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ABSTRACT 

A survey of the literature revealed that livestock 

production ran~s 5 ~ond to cereals, provides employment and 

helps in 11 v 

of W st rn K 

in 

h 

ov rty especially in the rural areas 

a nnmber of acaricides are available 

of wh · ol • 

con ol o 

grazing 

on 300EC "1.:3 the most commonly used for the 

ick-borne diseases such as East Coast Fever in 

c ttle in the area; that chronic or acute exposure 

t hese acaricides can have serious health effects on man; 

and that no comprehensive research had been carried out 

determine the fate and potential accumulation of these 

chemicals in cows' milk. 

A study was therefore conducted in which one hundred 

samples of cows' milk were collected from individual farms 

and several delivery centres in the districts of Bungoma 

and Trans Nzoia in Western Kenya at different periods of the 

year. The objective was to determine the fate and residual 

effect of chlorfenvinphos, the active ingradient in 

Steladone 300EC, as affected by season, butterfat content 

and method of acaricide application (wh ther by di pin or 

handspraying). 

Sampl s wer subj ct d to chlorf nvinphos n ly is by 

hi 5 ur liquid chrom 0 r phy nd combi 5 

hy - m c om ric t chni u ollowin h 

ui c on nd cl n-u 0 on . ul 

0 r co n } cl w in 

r v ly r Of n 

c 0 

.. I 1. 1 



gjkg in the samples collected during the wet season. Dipped 

cows gave milk which was significantly higher (P<0.05) in 

the acaricide 

chlorfenvin ho 

cont nt than hand-sprayed animals. The 

d 

dichloro o h non w 

r datjon 

detected 

product, 

cone n r tions ranging 

in only 12 % 

from 3 - 276 

2,4-

of the 

~ gjkg. 

ion o both the acaricide and it's metabolite 

w r o i iv ly correlated with the content of butterfat in 

h milk. 

Reference to the 1993 Codex Alimentarius showed that 

the acaricide residue 

recommended critical 

health risks arising 

concentrations all fell below 

level of 8 ~g/kg, suggesting 

from dietary exposure by the 

the 

that 

adult 

residents in the study area may not be serious. However, for 

infants, the danger may be significant since the accepted 

daily intake was exceeded by between 7 - 15 times. 

It is suggested that monitoring programes bJ initiated 

to generate data on pesticide residues on a regular basis. 

Educational programmes to sensitiz the farm-work rs and 

dip manan rs on the haz rds pos d by poor ac icid 

h ndlin nd c r less spillag s will b n dd d dv nt 

ur ing mo h rs should b ncour d wh n v r o ibl o 

br h ir youn o due xpo ur o ac ricid 

n k o cow's 1 



CHAPTER ONE 

I NTRODUCTION 

1.1 Ltv Lo~ 1 du tion Jn Kenya 

Liv 0 of particular importance in the farming 

c nomy o K ny .Almost all farmers own livestock of the 

va io p c s, and about 73% of the total land area of the 

country (4 2,000 kmZ)can only be exploited by some form of 

livestock husbandry and tourism. The livestock industry 

constitutes 7.7% of the Gross Domestic Product (GDP), and 

livestock products provide more than one third of the total 

foods available in the country. 

There are a total of 9,671,000 head of cattle in Kenya 

comprising crossbreeds, grade animals and the indigenous 

East African Zebu. Approximately 80% (1,200,000) of the 

grade milking cows are raised on small holdings of less than 

20 hectares(ha),while the rest , about 270,000 are found on 

large scale farms(> 20 ha),(ISNAR,1985). Th curr nt bred 

composition of the grade dairy he·d is approximately 27, 13, 

16 and 8% pure br ed Ayrshire, Fr si n, Gu rns y, nd 

J rs y, r ctiv ly.Th r maind r (3 %) a· eros br ds nd 

h s A ric n Z bu. 0 h r forms 0 liv s ock pro uction 

coun ·y includ c 1 I ul y, h p, 0 

n 0 1 s n p 

h ol 0 0 uc on n con y 

ny 0 or d, u 

ov 

n 



production among the farmers.Such include the production of 

sufficient animal foodstuffs to satisfy the nutritional 

needs of the rowing population, and animal products other 

than foods su o·t r source-based agro-industries; to 

a~ .. s st in h 1 vi ion of poverty by improving employment 

oppo · ·\.mi hrou hout the lJvestock industry; and to 

xpo · u · lu nimal products (in so far as this objective 

do s no conflict with that of domestic self sufficiency) in 

ord r to improve foreign exchange resources. 

\ rr.rrvr. 'TV n . 
·np'-. 11 ~ •• , 

1.2 The Dairy Industry 

Cow milk is an important dietary commodity in Kenya and 

it is therefore imperative that cattle are protected from 

parasites and other pests, for maximum production. Milk 

production is more profitable than beef production.In 1982, 

53% of all grade animals, and 27% (4,162,000) of the 

indigenous cows in Kenya were able to produce 1,566 million 

litres of milk, (ISNAR,1985) of which 70, 8 and 22% wer 

produced by small holders, larg farms and pastoralists, 

r sp ctiv ly. This production how v r d op d by ov r 30% by 

1992 in som r gions esp cially 0 C ntral nd Ri t 

v 1 y Provine . This dro w s t·ribu d to incr sin 

l"O uc ion co t , sp ci 1ly 0 dru s, ds n 1 c m nt 

0 din oc ' oor r r c 1 c 0 cr di 

c 1 0 1 ( ) . 
1 

0 



holders sold their milk, partly through the Kenya Co-

operative Creameries (KCC), partly through local co-

operatives and h r maind r directly to consumers. In some 

regions, s ci lly h parts of the Eastern 

h h b n a dramatic increase in milk provinc 

I r· du h 1 st 6 - 8 years. This was probably due to 

h in the n11mber of grade cattle for 

milking nd donor assistance through dairy development 

p·ograms.For instance, the objective of the Rural Milk 

Collection and Cooling Centres Program, partially funded by 

the Finnish Government, has been to improve the collection 

and processing of milk produced by small holders.Ongoing 

projects are currently 

districts. 

centred in Bungoma and Meru 

One majqr constraint affecting the livestock industry, 

however, is the prevalence of numerous tick-borne 

diseases, some of which are fatal to the animals.Typica1 

examples are East Coast Fever (ECF), anaplasmosis, 

babesiosis, redwater and 

cowdriosis (Tatclel,l983). 

heartwat r, th ileriasis and 

.3 T c s nd T ck-born Di 

ic r i h - 1 d c hn i P r si 5 h m y u 

8 v r 1 r n l o h i. 1 e ye w 11 

1 on 0 on o n . T y 

y y on 0 0 

n 

y 0 n 



when transmitted to livestock. 

The most common tick species in Kenya are Boophilus 

annulatus, B. decoloratus, Rhipicephalus appendiculatus, 

Aablyoa•a v ri 9 tua, R~ v rtsi evertsi, and B. •icrophus. 

Th 

th v y . 

w h 8. icr phu 

y u n W ~tern Kenya and most parts of 

(a) shows an animal heavily infested 

n one of the study farms. The ticks are 

m 'nly con entrated around the neck of the animal where 

neither the tongue nor tail can reach to interfere with the 

blood sucking. 

Plate (a) 

vy in station of tb 

r or 

0 

r 

r 

· ck B ophllus J c r (. p 1 us • on a 

T :1 r: v 

c 



brown ear tick, R. appendiculatus transmits T. 

parasites to cattle which then develop East Coast 

F~ver(ECF), and 1 1 untreated die within a few weeks. 

The chi f h i 

r s l n 

lp m tm o 

wl o 

h 

0. ·th 

c mat 

brown ear tick is the Savannah 

and vegetation give conditions 

urvival of the parasite (ILRAD, 1992). 

A rom di ase transmission, ticks can cause damage 

0 h · · hos in several other ways. They are voracious 

blood suckers:it is estimated that 1-3 ml of host blood is 

required to enable a female tick to complete its parasitic 

life cycle. Ticks damage hides by making puncture 

wounds.These wounds are frequently exacerbated by localized 

tissue reactions resulting in irritation to which the animal 

responds by licking, kicking and scratching. F1.·equently, 

the wound b comes septic. Ticks can also inject toxins via 

their saliva which in the case of some tick species can give 

rise to spectacular paralysis or produce sweating sickness 

(Harrison et al, 1973). 

• 4 Us of .Ac r .c d 5 n Control 0 T b r1 1) 

c ch mic 1 h OJ 0 mi 

h hi hly div r 1 1 d 1ny h 0 ods 0 h 

chni ord r Ac rin ' 0 w} ch 11 com on 

.T r c ic 0 y 0 yin c 

h c ic 0 n 

ov v 0 

0 



scarce, the rising costs of acaricides, the difficulty in 

maintaining dip and spray infra structures, the development 

of tick resistance to th acaricide, contamination of the 

environmen by c ioid . , occurence of acaricide residues 

in food~ h ffects of intensive tick control 

on n mio i ity or. tick-borne diseases. 

Th robl ms have stimulated research into new and 

nnov iv disease control methods. Increased knowledge of 

ick biology in some instances has allowed more effective 

timing of acaricide applications and also allowed a 

desirable reduction in their frequency and menace(ILRAD, 

1992). Organochlorine (OC) acaricides are largely outmoded 

because of residue occurence and persistence problems and 

the high resistance factors. The organophosphate (OP) 

acaricides are still effective though resistance to the 

compounds in some areas has developed recently. 

1.5 Statement of the problem 

The biggest drawback encountered in milk production 

that mostly 0 5 unnotic d is th issu of ticid 

r sidu s in milk. Th s ch mic ls us d in v riou orm 

in crop nd nim 1 produc·ion nd h n in d h·ou h 

r r d d con n d w or d m 1 y r 

h y rio e 1 8 0 0 h h 1 

n ou h 1 i i u ) 

0 v 1 0 1 

0 



p,p'DDT were the cause of still-birth,in both man and 

animals. 

