questionnairesdem the
information on, sizes of farms, types of farmingl dhe crops grown, number and types of livestdol,glanting seasons,

types and quantities of chemicals used, major gEstdems, farmers’ knowledge and attitude towagi®chemicals use,
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their perception on environmental and health prolsleonnected to use of pesticides or other chesittabas difficult to
get an understanding of the quantities of pesticideed and the sizes of farms through questiormatrerefore

guantitative measurements of sizes of twelve famere taken.

Table 1: Description of Sampling Sites
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Participatory interviews were held with six ProvalcAdministration Officers (Chiefs) in Tugunon, #dewa,

Siwot, Koyo, Tinderat-Barasendu and Kobura locajofour scientists (Project manager and three ddtsjnfrom
LVEMP’s pollution loading component at Kisumu anan¢a Agriculture research Institute (KARI) and &hstrict
Agriculture and livestock officers, two each froneticho, Nandi, and Nyando districts to gather #lewant information
regarding roles of their institutions in advisiregrhers on handling of agrochemical. Also threeicdihofficers, one each
from Londiani, Ahero and Kaptumo sub-district hdals and 22 pesticide retailers in the urban cenwéhin the
catchment four in Londiani, three each in Kedowgke&lion and Ahero; One each in Muhoroni and Chdmstven in

Nandi Hills and four in Koru.

RESULTS

The Agricultural Enterprises in Kericho, Nandi and Nyando Districts

Agriculture is the most important source of incomeNyando catchments; 82% of the farmers intervidwe
depend entirely on farming, with the productionvilyaconstrained by rain especially in the lower&i Nyando basin. Of
the available hectares of arable land in drainaggnb 15% is set aside for cash crops such a$%j éugar cane (4%),
pyrethrum (3%) and coffee (2%) documented in Tdblé&laize, which is the staple food, is grown maifdy family

consumption; only 17% of the farms also grow méizesale.

The most common food crops grown by householdsbaens (15%), kales (14%), cabbage (12%), tomatoes
(11%), sweet potatoes (8 %), peas (5%), Onions ,(8%9sava (2%) and rice (1%). Vegetables are muskediate cash
income source. Average income per household raingesUS $ 300 to 1000 per year, but the incomelmatow during
droughts. The food crops occupy 58%, 28% and 49%hefarable land in Kericho, Nandi and Nyando ittr
respectively (Table 2). The main cash crops arectféee, and sugar cane which occupy 27%, 11%34e4 of the arable
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land in the three districts respectively. Much I§8d%) in Nandi has been set aside for livestockiiag while only 10%

and 7% respectively are for that purpose in Kerighd Nyando Districts.

Table 2: Agricultural Enterprise in River Nyando Basin

Crops Kericho (Ha) Nandi (Ha) Nyando (Ha)
Tea 16,000 21000
Coffee 2850 1500 3000
Sugar cane 4000 2500 20,000
Rice 5,500
Pyrethrum 600
Cotton 4,000
Tobacco 1,400
Maize 36000 65,000 15,000
Beans 13900 12,000 4,400
Sorghum 700 1500 6,000
Finger Millet 1540 1200 300
Irish potatoes 230 300
Kales 690 750 150
Tomatoes 1500 500 100
Fruits 1,570
Cabbages 3000 750 500
Livestock 6000 127,000 1,300
Total 87010 234,000 62534

Sources:NYD/SUP/VOL.1/-District Agriculture Office-Nyand@PCPB, 2008)
Hectares- (Ha )

Problems Encountered by the Farmers

Crop pests are the major limiting factor in farmiactivities as stated by 96% of interviewees. Ott@nmon
problems are lack of rain fall (43%), poor agriawdl soils (33%) especially in lower Nyando are&soAmentioned were
the lack of market for farm produce (89%), shortaf@asture land (70%), lack of farm tools (87%)orsage of labour
(25%) and lack of fertilizers and pesticides (77%).

Raiding of crops by wildlife was problematic to 3686 the farmers in lower Nyando catchment. The pest
problems have got worse (18%), the pests have beaesistant to pesticides, the climate change hmaselted in
droughts, floods and storms and other climatic &/émat disrupt livelihoods by causing loss of imeosince farming
activity depends entirely on the quantity and darabf rain (Robert T.Watson et.al., 1997). 43%h# farmers were of
the opinion that some areas are more affectedilmatit events now compared to 1980’s.