Carcinogenici ·y in test mammals has been reported in 

Vc\rlOUS otudi 

r por.1~ d.K 1 j 

Jd·"n ( 7 r 

lou h s:i.mi lf!r wor.k: in man has yet to be 

(1 88), rortod high levels of p,p'DDT and 

18 timt.::s respectively,higher than the 

con~ n d limi ) in mothers milk sampled from various 

provinc s inK nya.In a related study,high levels of the OC 

insecticide, lindane (upto lppm) have been detected in 

samples of human milk procured from mothers attending 

clinics in Nairobi {Wandiga and Mutere,1988). 

The prolonged ingestion of even small amounts of some 

of these persistent chemicals through cow milk or other 

sources can unquestionably cause harm (Gunther, 1960). 

Infants and young children tend to receive a greater portion 

of their to al diet from a smaller number of foods (mainly 

milk) than do adults. Thi.s dietary r~stric ion can 

aggravate pesticide exposu·e to the subjects,pa1ticularly 

wh re such roduc s origin· e from a tr at d sou ·ce.Sinc 

children ar known to be uniqu ly sensitive to som fo ms o. 

toxicity, it is import nt to hav ccurat int l · d t or 

his g roup o ass ss th imp ct of p sticid r idu in 

h ir di 

Acu p ticid PO son n c 8 5 con inu o incr 

v y y H 3 !lion c 0 0 on n J 

22 • lly wo 1 wi o, 2 ill n 

c 0 c r u 1 0 

( 

( I 



acute poisoning, and a death toll of 700 in Kenya 

(KEMRI,1988 ).A~ least two cases of acute pestici ce poisoning 

are reported caily at the Kenyatta National Hospital,Nairobi 

(Waiyaki t 1,1988). D sp t all these, FAO calls for an 

annu 1 inc 0 3 p sticide imports and use upto the 

'0:.1 s chl v#m nt of "food for all" ?Olicy. 
y r 20 

A L D/ILCA collaborative study in the endemic 

r ion o astern, central and southern Africa estimated 

total losses due to East Coast Fever (ECF) in 1989 to be US$ 

168 million. Fig.l includes an estimated mortality of 1.1 

million ca~~ e ( ILRAD,l992) 

Fig.l 

Traction loss ' 3 

213061\1 

Treo ment ~sts 

8 1141Y. 

D - "h p .. 
onn 5 0 

s s r 

rv 

n 

0 c~o 

ic 

Beef losses 12% 
20607FM 

Research 8 Exters ton costs 4°/o 

65501M 

:Acaricide costs 20% (ILRAD,1 992 .) 

33008 S' M 

co.t_nu d nnual 0 about. 2. - ;nil lion u 

d 5 in wor d a ricultur {FI '1987), 

bou 35 0 11 0 - crops b or 

n p n"' 79) 0 n c s, 

s. rv 2 

c 

y 0 

oy 



all effort to control them. 

Due to these reasons, cow milk and agricultural food 

crops, which ar impor ant sources of pesticide intake by 

humans r uir ·o · mm tha·t would constantly monitor 

upw rd d vi t "·om th llmits recommended by the Codex 

Al m n t, }' u Commi ion of the Food and Agricultural 

Ot· niz ion (FAO) and WHO, 1'v3nce the purpose of this 

proj ct. 

1.6 Objectives of this study 

(a) To determine the content of chlorfenvinphos residues 

and one of its metabolites, 2,4-dichloroacetophenone in milk 

sampled from selected locations in Western Kenya. 

(b)To study the influence of the acaricide application 

techniques and butterfat content on the 

chlorfenvinphos. 

levels of residual 



CHAPTER TWO 

LITERATURE REVIEW 

2.1 Hi tor l v lo m nt and Use of Acaricides in Kenya 

Ac ic n Kenya for livestock production dates 

b ck rly 1920s when arsenicals such as arsenic 

trioxid were used for parasite control on sheep and cattle 

upto the late 1940s. Azobenzenes and other hydrazine 

compounds such as 2-methyl-4,6-dinitrophenol [1] and 

1,2,4-trichloro-5-[4-(chlorophenylthio] benzene [2],so were 

various sulfides, 

Cl 

[1) [2] 

sulfones and sulfonates wh1ch were introduced as purely 

contact acaricides.This had the advantages of long residual 

action, low phyt;otoxicity and lo mammalian toxicity.Th y 

w r mainly ... f ctive at th egg and ar~al 
.... rrom 

9 8, ulphi w d v~lo d a no.- y mic c r ci 

v 1 

y 0 r by 5 h lo 

c 0 c y. 

y 0 v 0 0 0 c 

c c 0 0 [ c 0 



acaricide manufactured. However, due to development of 

resistance by the parasi t .es in many ?ar-:.s of the world, more 

products were released into markets. 

OH 

Cl--©-f~CI 

[3] 

Chlorohydrocarbons like Dienochlcr [4] were produced as 

early as 1960,followed later by fl~orinated compounds like 

Lambrol and Nissol in 1965. Car·:amates like Mexacarbate 

Here also produced around the sa=e time and had useful 

ac~ivity against ticks on ca~~~e i~ addition to its 

~nsecticidal properties. Others ~~ ~his category that may 

still be found on the market inc_uc~ Methiocarb [5]. 

Cl Cl 

.., I Cl 

CH 3 -S C-CO-NH-CH 3 

Cl Cl 

Cl 

[ ] (5] 

Or not ... n compo n ~ ·-- ~=- - c ;.r coh y s nnan .... 

r ... v (Cy X n ocyc c:.-:l ) w ~oun 0 v 

prop r b c co on b n 

v 00 YC 

0 n n c r ov c 



activity, even against OP-resistan~ strains. An example 

currently in use in Kenya is Amitraz [6] (commonly called 

TriatixR), f i rst developed in 1973. 

CH3 

I 
N=CH-N-CH=N 

[6] 

This is effective against all stages of numerous phytophagus 

:nites as well as against ticks and some insects. 

Organochlorines which came into the market in the late 1960s 

were replaced by pyrethrins and la~er by the synthetics.In 

the mid 1970s, group I OPs were introduced, including 

compounds like Coumaphos [7] and Di oxathion [8). 

CH 3 

Cl 

0 

[7) (8] 

98 h ny n ry L bor ·or . t n ' 

r r c 5 0 c n 

n n 0 ro 0 co eun v 

r 0 0 0 c y I 

c 



2.2 The Organophosphate Acaricides:Structure and Activ ity 

Relationships 

Organopho~phat~s having insecticidal activity may be 

traced back o a basic structure that is defined by the 

gAt r 1 ·o ·mul : 

Rl (){ S ) 

~ ~ p 

/"-. 
R2 Acy l 

which predicts that a biologically active phosphate will be 

obtained when either sulphur or oxygen is directly bound to 

the pentavalent phosphorus.In the skeleton structure, Rl and 

R2 may be alkoxy, alkyl or amino residues, while 'acyl' 

represents the anion of an organic or inorganic acid 

(e.g.fluorine, cyanate, thiocyanate) or of other acidic 

residues such as enol and mercapto groups. Systemic 

phosphates of the following general structure have 

acaricidal activity: 

X 

" RO -P - Y -

J 

(O)n 

II 
CBz -CH2 -S-C2 Hs 

wh re R = C2Hs; X= S or 0; Y = 0 or S; n = 0 o 1. 

Th followin n r 1 struc ur how v d crib 

0 OPs to which d v lo m n 0 r is nc ow rd 

· th low. 

IJ 
J - I - z 

' 
r 0 n Z 

h roup 

i 1 

ny 



group. 

Figure 2 

in both v 

ives he structures of common OP acaricides used 

·in ry n crop production in Kenya. 

colo c l nd biochemical behaviours of the OP 

i larg ly det~rmined by their ester character, 

i in 1ish d by the following aspects. 

(a)Ease of chemical hydrolysis 

(b)Trans-esterification and/or phosphorylation 

(c)Dealkylation of triesters to diesters 

(d)Structural and toxic properties 

(e)Resistance phenomena 

Acaricidal phosphates must possess an electron withdrawing 

substituent bonded to the phosphorus. Such compounds are 

susceptible to nucleophilic attack at the phosphorus atom. 

As ote would expect, the enol phosphates are hydrolysed 

relatively rapidly in alkali ut have a half-life in acinic 

rn di , of about a tenth longe than hat of the trialkyl 

phos ha es. The c us o his is again prior ro ona ion, 

ich vour h o ma ion of h c onyl com ou1d 

co o ol (F n Schmidt, 1 83) (Fi .3). 

T bov h v n u in cc un 0 

d n ox ci y i h y 

v ,o 

v 



Fig. 2 Structures of common 0 P 
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2.w. Insecticidal ActivitY of Acaricides 

Pesticides are biologically 
active compounds that can 

p~oc ce a myriad of symptoms and effects depending on the 

s?eci:ic chemical, the affected organism, the dose-response 

re at:onshiP and the conditions under which the organism is 

ex?csed. Some compounds, such as OPs, produce acute effects 

be mutagenic, teratogenic or even 

ca~c~nogenic(Table 1). 