Major pests problem in the area are maize stalkehbaBuseola sp.Lepidoptera) (86%), aphids
(Aphidae sp, Homoptera) (70%), cutworm A@rotis sp, Lepidoptera) (60%), diamond back moth
(Plutella xylostellalepidoptera) (50%), onion tripsTHirips tabaci,Thysanoptera) (28%), termites (20%), tobacco mosaic
virus (9%), and weeds (4%).

Types of Pesticides and Levels of Usage

Synthetic pesticides are used in the drainage bBs&isticides are used more frequently in vegetgieduction
than in maize (91% compared to 9%). 42% of housishote pesticides in grain storage, although ggsisideclining. In
maize and vegetable production, no herbicides se€ gince the households practice weeding insteasirg herbicides.
Herbicides are, however used in large scale tefee@and sugar cane plantations. Insecticides fiee ased more than
fungicides. The farmers use between four and téfardnt compounds (Table 3).
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Table 3: Agrochemicals Used in River Nyando Basinral their Recommended Rates

Pesticides/Fertilizers Crops Recommended Rate
Karate Tomatoes, kales, cotton 1kg a:lha
Milraz Tomatoes 300-500 g a.i. ha
Dithane/Mancozeb Tomatoes 300-500 g a:i’ ha
Actellic cereals-maize and sorghum 100 g a.i. pek@sack against storage pes
Dimethoate vegetables, fruits trees, tobacco 78D 16l a.i. ha
Ridomil Tomatoes 500-1,000 g a.i.’ ha
Milthane Tomatoes 500-1,000 g a.i-ha
Furdan 5G rice and horticulture nursery beds 100 a.i. ha.
Diazinon Tea, coffee 1000g a.ifha
Kocide coffee 2000-2500 g a.i. ha
Dipterex maize and sorghum 1000 g a.i’ha
Linulon sugarcane 5000 g a.i.’ha
Round Up Sugarcane 3609 a.iha
Fenthion coffee 9839 a.i.Ha
Fenitrothion Tea, coffee 500 g a.i.’ha
Urea sugarcane and occasionally rice 50-100 kb ha
CAN all crops 50-120 kg hA
DAP and MAP all crops 75-150 kg Habasal application

ts

Source: PCPB, 2008: CAN-Ammoniun Calcium Nitrogen, DAP-Biaonium Ammonium Phosphate
MAP-Monoammonium Phosphate

Specific information on agrochemicals used in thElement area and their recommended rates of afiplicare

given in Table 3. Most Pesticides are used durhrgy ghort rain season (October to December) whenefar grow

vegetables in bulk. Vegetables are grown throughbetyear with the highest peak during short raassn. All the

households that keep livestock (cattle, sheep,, gtmtkeys) use pesticides against ticks (that spezest coast fever,

Anaplasimosi,

Babesiosi

and heartwater) and

tsetioes

(that

spread Trypanosomiasis).

Chlorfenviphos

[(EZ)-2-chloro-1-(2,4-dichlorophenyl)ethenynl]digthphosphate] is the most commonly used pesticidelivestock

followed by amitraz NI,N'-[(Methylimino)dimethylidyne]di-2,4-xylidine) (Talel 4). The spraying of pesticides (97%) is

usually done by male adult farmers and very raoglyvomen.

Table 4: Pesticides Used in River Nyando Basin theClassifications and Toxicity to Bees and Birds