Table 1: Acute and Chronic Toxic Effects of P st'cides To 
Mammals (Fest & Scbmidt,1983) 

T qt .rqaa nuc1ty E.J lt cri pttt cidu 

loc1.t t cucity 
Olrcnic Cl city 
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hol n 
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xicity 

11 m ch nism of inhibition of 

JVJty by OP Ccricides have yet to 

.1 w 11 

1ng wi h 

of he 

s ablished that the OPs 

specific serine within 

nzym 0 produce o,o-

dl 1 ylpho phos rin (Kennedy, 1991). In this for-m, he 

enL me 1 s un ble to hydr-olyse chol1ne es ers. Ther- is 

dl.rec corr-ela 1on between th degre of OP-induced ChE 

inh1bition and the degr-ee of phosphorylat1on. W1th1n Ch 
' 

only the active site ser-ine is phosphor-yl ted by OP . Th s 

studies have been done using r-adl.olabelled compounds :p 

and ~H) (Kennedy,1991). 

Consider the oxon metaboll of the common OP p t c'd 

fen1tro ion, reac ing wi h act1v cen r r- n (9) 

(Fl.g.4). 

h phosphoryl d ChE [1 J n c lV bu n 
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It is possible that several pesticides applied together 

can cause more damage than expected from their cumulative 

effects. This is synergism, and is a condition typical and 

characteristic of OP For instance, the combination of 

parathion and m thy! p r~th1on is especially hazardous. 

R n l m nd Snyd (J991) have reported that certain OPs 

uch d1chlorvos cause a pesticide-induced delayed 

n uroto 1city (PION). Long and large diameter fibres in the 

ptn 1 cord and peripheral nervous system are particularly 

suscept~ble. Prolonged conditions result in muscle weakness 

that may progress to paralysis. The feet and legs are 

usually more severely affected than the hands and arms. 

Onset is usually 2-4 weeks after the acute exposure. Thus, 

although OPs are the most . widely used group of insecticides, 

the greatest health danger paused to field workers is acute 

poisoning. OPs are responsible tor the largest number of 

cases of acute systemic illness every year in California 

among field workers exposed to pesticide residues (Kenn dy, 

1991). Poisoning from these compounds is at ribu ed to h 

interference with the enzyme cholin s r E rly 

indications of poisoning includ 

flu-like ymptoms;and v1c im u u 

h ad ch , dlzzin nd 

normal blood chol1n st r 

2. R 

R 

r cord d, 

o c r1c d 

lly h v 

CChE) c ivi y. 

by v r o 
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1 od 

low r- h n-
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Fig. 4 Mechanism of ChE inhibition by an OP compound. 
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like dioxathion (commonly called Delnav) and coumaphos 

(Asuntol) have also been ~epo~ted to be ~esisted by va~ious 

ticks in Kenya. Fig.5 gives the meLhanism of ~esistance by 

ticks to acari c ide~. 

R C::l t n c l pr c:tical p~oblem in population 

g •n t'! C: . l mor1 I i k ~I y to dPvelop against pesticides 

with p c: i c: mod at ct1on and less likely against 

( •n r poi on with multiple targets and actl.ons in the 

p st ( oll rand Scheinpflug, 1987). The ~esistance p~oblem 

1s aggravated by reliance upon broad-spect~um pesticides, 

which when sprayed to control one problem pest, also apply 

selection pressure for resistance in other species that are 

present at levels not requiring concurrent control <Skurray 

et al, 1988). Resistance usually results from geneticMlly 

controlled biochemical or physiological changes from hP 

normal type that alters pesticides · pharmacokinetics and 

pharmacodynamics (Soderlund and Bloomquist, 1990). 

Stone (1977) listed five factors that my ingly or .n 

combination allow ticks to become resistant: 

(a) reduced penetration or uptak of th c h mi c 1 

(b) increased storage or xcr ion of unch ng d c:h mi c: 1 

(c) r due: d conv rsion of h c: h mi c: 1 ·o c: iv ox i c: n 

(d) inc:r d detoxic 10n o o x i c: nt nd 

r due: d n itlvi Y o h blO C c l y 0 h 

0 lC n . 
p rl n ) c 0 o r r nc n 1 or 0 y 
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Fig.5 Mechanism of resi~tance by ticks to acaricides 
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2. 4 CHLORFENVINPBOS 

· 2.4.1 General Properties 

Chlorf nvinpho 
is an amber coloured viscous liquid· 

fluid wi h i 
odour. This is an organophosphorus group 

II 
urr ntlY recommended for use by dairy 

i nya. It's IUPAC name is 0,0-diethyl 0-(1-(2,4-

dichlorophenyl)-2-chlorovinyl)phosphate ,and 
has the 

structure g iven in Fig.6. 

Fig.6 Structure of chlorfenvinphos 
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sold as an emulsifiable concentrate,STELADONE 

3@@E~containing 31ZJI21g /1 of chlorfenvinphos active 

ingradient.Over 98X of the dairy farmers in Rift Valley use 

it for tick cent ol. 

C::t 1 d o n 0 C 11 • been formulated for plunge dips, 

P y - r c h ndc1r • · i ng and t1anc1spray ~ng. It is safely 

u d on h p goa s, dogs, horses and donkeys, where it is 

tr 1 ctly appl i ed dermally. It is lethal to all ticks that 

have developed resistance to DC compounds or group I OPs 

like dioxathion and quintiophos. It is also a broad 

spectrum ectoparasiticide, controlling all stages of one and 

multi-host ticks (Drummond, 1960), screw worms ( 0 - 25%) • 

fl ;es (~ 5'/) and lice (0.25/.) . 
..._ OU • /o J 

It controls ectoparasites 

Bovicola boris and Haematopinus quadrJ.pertusLIS on cattle at 

0. 3-0. 7g/ 1. The acute oral toxicity (LD~0) for rats is in 

the range 9.7-39mgTC/kg, and greater than 12,000 mg/kg tor 

dogs. The acute inhalation period (LC 0) is 4hr for ra 

0.05mg/1 of air. Jt is rapidly and comple ely m t bol iz d 

in mammals; metabolites being elimi n d with i n f w d y 

(Pesticide Manual, 1991 ) • I n o h r countr1 lik Fr nc , 

the mater1.al is used s a r i d u 1 p r y (0.0 - .1/. . i . ) 

or th control of fl · s in d 1 r y b r n (F 0/WHO , 199 ) • 

2.4.2 ormul on 

h c l 10 r d n chlor n np 0 l 1n olu l n 

w r nd c nne d 0 p y 1 

c n onl n 0 n 

p c 0 d 

ol n 
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damage to tissues (Ghosh, 1989), methods have been developed 

to spread the active ingredient dissolved in a small volume 

of solvent over a large are . The medium of dispersion of 

this prep r tion , l)ut due to its immiscibility with 

th orJ"I''l c: u 1d, ~mulsJfytng agents are added to 

th olu · "on. Th• , g n t.s .1re ur face active, characterized 

by mol cul with both lipophilic and hydrophilic moieties 

on ~ther end. Their function ts to modify the properties 

of the interface between the dispersed and continuous phase. 

steladone 3eeEC is an emulsifiable concentrate which 

when diluted with water produces a very stale but well 

dispersed milky emulsion. The emulsion maintains the correct 

concentration of acaricide in the dip wash over a long 

period of time. Animals whose coats are thoroughly wetted 

Will have all ectoparasites killed. The available oily 

solvents facilitate adherence of the active ingredient onto 

the animal's coat hence giving it protection for an riod of 

3-5 days. Some of these solvents act as ticker to improv 

spray retention on surface. Scm r P n tr n ·a 

facili ate the penetration c ivi Y of th c iv ingr di n 

into the target organism. Th oily n ur o h olv n 

n bl penetra ion hrough h w xy cu i cl 0 lCk . 

Hum ct nt r dd d to d 1 y v por 1on 0 h 

c rri r. 5 bi)lZlOQ g n r 1ncorpor d 0 due 

PO l bl p dy d r d on 0 c r c d du 1n 0 



2.4.3. Methods of Application 

(a) Plunge dips: 

Plate (b) 

Initial filling is done by d~luting 

St 1 done J00£C at a rate of 1 litre of 

c ricide to 600 litres of water. 

Replenishing, is done 

litres of Steladone 

by 

300EC 

dilu-:ing 3 

intc 1000 

litres of water (1:333) to give a dip 

wash concentration of 0.05%. Pla~e (b) 

shows cattle fully immersed in a :;>lunge 

dip. 



(b)Spray race: !~itial filling contains chlorfenvinptos at a 

concentrati on of 0.05% but is bocsted to 

re~ain streng~~ after e very 100 ~ead of 

Plate (c) 

c ~ r sprayed. The boosting is 1one by 

in t0ml into the tank : 1 ml 

hlor nvinphos per head). Plate (c is an 

xample of the spray race mode. 



(c) Handspraying: Steladone 300EC is diluted at 1:600 (25 

ml in 15 litres of water) in a knapsac~ 

handsprayer. This conveniently sprays 3-

4 m ture cattle allowing enough 

s r ywash to ensure thorough wetting of 

the coat. Both brown ear and red legged 

ticks transmit ECF and are eliminated ~Y 

spraying the ears and tail base where 

they reside, respectively. 

Plate (d) local farmers handspraying an animal in a village 

(d) Randdress·n 2 1 0 s don 3 c dd d 

_tr o n d h w b or 

h 

n 

0 c 0 



The application frequency depends on the weather 

conditions and the parasite being controlled. On the animal, 

all organophosphat compound· are broken down by UV light of 

the sun and th r idll I pf ·t :.- t is a maximum 6 days. For 

h n · m 

w k. In c 

clur ln r 1ny 

d y in t rva 1. 

' r t 111 rr>iore treated at least once a 

wh r h~ e 15 an outbreak of high ECF,or 

on , tr8atment is twjce weekly on a 3; 413 

2.4.4 Metabolism of Chlorfenvinphos 

When organisms take up foreign compounds, they protect 

themselves by trying to convert them to innocuous substances 

which are then excreted. Animal 

compounds into polar, 

organisms convert foreign 

water soluble substances that are 

excreted as such or in the form of conJugates . Not a 1 1 

metabolic conversions are indeed detoxific ions. lh 

phosphates for instance are detoxified to in c: iv 

metabolites by hydrolysis. Som of th impl c:h mic 1 

reactions .lnvolved in hese conv r ion includ oxid .lon, 

r duction, isom riz ion, hydroly i d lkyl t1on, 

d gr d tion t th c: rboxyl group nd c:onJu ion. 



of detoxification in L' i L' 0 , This mechanism plays an 

important role in selectivity and resistance both in plant 

and animal organisms. Of the various biochemical mechanisms· 

studied, th oxi v 0- d alkylation has been proven in the 

v nphos (Fest and Schmidt, 1983). Reduced 
cas o chlo" 

nicotin m d nin dinucleotide phosphate (NADPH) and 

oxygen r required for the reaction, the end products being 

0-desethyl-chlorfenvinphos and acetaldehyde (Fig.7). 

Fig. 7. 

Cl 

In dairy animals, chlorfenvinphos undergoes metabolic 

degradation to yield various products(Fig.8 ) all detected in 

milk fat (Moye, 1986). 

2.4.5 Th rmal Stabil y 
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Fig. 8 Metabolites of chlorfenvinphos detected in milk 
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Whilst some of this loss could be attributed to 

volatilization, degradation is a very likely phenomenon. No 

. 
records exist on the effect of pasteurization on 

chlorf nvinphos r idu s in milk. 

2.5 - DIC f.OROACETOPBENONK : Structure and properties 

This compound [9) is one of the various degradation 

Products of chlorfenvinphos in vivo. The process takes 

Place biologically within the animal systems via mechanisms 

Yet to be documented. 

[9) 

It has a molecular weigh~ of 189.04 a nd a boiling point 

in the range 140-150°C. Its melting point s in th r nge 

33-34° C. It also has a r fr C"lV ind x v u 0 1.5635. 

It exists as clear n _d nd h s stron ' 0 n v 

sm 1 It is st bl or 0 5 0 r s ur nd 
. 

mp r nd dis olv s s y n OH, H x n 
' CH" Cl,. 

ur ' 

n 0 h r or n c so v n s. 

0 
y s i 0 h b nc v b n 

co on v oc n n. 



CHAPTER THREE 

INSTRUMENTAL ME'I HODS OF ANAl YSJS 

~ ol Gc 

t cl,niqu commonly used in the determination 

of p · i cid r idu both qualitatively and quantitatively. 

lh t chniqu involves the process of separating the 

components of a mixture by making use of their partition 

coefficients between a gaseous moving phase and a solid 

stationary phase. 

A compound in liquid or gaseous state is lnjected into 

a column packed with a suitable material impregnated with a 

stationary phase. The liquid is then pushed through the 

column using a moving gas such as nitrogen. Partlt1on of 

the compound into its various components takes place long 

the column. Each component is ionized by the fl m ( 1n the 

case of flame ionization detection) nd the curr n produc d 

subsequently lowers the standing fl m curr n . Th 5 h n 

amplified nd det cted s pe k. 

The FID was employ d b c us 0 i hi h n l. . iVl y. 

Wid r ng gr t r ll bi 11 y' 1mplic1 y Of con rue , on 
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3.2 High Pressure Liquid Chromatography (HPLC) 

The main components of a HPLC are a high press ure PLtmp, 

a column/injector system, and a detector. In addit~on ' 

component uch olvPnt rPsE?rvoirs, in line filters, 

pr 

m y 

tAr u r co dr r , 1ntPqrators and minor components 

qu.tr d. In HPLC the eluent from the solvent 

rvo'r .i filt r d, pressurized and pumped through the 

Column p eked with relevant organic material. A m1.xture of 

solutes injected at the top of the column is separated into 

components on travelling down the column and the individual 

solutes are monitored by the detector and recorded as peaks 

on a chart recorder. 

The two common detectors known are the Refractive Index 

(RI) detector and the ultra violet (UV) detector. The UV 

detector is preferred as it simply measures the change in 

UV absorption as the solute passes through a flow c ll a. a 

fixed wavelength. The column, usually a metal or gla s tub 

is packed with high molecular weight org nic m i l lik 

the C-18s, to give high-effici ncy s p r ing column . 

Columns may be run isocr tic lly {with fix d lu n 

composi ion) or in th gr di n lu 'on mod in which h 

mobil ph 

GC, qu 

p 

qu 

1 0 

nd rd • 

T f 

composition v ri 
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Pt 
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and peak tailing problems in adsorption (normal phase) 

chromatography. The remedy here lies in resolving the 

compounds using a non-pnl~r stationary phase in conjunction 

with a pol r mob 1 p pf1c. like methanol/water mixture 

(Mny ,1986). Tl'l pol r mel cules now have little affinity 

fCJr h hydrophollic upport and are eluted relatively 

quickly by th aqueous mob~le phase, hence most polar 

mol cules are eluted first. Examples of column packings of 

type include Permaphase ODS, Spherisorb DDS and 

~Bondapak C18 (Pryde and Gilbert,1985). 

3.3 Mass Spectrometry 

Liquid samples are volatilized under vacuum in a heated 

reservoir (about l~g), and the vapour is leak d into the 

ionization chamber. To facilitate volatilization, especi lly 

of samples with high boiling points, heating of h 

reservoir is necessary. Solid samples are in roduc d in o 

the ionization chamber on he tip of n ins r ion prob . 

The sample is bombarded with h1.gh n rgy (70 V) 

s ream of electrons from h ion sourc . Th 

by h molecules promo ion1z 10n by lo 

from bonding nd non-bondin 0 bl l . Th 

r OV o on c: ron ro Orl 

c: 1 1 d mol c-ui r or p r n on . So 0 

pl 10 0 1 1 r (d on nd 

0 
n 

0 

d 

PO 

n rgy b orb d 

0 1 c: ron 

on 0 

ol cul 

o 1 c:u 1 r 

d by 

,.. 

n 



the ionization chamber. An acceleration plate with a 

Positive potential of 2fZHZHZJ v is used to accelerate the 

positive ions down the tube into the magnetic field. The 

tons are d fl ct d l1 th m gnf?t .i c: field depending on their 

ma /ch r (m/ ) r t I 0, l'he ion beam is thuc:; split into 

c:nnq I) n ion b m of diftP-rent m/e ratios. Each ion beam 

itl tu n i m d to pass through a ollector slit and 

tmping on a collector plate. Each ion acquires an electron 

from the plate. A flow of current is produced in the 

collector circuit, amplified and recorded as a function of 

the m/e ratio. The size of each peak js a measur of the 

relative number of ions 1n each beam. 

Combined gas chromatography/mass spectrometry (GC-MS), 

is a method of choice for analysis of organic mixtures. The 

ability to separate a complex mixture of organic compound 

and identify the individual components, or to look for 

d · complex mixture are 
specific compoun 1n a 

he two prim ry 

applications of GC-MS. The requirements for the u o GC-MS 

are that the mixture be amenable for n lysi by GC, nd 

that the compounds or th 1r d riv tiv s mu b VOl il 

bu not thermally labile. 

M spec:trom try h s b n mploy d for h d c 1on 

nd confirm ion of v rlOU 0 nd o 
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CHAPTER FOUR 

MATERIALS AND METHODS 

4.1 sruDv AR A 

lh mpl n1 '1t s covered an area which lies between 

•, 9 Vlfll- 6 12Hll ov ~ sea level , comprising two districts: 

Bungom nd 

temperatures 

Trans-Nzo.i a in Western Kenya (Fig. 9) . 

vary between 9.5oC-30.6°C and mean 

Annual 

annual 

rainfall values fall in the range 900 to 1200 mm. The only 

KCC factory in the area is located at Kitale.There are 

various other small coolers and processing units operative 

in a number of Co-operative society premises and large scale 

farms.Trans Nzoia has 407 cattle dips, 154 of which are 

privately owned. The rest are communal, half of which are 

found in Saboti division. Bungoma has 186 cattle dips while 

Kanduyi division has the highest number. 60% of the dipp1ng 

facilities are underutilized due to poor maintanance of the 

infra-structure and lack of extra income by the farmers to 

pay for dipping fees. In Bungoma, the major1ty Zebu cattle 

kept by farmers are resistant to most tick-borne diseases 

hence see no need to dip them, and in most cases the anim ls 

kept re of low economic value in terms of milk product1on 

( NOP,l994). T bl 2 giv s h d 1ry c tle di ribu ion 1n 

h r . Th r gion i ch r c r1z d by 1 rg numb r of 

comm rei 1 d iry f rm own d by indiVldU rm r , 

ov rnm n 1n 1 u nd A r1cul ur 1 0 v lop m n 

Corpor on. 
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The main mode of acaricide application is the plunge 

dip and is typ1cally the method of choice on the large scale 

farms. 

I hi rlJLtrJbu ion in Bungoma and Trans 

N Ul Rung m 

(lr tJ 1 4 79 3rzJ,rzJ(l)rzJ 

ln n 24,000 3rzJrzJ,rzJ0rzJ 

T 1 128,795 330,rzJrzJrzJ 
Source: KNDP,1994 

In about 98'l. of the farms visited during the study, 

majority of the farmers indica ed use Steladone 300EC 

(Ciba), while a few apply Triat~x (Amitraz). Ciba sold 

20,000 litres of Steladone 300EC in 1994 in the reglon 

above, which represen lrzl'l. of the total amount sold 

countrywide {Table A7). 

The above study are w s there ore cho en or 3 m n 

r asons: 

( i ) Tr n Nzoi nd Bungom r mong r n 

ny th t record high CF nnu lly du 0 h 

pr v nc 0 R. pp nd cui tu nd A. r g tum 

p Cl (Fl. . ) . T ll.V oc oc n n 

1 0 eng n 0 n 1 0 0 

coun r . 
p n n 

u n 
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(iii) Local milk consumption in the area is high since 

most of the milk, about 6~%, is sold locally for direct, 

domestic c n ump i n (Shapiro and Staal, 1992). This 

h r r m 

h 

4 •• N 

mpor- n t to establish the level of 

JUJ\Il, tion to common acaricides from 

u It y n lysis. 