. . Types of Toxic Active Ingredient Toxicity Towards Used by %
IPEEliE: NS (D gt Pesticides Classification* Bees and Birds** Household
Toxic to bees, LE (oral) 0.36pg beg
LD50 (contact) 0.07ug béetoxicity to
Dursban Chlorpyrifos Insecticide WHO:II ggdlsoz mg kg-body mass (chicken), 56
Dietary LG (8d), 423 mg kg* body
mass bobwhite quail
Dithane/Sancozab Mancozeb Fungicide WHO:III Acd@hour LD 140.6 ug be 60
Sumithin Fenitrothion Insecticide WHO:II Acute, ABur LD;; 0.16:g be¢" 78
Neocidal Diazinon Insecticide WHO:II Acute, 48 hdiDs; 0.09 g bed 47
Antracol Propinab Fungicide WHO:II - 12
Furadan Carbofuran Insecticide WHO: | Acute, 48rHdDs, 0.036 ug bed 36
Caprado 50 WP Copper Oxychloride Fungicide WHO:III - 9
Karate A-cyhalothrin Fungicide WHO:II. Eg’gggofgég ?foeriétgs()?g(irg}zagéogs 9
Round Up Glyphosate Herbicides WHO:II - 48
Gramoxone Paraquat Herbicides WHO:II - 33
Ambush CY Cypermethrin Insecticide WHO:III Acute§ Hour LDy, 0.02 pig beé 49
Acute, 48 hour LB, 7.81 g beé, acute
Thiodan EC Endosulfan Insecticide WHO:lI ?rﬂlﬁa?gsjgkgg ggg—i%%{)nﬁwsgsu@ody 13
mass (ring-necked pheasant)
LD50 (24h, oral) 0.55 pg bée
(tropical); 4.1 pg bek acute oral LG,
pheasant 107 mg Kdody mass ; LG
Stalladone Chlorfenviphos Insecticide WHO: | pigeons 16 mg Kgbody mass, ; L& 64
mallard ducks 490 mg Kghody mass
LCsohouse sparrow 122 mg kgody
mass.
Low toxicity to bees LD50 (contact) 50
ug beé,; LDsobobwhite quail 788 mg
Tactic/Tixfix Amitraz Acaricide WHO:II kg body mass; L& (8d) mallard ducks 40
7000 mg kg body mass, Japanese qual
1800 mg kg body mass.

WH(@2002): Classification from I to IIl, with | beindpé most hazardous
*Tomlin (2001)
No data provided
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The dose of the most commonly used pesticides ditmpto the households range between 750-1500 ntaa.
(a.i, active ingredient) to 3000-5000 mL a.i'ia some areas. Round Up (glyphosate), with apjitinatate of 3000-5000
mL a.i ha' is the most common herbicide used in the plantat{@able 3). Pesticides are sprayed between twideten
times per year. All the respondents mentioneddbstl spraying is only done in large tea estatdsaricho and Tinderet
areas. Knapsack spraying is used by 98 % of thediar in coffee, sugarcane, vegetables, and crauengon small scale.

Of the farmers, 89% purchase whole container oatirechemical, while 11 % buy the chemicals frotreofarmers.
Farmer’'s Knowledge and Attitude towards Pesticide dage

The pesticides were considered effective by 97%h@fusers. However there is increasing concern graéfo of
farmers about the health risks from such usageerGtbncerns were escalating prices of pesticiddsfentilizers among
all the farmers interviewed and lack of user knalgke among other. The future use of pesticidesimdliease or level off

as reported by 82% of interviewees since new prsdare being introduced into the market.

Low purchasing power (60%) and health risks (36%) r@asons for a decrease in pesticide usage rther
current needs. Forty eight percent of farmers daige the exact doses recommended by the manudesthecause of low
purchasing power and poverty. Ten percent of fasmreilLondiani and Kipkelion areas have used ecoligarming but
still find the use of pesticides better. Only tearnfiers (9%) mentioned about the negative envirotahearffects of

pesticides.

The majority of the farmers are literate, but 86&vdrnever used safety information and instructiorpesticide
container, while 32% have read it between at Igaste or each time they use the pesticide in doesfThe main
information source for the farmers on chemical asethrough the agricultural sector government ergKrom division
and location levels, non-governmental organizatifd&OS) and radios while chemical companies onlyehdirect
contacts with the farmers growing typical cash srepch as coffee, tea and sugarcane. Only 20%edatimers have the

equipment recommended by the chemical companies.
Quantification of Pesticides Usage

Measured doses used on specific areas proved itothe same order of magnitude stated by the fagrdaring
the interviews (between 250 and 5000 g aj)h®oses ranging from 750 to 1500 mL a.ithaere also mentioned. The
total amount of the pesticides used on the 12 famaasured with a total area of 28 hectares wasy20'k0 g a.i ha).

Three of the twelve farmers were using recommenidses of 250 g a.i Hdby manufacturers
The Link between Pesticide Use and Environmental Piblems and Health

According to the farmers the most significant eominental effects of pesticides usage were, dedline
abundance of pollinating bees (40%) and butterflid8%), the disappearance of the red-billed oxpecke
(Buphagus erythrorthynchug20%) and other non-target insects dying (12%)emtor after spraying and wildlife
mortalities (10%). The birds disappeared when tnegnment subsidized a common facility for livegtae the 1980's.
Since then the birds have only been observed esfareas. Only 3% of the farmers had seen sigpsiséned birds so
the alternative that the birds moved to anotheitaafor other reasons, such as the lack of tiakd iasects parasites on

the animals cannot be excluded.