AM 

MJ.lk collection centres and a variety of 
farms with 

livestock activity were selected such that they represented 

the whole study area.Small scale farmers who frequently 

spray their 

institutional 

animals were considered,so were a number of 

and state-managed farms. Milk from various 

cows was combined and thoroughly mixed to homogeneity before 

measuring out a sufficient sample (about 3~~ml) for 

laboratory analysis.At collectJ.on cen res, various samples 

were ta en, each from a separ e mJ.lk1ng con in r chos n 

randomly from he d lJ.V ry set.Each mple w or d ln 

cl an, s eriliz d, nd prop rly 1 b 1 1 d pl s lC bo h 

bo le w r 1 d wi h p r fl.lm 0 VOJ.d PO 1 p 1 1 

nd con on dur1ng r n por ion n cool ox. 

s mp w r d p- 0 n 0 ·c Whl1 n n 1y l. 

s don dur n bo h y (0 -M r nd 

( p 1-Au u on 0 1 9 /9 . 



4.3. LABORATORY MATERIALS AND REAGENTS 

4. 3.1. Gl ~w 

A 1 1 gl w r ( 1n1 ludtng the borosilicate vials and 

y ina w 0 1 n det.t~rgent, wa s hed thoroughly and 

cf I d "'C in 11 ov n. They were all rinsed first with 

pur c: on nd l11~n with n-hexane to remove traces of 

cant mination before use. 

4.3.2. Solvents and Reagents 

The following reagents were used in the extraction and 

chromatographic screening. 

(i) n-Hexane, acetone and dichloromethane were doubly 

distilled on a glass column and purity checked using gas 

chromatography (GC) with flame ionization detection (FID). 

(.1.- 1-) Acetonitrile and methanol were of h . h 1g pressure 

liquid chromatography (HPLC) grade . 

(iii) Acetonitrile saturated wi h n - h xane(ASH) wa s 

prepared by adding equal volumes of hexane nd acetonitrile 

to a 500ml separatory funn 1 and shaking for abou 2 

minutes. The mixtur was th n 1 t ·o nd for h wo 

1 y r 0 par t . Th low r 1 y r w in d or u 

Wh ppl.lC bl d ' . l 1 d d 
. 

d (iv) r n w (DlW) 

w u d hroughou . 

(v) u ulph nd lo l l w r d 

o rn ·c ln n 0 "· n cool d nd 0 

1 

( v ) u l 



was placed in a beaker and pre-treated sodium sulphate added 

to saturation. Fresh solutions were prepared each working 

day and stored in seal d bottles before use. 

(vii) Ill. 1M lm• ph. te Buffer (pH=6.1lJ) :This was made by 

di olvint . 6 of KH~Po~ in 100ml of water to make 0.1M 

Oll.l n. Al1quo ot it were added to about 20 ml of 0.1M 

N OH Wl h ·irriny in a sterile beaker, until a pH of 6.0 

w re ched. The solution was kept in a dark place under 

refrigeration,for a week's use. 

(viii) Glass wool (fibre glass): A reasonable size of 

glass wool was stuffed in a Soxhlet extractor and enough n

hexane added to the reservoir. The reservo~r was heated 

under reflux for 4 hr after which the glasswool was removed, 

dried and stored in a dessicator before use. 

4.3.3 Standards 

Chlorfenvinphos: 

An aliquot(7.4~1) of a chlorfenvinphos s andard of 

99.51. purity nd d nsity 1.36lg/l w s 

velum tric fl sk using H mil ·on syring 

m r wi h dichlorom h n . Th1s prov1d d 

0 1 ppm. 

2,4-d 

c 

0 0 

opt n 

h 

n 

: 

ll n co o nd 

dded into 

nd mad 

oc 

d 

1 Q.Hllm 1 

0 th 

olu ·1on 

l v d in 



were kept in the dark under refrigeration as they are 

susceptible to degradation under UV light. 

4. • 4 An Jytu.l In• t.rumPnt=> 

( l ) G Cl'\rom .. tography: A Perkin-Elmer Model 8 5!ZHZl 
f 1 , d w1. h F I 0 was used i or chroma tog raphi c measurements. 

A VWR Sc.:ientific pH meter was used for 

determ1.nation of pH. 

(iii) A Beckmann Model 334 Gradient Liquid 
Chromatograph, equipped with a Hitachi 100-40 UV Detector, 

and Spherisorb ODS and ~Bondapak C~e columns was used for 

all HPLC measurements. 

(iv) A GC-Mass Spectrometer Model VG 12-250 fitted with 

a capillary Ultra 1 column was used. 

4.4. SAMPLE TREATMENT 

4.4.1 Butter Oi 1 Ex ra t1.on 

The procedure r port d by McLeod nd Ri c y ( 1973) ' w 

used,wi h som modi ic tion l.n c r in p 

ilk (10 g) w r n 1 rr d qu n i lV ly in 0 

w r1.n Comm rc1. bl nd r. 9 ml 0 c on nd ml of pur 

n-h w r h n dd d nd h ur bl nd d or h 

0 lV lu ry wh1ct w h n n rr 

n 0 1 c n u l nd w 

d 

1 oll 0 r' nd h 

n 1 0 lu 



cent~ifuged fo~ 5 minutes at 2000 ~.p.m.(IEC Clinical 

Cent~ifuge, CAT 801). The yellow hexane phase containing 

but.te~fat w 

IJ i p t t . 'ig 0 

h k n n1 1 

d ·n d into 250ml beake~ using a teat-

od l um u 1 pl1a te was added and the mix tu~e 

o t nd fo~ ten minutes. The contents 

w r 11 r d (Wh tman No.1) and the solvent evapo~ated 

u 1ng rot ry vaporato~(Achelis & Sons, Germany). The 01 1 

w then transferred qualitatively to a p~e-weighed vial 

using a minimum (lml portions) of dichloromethane. The 

dichloromethane was then evaporated on a waterbath set at 

40oc. The weight of the dry butter-oll residue was recorded. 

4.4.2 Partitioning 

The butter-oil obtained above was dissolved in 10ml of 

hexane and contents t~ansfe~~ed quantitatively to a 125ml 

sepa~ato~y funnel using two 10ml- po~tions of hexane. The 

solution was then extracted by vigo~ously shaking with four 

Sml-po~tions of ASH. To the ac tonit~ile ph se was dd d 5ml 

of dichloromethane and 5ml of phospha buff r follow d by 

50ml o1 h xan · The mix ur w s h k n vigorou ly for 1 

minut be for dding 10 ml of w nd 1 ml of ur d 

OdlUm ulph . Th mixtur w h n g 1n or 2 minu 

nd h y ,... llow d 0 p ,... Tt (low r) 

on1 r1l /w dl c d d, nd h pt 

d c i h 10n 0 n1 

,... d rou 0. 1 nd 

n 

n n 1 1 



to about 10ml using a ~ota~y evapo~ato~. 

4.4.3 

A 1 nlum11 mL"asu~ing 30cm long by 22mm 

pr viously ~inse with acetone and n-

h x n w nd a bud of glasswool was stuffed at the 

con rtc ion. A slur~y of Flo~isil was p~epa~ed by sti~~ing 

a mixture of 9g of Flo~isil 

The slu~~Y was then added 

and 40ml of hexane in a beake~. 

to the column to a height of 

about 10cm. To this Flo~isil bed was added sodium sulphate 

to a height of lcm. 

The butte~ oil ext~act (section 4.4.2) dissolved in 

hexane was t~ansfe~red to the column quantitatively with 

two 5ml po~tions of hexane,taking p~ecautions to allow the 

hexane laye~ to t~ave~se the sodium sulphate bed befo~e 

addition of the next hexane portion. The column was then 

eluted with 25ml of hexane followed by anothe~ 501. hexane in 

dichloromethane. The final eluant w s 25ml of pu~e 

dichlo~omethane. The luent po~ ions w r combin d and 

solvents evaporat d using rot ry v po~ tor. Th ldu 

ml of w fin lly r nsf rr d o or g Vl 1 u ing 

dichlorom h n • All tr c w r or d ln r rig ~ to~ 

i ing chrom o r phic n ly i 



4.5.0 HPLC ANALYSIS 

4.5.1. The Mobil Ph< ~ 

Prelimin ry w i tl) various concentrations 

m th nnl nd c ani t t :i 1 in water established that 

qu >u m g v e ·ffective separation 

of 

71Zl'%. 

of 

c:hlo f n ·npho ks from those of the metabolite 2, 4-

dichloro cetoph none within a short time (15 min). A further 

advantage of this solvent system was the elimination of 

interferences due to non-polar substances.Prior degassing of 

the mobile phase with o~-free N2 improved column efficiency. 

4.5.2. Recovery Tests 

One ml aliquots of standard chlorfenvinphos and the 

metabolite 2,4-dichloroacetophenone in the concentration 

range IZI.IZIIZI3-IZI.IZI5ppm and 7.5-liZIIZippm, respectively,were added 

to weighed amounts of a milk sample taken from the same 

source. The spiked samples were blended and extracted in 

accordance with the sample procedure described previously. 

The clean butter oil extr c s obtain d w r analy d by HP C 

nd the amounts of ch added s nd rd c lcul d o ch c 

th ffec of mpl m rix, cl n up proc: dur nd h 

r c ion p on h r cov ry. 

4. •- pl () h A y 

u r c dl olv d 1n l 0 

nol uo n r c 

d n 1 or 

o ro nd 1 



compounds calculated. 