Pollination and bacteria in the soil are the mogtdrtant ecosystem services ranked by 58% of timeeia in the
Nyando basin. This indicated local ecological kredge. There is need for change to effective bt hegsmful farming

methods. Chlopyrifos, a systematic insecticide uasgdinst a wide range of pests such as thripsrpilldes and leaf
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miners was reported to be responsible for the Isighember (15 %) of symptoms of ill health in tiedy area followed
by fenitrothion ,0-Dimethyl O-(3-methyl-4-nitrophenyl) phosphorothioate) (10%phda diazinon ©Q,O-Diethyl

O- [4-methyl-6-(propan-2-yl)pyrimidin-2-yl] phosphathioate) (8%). Over 9% of the farmers had felafter exposure to
pesticides but could not attribute this to any #jmeone. That the use of a number of pesticidddofclane, heptachlor,
endrin, lindane, aldrin, dieldrin, DDT etc.) hashéanned or restricted in Kenya was known to 5&f ¥he farmers. The
remaining farmers had no information on the restns or bans while some have never heard of thesécides. Ten
percent of farmers in Londiani and Kipkelion arbase used unlabelled pesticides obtained from tietatives from the
neighbouring former Nakuru District. None of thenf@rs was aware of any obsolete or stockpiles efttAnned or

restricted pesticides in the River Nyando catchraeed.
DISCUSSIONS

The focus group discussions in Kedowa, Kimoson &idtbro irrigation channel areas, interviews and
observations in the same areas indicated thatchtittre and maize farming in Nyando catchment wascentrated
around Londiani and Kipkelion, Nandi Hill and Koaweas. More pesticides are used in horticulture thanaize farming,
because vegetables are prone to attack by peserardso the immediate household cash crops. tUsesticides in grain

storage is declining because new storage facgitied drum (capacity 100-1000 L) has been introduce

A drum is closed systems for storing grains in abseof oxygen and thereby creating an environmefrteindly
to pests. Livestock are generally valued more thgrcultural products in Kericho and Nandi Distsithan Nyando,

which explains the difference in attitude towardsticides use on livestock and agriculture respelgti{Table 2).

Change to other pest management methods is inthibyean “economic barrier” created by dependency on
pesticides since the farmers depend on cash frowes$taand are unwilling to try new techniques. Mdagmers have
knowledge about organic farming as alternative wthout this type of production is still very uncamn in this region
although there are signs of an increased demanarffanic products by customers. Most farmers alideg Nyando
drainage basin lack knowledge on safe use of p@sticenvironmental and health risks and alteragbiest management
methods. Even though many are concerned abouthhgsits and environmental problems, the majorityldaise more

pesticides if they had more money.

Pesticide usage depends on pests’ outbreaks amérfarpurchasing power. Out of the fourteen commasied
pesticides in the Nyando catchment area 14.3% lassified by World Health Organization (WHO 2002 kighly
hazardous, 50% moderately hazardous and 35.7%lgllggwardous (Table 4). Chlopyrifos, fenitrothiand diazinon are
moderately toxic (WHO, class IlI) and known choliteegase inhibitor. From interview results it is cléhat 44% of the
farmers in river Nyando catchment area are not evedirthe ban or restriction imposed on some pesicin Kenya
(PCPB, 2008), these pesticides can easily findr thvalys into the region from other districts suchNekuru where
obsolete stock piles have been reported (NES, 2006)

The interviews indicated a low awareness amongdesrabout risks and safe handling of pesticides,aahigh
level of injuries and chronic illness. The doseduaed the spraying intervals seldom correlate Wittse recommended by
the manufacturer. Many farmers miss safety inforomatand recommendations of dose on the contaimenrs fthe
manufacturers since they buy repacked chemicata fither farmers. The interview answers reflectedage “common
sense reasoning’ than the text on the containerpi8isafety equipment such as protective clothimijgloves, or a cloth

around the mouth is used when available.
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For the assessment of endpoint ecological hazksks,of pollinating insects and birds and biologmantrol of
tick parasites were chosen, because from the iet@rvesults, they were valued by the communitieseealogically
relevant for the agro-ecosystem assessed. Marheofdgetables, grains and fruits production in Mgacatchments area
are pollinated by bees and birds. These pollinaoesalso susceptible to pesticides used in theeamd they are valued as

important ecosystem services by the farmers.