4.5.4. Confirm to y nn lysis 

A f w of th mi 1 k tnJ1) ~s that showed residues of 

chlo f nvinpho nd 2, 4 - rJ i c l1l oroacetophenone were further 

uh1 c d o comp r iv n lysis using GC-MS detection so 

t 1 conf m th-ir id~ntity and presenc~ by the various 

cha ct ri tic ion species. This is the most 

confirmatory procedure (Stan,1992) 

convincing 

in pesticide residue 

analysis in food and environment. The approach adopted here 

was that reported by Gilbert et al,(1987). 

4.6 OPERATING CONDITIONS 

4.6.1 HPLC 

The following conditions were established tor sample 

analysis by high pressure liquid chromatography. 

Mobile phase: 
Co 1 umn ( RP ) : 
Wavelength: 
Flow rate: 
Chart speed: 
Temperature: 
Loop : 

70'l. methanol: 30'l. water 
~Bondapak C.Le 
UV 254 nm 
2 ml/min. 
1 em/min. 
ambient 
fixed at 20 ~1 

4.6.2 GC-MS (VG-12-2 0) 

Column: C p1ll ry Ultr 1 ( 0m) 

C rri r G H lium 
Run Tim 52 minut s 
Pro r mm 

l 2 

4 

2 
2 

I! 



CHAPTER FIVE 

RESULTS 

The 0 t · m11m on i i •:ms (section 4. 6) gave satisfactory 

r solu ion •h n r covery ~nd calibration data were assessed 

both h arici e and its metabolite. Good linear 

rela ionships were obtained between peak heights d an . 

concentr.~ti )ns or amounts of compound added; slope, 

intercept and r2 were 0.444, 0.00039 and 0.9908 for 

chlorfenv~nphos and 18.544, 9.598 and 0.9928 for 2,4-

dichloroacetophenone (Figs.A.l and A. 3). A typical 

chromatogra~ is shown in Fig. 11. 

Fig. 11 

E 
u 

-.c ..,. 
• .c .. 
a .. 

0.. 

A typical chromatogram showing separation between 
the peaks of chlorfenvinphos and 2 , 4 -
dichloroacetophenone 

2 4 Dichloroacetophenone 
1 

Chlor en 1inphos 



I 

dichloroacetophenon w dded to selected milk sample 

aliquot (100g) whi~h h,d pr1 viously been analysed and the 

r;:on t •n t n r ir:lu n c1 rn 1 t ~ tm 1 i t L 

n 1 y 1 w c r d ou 

recorded. Extraction and 

twough thP entire procedure under 

.im 1 1 r condi ion. Percent recovery was calculated from the 

differ nc between the original sample concentration and the 

net spiked (sample + standard) concentration. The mean 

percentage recovery data are shown in Table 3. 

Table 3 Recoveries of chlorfenv~nphos and 

dichloroacetophenone from spiked cow milk. 2,4-

CHLORFENVINPHOS 2,4-DICHLOROACETOPHENONE 

-lrmoun~ "d&.c;( i. Recovered Amount Added i. Recovered 

~ 
c._.g> 

l.fll 89.0 l.Ql 92.4 

fll.9 94.7 0.9 94.6 

fll.8 93.2 fll.8 lfllfll.3 

fll.7 90.2 Ill.? lll.l 

0.5 95.9 fll.6 93.4 

0.2 93.2 0.4 86.4 

0.1 93.3 0. 93.2 

0.075 106.6 0. 7 87.9 

Sl. ll rly, ood lln r 1 10n hlp w 0 d n n 

0 h c lo • 1n rc p nd 
nd 

or C' lo nv n nd nd 

0 -d to n 
na 

, . 

-

-



( 

5. 2 Batch Analysi R .. ul ts 

Tables A.l-A iv s l,) I ann.lysls results for all the 

100 smu l d for chlor.fenv-inphos and 2,4-

dichlo 0 c t can bt observed from these data 

tha IJ th d ·y on, no metf.lbolite was detected a.t all, 

whil ill h r season iny only five cases tested Poaitive 

to i t. . 

5.3 I NFLUENCE OF WEATHER- CHANGE ON FAT CONTENT 

Analysis results for samples collected from selected 

centres in both seasons are presented in Table 4. 

Table 4 

C£ITRE 

Sang'alo lnst. 

lBDA 

FTC 

Kitlnda 

zo 1 Stbflt 

0 :voei fira 

Banu Fua 

~~ hra ! 

rALs 

Variation of mi lkfat cont ent ( %) with seasonal 

change 

DRY SEASIIIS IIET SEASON 

lltlft(Q) lltdiu RJn .. 111111 f:t Sl l tltdhn Rintl 

3.93 (8.26) 3.86 3.S9·4. 31 3.47 (8.61) 3.5 2.83-4.86 

4.29 (8.86) 4.<12 2.69-S.3S 3.95 (8.97) 4.34 2.51-4.6 

6.16 (1,27) 6.71 3.88-6.79 5.32 !1.871 S.46 4.28-6.17 

5.93 (1.841 5.79 5.42-6.72 3.31 ce.:~m 2.93 2.72-3.97 

3.7 U.l7l 4.19 2.44-4.74 3.68 (1.31 3.68 2.76-4.61 

4.21 - - - 3.89 (8.871 3.89 3.37-4.41 

3.99 - - - 3.24 - - -
2. ,61 (1.91 - 1.98-3.64 2.15 Cl. 31 2.15 2.13-2.17 

4.34 (1.181 4.19 
1 

I. ~-6. 79 3.63 (1. 71 

CSD• St~ndard Dtvht.iOtlJ 

3~! 2.13- .17 

or n 1 1 1 

n n 

n u 



5. 4 EFFECT OF' SRA ONAL CHANGE ON CHLO.Rh"'ENVINPHOS RESIDUES 

IN Mll.K 

Tabl s 5 Jl iv' data on the residues of 

chl o t'f rwin n mil k am led durina the two sea 
o sons. 

'rnb nv' nphos .r<,sidues ( ~ g/kg) in milk from 

d strict. 

emil£ lET SllSOI DRY SEASON 

fleill (iSJ} fttdiu flran ( :SDl lied ian 

Stng'•lo Inst. 2.88 (1.331 2.7 !.46 (0.951 1.17 

LBDA 4.53 - - 1.28 (1.1!7) 1.28 

FTC 2.79 (8,14) 2.79 1.18 (0. 12J 1.16 

Kitinda Centre 3.62 <8.74l 3.92 1. 84 (0. 66) 1. 84 

Ndalu Centre 6. 75 !!. 76) 7.88 2.18 (1.44J 2.18 

Khakula Far• 6.83 (4.58) 6.83 1.44 - -

Okwoai far• 5.14 (3.49) 5.14 N.D. - -

Barasa Fara N.D. - N.D. -
Kituyi Far• 2.14 - - 3.9 - -
Okonya Fara 2.45 (1.131 2.45 - -

H.D,2 Not detecttd 

Table 6 Chlorfenvinphos residues ( ~ g/kg) in milk from 
Trans Nzoia district. 

IDTIE lET SEAD S£A!D 
liNt 
J .32 

2.28 -
2.26 (1.61) 2.26 

2.79 - I. ( • 211 1.3 
3.27 -

-

n w on 

u 

( 

) L 



~g/kg milkfat for 1993. Oth rwise the quantities remained 

5 1 ight~Jy b low .h · Ct mm nd d limit (on l-:t.vr~re;\ge) during the 

rainy o on ll 

5.5 VARIATION 0 
GONTENl' 

x · m ly low durlng the dry season. 

CHLORFENVINPHOS RESIDUES WI'I'B MILKFAT 

Table 7 gives the data on chlorfenvinphos residues and 

milkfat content for the wet season. 

Table 7 % milkfat and mean levels of chlorfenvinphos 

(~gfkg) residues in wet season samples . 
CEITR£ •• of fteJn I Cblorfenvi~pbos Residues 

Suplts lilkht 
ltein { jl) tltdiln Ringe 

Khakula Fara 2 5.13 6.83(4.58) 6.83 2.79-9.27 

Okwoai Far• 2 4.86 5.14!3.491 5.14 2.67-7.6& 

LBDA 4 4.6& 4.53 - - -

Cherangani Cen. 3 4.83 3.861&.941 3.86 3.32-4.41 

-~zoi a Scheu 2 3.69 3.H18.3l 3.tl 2.79-3.21 

Sang· al o In st. 4 3.69 2.8918.331 2.71 2.66-3.29 

FTC 4 3.!9 2. 7911.141 2.79 2.69-2.89 

0 onya Fira 2 2.91 2.4511.131 2.45 1.65-3.25 

_!i tuyi Fara 2 2.15 2.94 - - -
1 

m-.s 25 3.71 3.64(f.8lJ 4.81 1.65-9.27 

lo 0 h il con n vs con on 0 

ct lor nv n 08 1 u v · on • rr 1 io 

c ci n 0 1 1 . ) 1 n 

on h n 

n ) 



Fig . 12 Relationship between % milkfat and chlorfenvinphos 
concentr t.i on in \ole t sea~Jon. 
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(Regression con s t a nts : r 2=0.822 , slop =0.607, y 

inter cept=1.5) 

By contr ast, th re was bsolutely no r lationship b tw n 

th ac ricid r sidu and milkfat cont n· or 

coll c d durin h dry on (r=- .98). T bl 8 iv 3 h 

d 0 in d. 



Table 8 % milkfa nd me m l e ve l s o.f chlo.rfenvinphos 

(f.l /k ) r . idu · in dry soason samples . 

- ---. 

CENTJIE . of fir l Chlorfenvinphos Residues 

S1tpiH • iiU1t 
lltanftSDl lledbn Range 

FTC s 6. ee 1. 18(8.121 1.16 1. 85-l. 33 

Khakuh Fir• I 3. 75 1.44 - -

Ok11o1i Firl 1 4.2t N.D. - -

LBDA 6 4.82 1. 28(1.07) 1.28 8.52-2.84 

Cherangani Cen . s 4.13 1. 97 I I. 21 I 1.32 1.22-3.36 

N2oia Schue s 2.44 2.20 - - -

Sang ' al o In st. 6 3.89 1.4618.95) 1.17 0.69-1.17 

Kituy1 Fare 3 3.64 3.90 - - -
TOTfts 32 ••• 1.68(1.91) 1.8 1.52-3.36 

5 . 6 INFLUENCE OF APPLICATION 
CBLORFENVINPBOS RESIDUE LEVELS 

TECHNIQUE ON 'I' HE 

Samples were analysed from centres which observed 

str ict maintenance of dipping infrastructur , cone ntration 

of active ingredient (a.i.) in the dip solution and 

frequency of tr atmen in bo h distric s. T bl 

d pict th results ob ained . 

9 and 10 



Table 9 Mean (:t: 
residu s i. 

Standard Deviation} chlorfenvinpbos 
~ mples obtained from dipped cows. 

CElTRE Ol.IWEWJIIPillS RESI_DUES <' g/kgl 

MET &aS(II DRY SEASON ,, .. , ""hll Rangt titan "edian R&nge 

Sang· al o lnst. 2.88 lt.lll 2.7 2.66- 3.29 1.46 (0. 95) 1.17 0. 69- 1.17 

LBDA ~.53 - - - 1. 28 ( 1. 07) 1.28 0.52- 2.04 

FTC 2.i9 (1.14) 2.79 2.69- 2.89 1.18 10.12) 1.16 1. 05- 1. 33 

ADC F•r• 3.27 - - - - - -
Sikhendu Centre 11.41 18.831 11.37 9.78- 10.96 - - -

Ndalu Centre 6.75 11.76) 7. 18 5.86- 7.3 2.14 ( 1. 44) 2.96 1.12- 3.16 

Bikeke Centre 4.61 13.11) 3.19 2.67- 8.17 - - -
Kit i nda Centre 3. 57 (9. 741 3.92 2.97- 3.98 1. 84 II. 66l 1.84 1.37- 2.31 

Cherangani Cen. 3.86 11 .84) 3.86 3.22- 4.41 1. 97 ( 1. 21) 1. 32 1. 22- 3. 36 

T~h 11 ~u (i Studil'd Deviation) thlorfHrinphos rrsidues in suplrs obtainrd froa 
ban6pr 1yed c~ 

OI.ORfDYIINJS RESIDUES (' 9/kgl 
C£lliE MET S£ASOM DRY SEAS!* 

lieu Jtediu Rinte tltu ttediill Rinp 

llubu Far• L85 - - - 2.26 11.611 2.26 1.83- 2.69 

Khakuh F•r• 6.83 14.~81 6.13 2.79- 9.27 1.44 - - -
0 IIOii flrl 5.14 13.491 .14 2.69- 7.60 M.D. - -
r.i tuyi Fu• 2.e• - - - 3.CJe - - -
Kihan Fu• 2.79 - - - 1.3 10.211 1.3 l.IS- 1.45 

Okonya fara 2.45 11.131 I 2.45 1.68- 3.25 - - -
Buua Far I N.D. .. 

. . - 0 c 

n r lly l i h · 

low 

r t t ly w 



levels were significant ( =3 . 695) at both 5% and 1% levels 

for the we and d·y n 
' r spectively. Generally, no 

notab1 n w v b tw en residues due to both 

dippln n . y n duri.n~ the dry season (t::0.114; 

P<0. 05). 

5.7 RESIDUES OF 2,4-DICHLOROACETOPHENONE IN MILK 

Analysis of 2,4-dichloroacetophenone residues,the 

breakdown product of chlorfenvinphos, showed no detectable 
levels in samples collected during the dry season (Table Al -
A4). By contrast, the wet season samples were found to have 
detectable residues of 2,4-dichloroacetophenone, but there 

was no relationship between residues of 2,4 -

dichloroacetophenone and the milkfat content (Table 11). 

Table 11 
Residues of 2,4-dichloroacetophenone compared with those of chlorfenvinphos .in som w t season 
sampl s. 

1 lltilkht 

5.1 

£llarfBYln,hos 
I /ktl 



5 . 9 CONFIBMATORY ANALYSIS 

The GC-HS r f · nc 

and 2,4-dichloro c 

mon i t,o t' in. n d 

p ctro for both chlorfenvinphos 

and suitable ions chosen for 

in Figs. 13-16. Monitoring ions 

w r cho n u h h they were of. optimum mass and in high 

bundf.n 

specific! y. 

chievement of good analytical sensitivity and 

For chlorfenvinphos, the ions selected for monitoring 

were m/e 81, 109, 276, 295 and 323 

dichloroacetophenone, the ions selected 

while for 2,4-

for analytical 

monitoring were m/e 43, 145 and 173. The results indicated 
that only technical grade chlorfenvinphos was present and 

not any of the isomeric forms. The base peak for this grade 
is typicallY 267 while that for the cis- and trans- isomers 

is 29 (Fig.A.l0). 

The capillary GC retention times of the two compounds 

(35.46 for chlorfenvinphos and 24.35 for 2,4-

dich1oroacetophenone) a reed with thos of their standards 
to within 0.2-1%, on th basis of th p oven performanc of 

th quipm n . At 1 a t thr individu 1 1 c d ions in 

i h r compound h d coincid n 1 maxim (Fi A. 7- 9). Tl 

r 1 iv bun nc 5 0 cho n ion luc u 0 i bin 1 % 

0 v lu 5 ob n 0 h 8 n hie 5 i h 

cr or co r ion 0 0 in Th . 
IU 

( r l' n n 0 h 

0. 
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CHAPTER SIX 

DISCUSSION 

6.1 Var1atlon of t ntont with season 

As f lr rn lk p1·oduct.l.on ls concerned, a sAa"'on · -' ;;) 1.5 

influ nc d y number of separ.ate factors which include 

temperatnre, hours of sunshine, day length, and rainfall 

amount and distribution throughout the year. These factors 

are largely responsible for variations in livestock 

production especially in tropical countries (Rai, 1985). 

Data obtained in this project have established that the fat 

content of milk was higher in samples collected during the 

dry season than during the wet period (Table.7 and 8). 

In the dry season, the total yield of milk tends to 

decrease, accompanied by a parallel decrease in solids-not

fat (snf) content mostly ashes, whereas lipid content 

increases (Table A8) · In the wet s ason howeve.r, thert.;: was a 

tendency for both the snf and fat content to d cr ase 

i·resp c ive of milk yi ld. This d cr as can b a t·ibut d 

0 actors dep nding on th 1 v 1 of nutrition (W bb t 

l,l987) nd anim 1 sp cis dif r nc s (Mu n i,1969). Th 

0 0 t m r ur uc u tions 1 o impo t nt: wh n 

Ul" all ou sid h n 0 1 -32° c' con n 

n ro Bt t uru c !ncr !5 !5 y hil 

c 0 n con d c on n 

y n 1 0 0 1 n 

) . 



main effects: stage of lactation and seasonal variation in 
availability (Musan ill969). During drought there is a 
tendency by th 1 ct n n"m 1 to be heavily dehydrated, 

leading to hi h cone nt1· tion of total solids in the milk. 

In th w o:JOI how v r, water- loss is minimal and the 
milk yi ld is hi h r. The high quality feeding maintained on 
some of ·the farms: like the Lake Basin Development Authority 
( t;BDA), Kenya-Finland Rural Dairy Project and the Bungoma 
Farmers Training Centre, is depicted by the high fat content 
found in milk samples collected from these centres. The 
thick-yellow butterfat obtained during the extraction stage 

of these particular samples signified high levels of 
carotenoids attributed to roughage-rich feeds. 

6.2 
Influence of fat content and the effect of acaricide application method on chlorfenvinphos residuo levels 

Farmers treat their animals with acaricide, usually 
minutes af er the milkin process in the mor ' f th n~ngs o e 

d signated days. This is don in plung dips or by 

handsprayin in th hom s. Animals r t d by ith r 

chniq h v b n r or d o produc milt } t con in 

c ric d 0 v ryin d r s 0 con min ion (Ch mb rl in 

n Bo n , 1 2). 

0 0 ly ri OS h 11 ids n 

c 0 ol 8 y 1 

0 c 

r l 



some acaricide may be ingest d or absorbed directly through 

the derma1 pores h r by nding up in the circulatory 

system. Studien u in iol b l.l d 3 2P-chlorfenv:lnphos have 

indicated th h moun of radioactive material in the 

blood re ch m ximum build-up 2 hours after treatment, 

which indicat s r pid absorption of the acaricide and its 

products through the skin of cattle. Chlorfenvinphos like 

other lipophilic drugs and pesticides, binds itself very 

strongly to complex 

facilitates migration to 

plasma proteins. This binding 

other parts of the body (Beynon et 

al, 1973). Like most organophosphates,the characteristic low 

polarity of chlorfenvinphos enables it to traverse into the 

lipid phase of the milk system. This phase movement is 

facilitated by the physiological pH(5.8-6.4) which is 

conducive for in vivo metabolic processes of the pesticides 

within the udder environment. 