The interviews with the farmers indicated that graaecosystems where organic farming is practicentem
arthropods are found in soil compared to areas evpesticides were being used. Also other benefingdcts such as
predatory insects were affected by pesticides, batlcticides and fungicides can have this effieifiing the predatory
insects and fungi. In spite of relatively low pegites dosages, detrimental effects on ecosystewicssrin the Nyando
catchments areas were reported by farmers. A degllees’ population was mentioned as one of tigathe effects. An
expansion of cultivated land, and thereby a losatfve habitat is another possible reason fordeeline of bees
population. Ricketts (2004) indicated that foremtisrounding agricultural fields enhance pollinagdativity. In Nyando,
surrounding bush land and forests are increasiogjiyg cleared to expand arable land to meet a ptipnlincrease. Since
bees produce honey, the population declines wesdyaaeasured in the amount of honey produced. Obleaeficial
insects, such as predatory insects, are not eagyautify, it is reasonable to assume that singfégcts have occurred or

can be expected.

Birds living in cultivated areas have decreasedstuttially since the 1980’s. It seemed likely ttrat pesticides
are responsible for the disappearance since itcisd in time when central facilities for livestockpping were
introduced. Few birds are excellent indicator speoif pesticide pollution. They are sensitive tetigéles, relatively easy
to spot and more vulnerable to environmental pioifuthan other vertebrates ((Tomil, 2008 major cause for this
decline was believed to be the depletion of fobe {hsects and weeds) they feed on due to pedsticisid. Birds can also
be affected directly by the pesticide poisonir{yghite et al., 1982) or even acute toxicity (Pimérega al, 1992).
The decline may have resulted either directly bisqing of the bird or indirectly by reducing theds’ food source.
If people without a specific interest in birds haveticed that the birds have disappeared, it islyikhat other less
conspicuous birds have also been affected by messicin future if River Nyando basin communitietopt biological
control as an alternative pest management, thels lwill have to be reintroduced to the area. Appnaxely 85-90% of
the pesticides amounts used in agriculture nevachrehe pests; much is carried away from agricaltfields by rain
run-off (advection) or wind drift, (Moses et al,43). Effects of the pesticides on non-target orgiasi can be direct or
indirect, long term or short term. An estimationrigks connected to pesticide use is difficult; sndactors complicate
determining the actual risk. As in this study, thare a number of pesticides interacting with eattier. Out of the

fourteen commonly used pesticides in the Nyandohoaént four are toxic to bees and five to bird(@a).

The agricultural activities in the River Nyando idaye basin, specifically the use of fertilizersl aesticides, are
among the major sources of pollution loads on teay@’s Lake Victoria (Peters and Meyback, 2000)c&iKenya has an
active and growing programme to help stakeholdeilsl iheir capacities to manage chemicals safelggN2006), the
general approach is to provide awareness, legalpatidy framework and training in key chemical sgfelements.
Pesticides use should not be the only pest managgmectice. Farmers should be encouraged to westdad of using
herbicides. Other important preventive strategies the release of pheromones, crop rotation, esgidhost-plants,

biological control and use of genetic modified avigans/crops (GMO/GMC).
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Integrated Pest Management (IPM) strategies appbnabination of these control tools can be desigonetbcal
pest problems. It has been successfully practiedabth perennial and annual crops in temperatetrapical conditions
for control of all pests, especially insects anagiuOerke and Dehne, 2004). According to intergenith the agricultural
sector government workers in the three distriotsutbe of pesticides will increase in future. Areasment of toxicity risks
of these pesticides in soil, water, aquatic faund #ora along River Nyando drainage basin will teported in a

subsequent paper.
CONCLUSIONS

This study documents a list of agro-chemicals wdedg the River Nyando drainage basin, their recended
rates of applications, environmental and humantheaipacts and toxicity to birds and bees. Mosthef pesticides used
in Nyando catchment area are organophosphate andnaderately hazardous, but some individual farnstits use
banned or restricted organochlorine pesticidesrélhee major pests’ problems in River Nyando catsand therefore
an active pest management programme is necessagctwe the harvest in the region. Most farmerdagrerant of the

safe use and handling of the pesticides, whichteegsusome injuries and chronic illnesses.

From the results of this study and other studieslaoted within Lake Victoria catchment area (Geteay al.,
2004; Abong’o, 2009), it would be important to moniand ascertain the residue levels of organogtaisg, banned or

restricted organochlorine pesticides in soil, andadic environment along the other drainage basihske Victoria.
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