The Codex Alimentarius Commission of the FAO/WHO has 

set limits as to what quantities are allowable. Accordin to 

the l993 pesticide report (Table A9) the acceptable daily 

intake (ADI) for chlor nvinphos is 2 ~ /k of body w 1 ht, 

whil i s r comm nd d Maximum R idu Limit (HRL) is 8 

~ /k 0 milk in milk nd milk roducts rom c . 1 

sh p nd 0 5 . Only h Sikh ndu r in Tr n Nzoi 

. cor d 1 v ls hi h · h n 

col c u ·o 

n 

h 1 

1 1 

h HRL v lu 

n 

r u nc 

1 

in 11 

1 

ud 

In 



and milk products are expr s d on a whole product basis.For 

a milk product wi h 

applied ..,bon d h 

with f t 01 n 

0 . w n X 

con nt less than 2%, the MRL 

ci . h .. d for milk while those 

?% should be 25 times the MRL 

s d on a fat basis (Codex 

Alim n r 

milk consum 

3). On th basis of these guidelines, the 

in the study area at that time was generally 

safe for human consumption except in the few centre~;; where 

levels were higher than the stipulated MRL value~3 . 

During the hot dry period there's good evidence that 

some of the volatile organic solvents present as formulation 

additives evaporate easily, rendering the active ingradient 

(a.i.) unstable and exposed to air and ultra violet (UV) 

light.The uv light is known to initiate a photochemical 

reaction that isomerizes some of the trans-isomer to the 

unstable and less reactive cis-chlorfenvinphos (Beynon t 

al,l973). Some a.i. will be lost via wind-assisted 

vapourization. D spit the r pid d rm 1 absor ion nd 

liminat'on pot nti 1 of this compoun y c 1 

(Chamb rl in nd Ho kin ,1 62) ui w 1 

hi A i h v il 0 d m 1 in in 

ic s du n y u 0 

y 
0 

y 



leading to the low levels ound in th dry season. As far as 

the amount of h o ··t nvi npho .. s i · lk .. n m1 i.s 

concerned, t,h hn :i que ha.!:l no si.gnif icant~ 

eff ct durin h 

An'm 1 n m 1 rm v .it d graze and stay in 

t,h o n . 1 ll times including the rainy weather, 

which is su lly characterized by dull, cloudy days. These 

conditions promote prolonged retension of the acaricide on 

the animal's skin.The retension is also favoured by the 

properties possessed by the stickers, penetrants,humectants 

and stabilizers which are formulation additives. Rain water 

is known to add to the wetting of the animal coat. Due to 

its high boiling point and lipophorbic nature (relative to 

th i and formulation additives) it tends to e a .. provid n 

extra layer over the acaricide, hence maximum dermal 

absorption is expected. However, elimination of the 

acaricide or i 5 m tabolit s has b n shown 0 r id om 

th low concentrations found in th urin and f c on 

w k f r r m nt (Chamb rl in n Hopk'ns, 19 2). T 

ob v ion pos bly xpl in w y ob il n 

proj c w r n r lly hi h · in h n d y 

0 c iv 0 . T h 
' 

l 

1 

0 



the process are not the only possible factors lectding to 

higher residue .... Th o d n n mud noted in most of the 

public plung 1 lly :in Bungoma, remain on the 

animal's co n m d rm 1 entry of the acaricide 

retaln d wi h n Di ct drip-off onto the udder then 

tats du·in h milkin process is yet another possible 

route through which contamination occurs during the wet 

season. Spraying is carefully done in most of the cases 

leading to negligible ingestion via possible inhalation of 

the vapours. Dipped animals therefore tend to maintain 

higher residue quantities than the hand-sprayed ones in this 

season. 

6.3 Residue patterns of 2,4-dichloroacetophenone and 
relationship with that of ch orfenvinphos 

"ts 

The metabolic fate of chlorfenvinphos in mammals has 

b n extensively investigated by various work r who 11 

su gest ha the mos probabl d toxific on r c ion in 

m mmal is h hyl ion o chlo nvin hos [1) 0 h 

di 5 r, d hyl chlor nv n ho [2) ( . 17) . 

h s c m o 5 0 only r d dly 1 0 

r 0 i 

c 0 [ 1 

0 



Fig.17 Formation of 2,4-dichloroacetophenone in mammals 
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Fig. 18 Mechanism of t he enzyme- catalysed oxidation 

process 

RCH2 0 
[H20] 

ox 

+ RCHO + He 

Shell ( 969 a ) r epor ted that only ·.-~ith feed 

chlo r fenvinphos 
e vels of 50 ppm can res:dues reach 

detectab e evels (0.02mg/kg) in whole milk. Th degradation 

produc s o ch or nvinphos (Fig. 8) were a so c_t cted in 

cow inj c d n r u c rl :.· wi h .58 

c -en or nv n 0 p bo ~· \o: . .2% -
o n c n 75 
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chlorfenvinphos incre 5 Th v- 1·ious favourable 

conditions mention d in ~tion in the rainy 

season lead o mo nv nd con.:sequently 2,4-

dichloro c o h n m animal system. Given 

that on y 1 m co 1 cted tested positive to 

h m bol no be a definite conclusion and 

furth r inv 5 i ion are n cessary. 

6.4 Risk assessment 

The risk a given population is exposed to is determined 

from the correlation of the experimental values to the MRLs 

and ADis, for a given period. The residue levels found in 

this project were on average lower than the residual limi 5 

s by he Codex Alimentarius (19 3). The ADI for infan 5 

(under 4 months of ag ) is worked ou on h basis h th y 

consume n av rag 120g (0.12 k )o milk d y 

(WHO/UNEP/ILO, 987). Th sidu 1 lim i h ..... n d min 

0 pr s on: 

I ta /k) 0. 2 

v 0 c 0 v n ho .2 t& I Th 1 v 0 

0 

y 7 

I 



6.5 Current and futu .nv st t. ·on 

A new thr at 0 ny n l 1 d of pesticide use 

comes in th w I..Ut'O an Union Council 

direct v or m (MHLs) o'f pe3ticides in 

gricul c, 93). 'l'hes directives put 

gr m ny 0 ny foodstuff that is 

expo· 0 h 0 an rnark ... t, for any unacceptable 

con cent a ions 0 s icide residues. New stategies are 

th . fore manda o y especially in the area of education and 

training of all parties involved, on pesticide handling, 

safe-us and proper maintenance of equipment. Kenya for 

instance, exports large quantities of butter to parts of 

Europe and once such residues are detected, the product may 

be rejected leading to loss of foreign exchange as well 

markets. 

s 

Th Kenya A ricultural Research Instit t (KARl) has 

r c n ly launch d a s icid sidu 1 v 1 t s ing acili y 

or h ho icul u 1 xpor rn k . A imi r on i y 0 

b 1 nc b hi hly co m nd d 0 i ·y p 0 uc 

h c 0 ly s oi 0 ion by 

0 ci 1 1 

0 
0 1 n 

y 



average of 78 g per day mor 

week period (D 

demonst1at d 

greut r liv w 

th n n 

c 

h 

t 1 

n 

nim 1 0 

) . 
d animals over a 30 

It has also been 

U3 considerably 

Cf tible Boran cattle 

the same breed (De 

c ro, 1 n ion La or~tory for Research on 

Anim 1 

a"med 

prot c 

( L D) i currently conducting rese·rch 

velo in saf and efficient vaccines that will 

a tle against ECF. In the Uasin Gishu district of 

Rift v lley Province, and the Kaloleni division at the 

Coas , preliminary results indicate that immunization is h 

most cost-effective tick-borne disease control me hod and 

has an additional advantage of reducing present acalicide 

application by up to 75%. In both areas, greater economic 

r urns will accrue from immunizing rade rather than Zebu 

c ttl (ILRAD, 1993). 

Biot chnolo y h s c ntly romi d new iolo ic 1 

con ols o r plac p ic d s, w h h ho h m hod 

h roor n ill iv c 0 Y r u 

w 11 1 d 0 i 0 0 uch i u 

w 1 co n d c y 

0 
87 ). H v 

0 u 

( 1 



6.6 Conclusion 

(i) Residues of chlorfenvinphos h v been found in milk at 

levels generally betow ·h omm nd d limit. 

(ii) Littl 

dlchloroac toih non 

entire st.LldY 

for this metaboli 

n 

Stl. 

1 ibl of 2,4-

d t~cted in the milk during the 

sting a fast excretion possibility 

from the animals' physiological system. 

(iii) The wet season has been found to be quite 

significant in the study of the various parameters affecting 

chlorfenvinphos residues in milkfat. The concentrations of 

these residues are generally higher than those for the dry 

season regardless of all other factors. 

(iv) Chlorfenvinpbos residue levels increase with an 

increase in butterfat content in milk during the wet season. 

(v) Dipping animals during the wet season results in milk 

with higher chlorfenvinphos residue levels. By con·trast, 

milk from handsprayed cows contained lower levels of th 

acaricide. 

(vi) Butterfat content is higher in 

th w t p riod. 

(vii) Cow milk roduc d durin 

th dry s ason than in 

his p riod s saf for 

co sump ion to 

in n 

h dul popul ion, but risky or h 



6.7 Recommendations 

In view of the find in s in th · s st,udy, it is imperative 

that relevant 

organizati.on.: 

to ration llz 

steps. 

nd h 

h 

ov Ol'f-81)3 1 non-governmental 

icid indus t.r.y c:rt l:;).rge endeavour 

i u ion through some of the following 

(a) Monitoring of all tick-infested areas in Kenya (Fig.10) 

for residues of chlorfenvinphos and all its other 

metabolites should be initiated. 

(b) The Veterinary Department should investigate why there 

was persistently higher levels than the recommended limit in 

all samples collected in the wet season in the Sikhendu 

area. 

(c) The management of the public plunge dips, especially 

those in Bungoma district should be improved to reduce the 

mud and dung content. 

(d) The identification of the health effects of long term 

exposure of chlorfenvinphos in the eneral population is 

difficult but extremely important. Every effort should be 

mad to p rform epidemiological studi s to lucidat this 

robl m, includin id ntific ion of milk consum rs rom 

r 5 ound 0 h v high cone n r ions of chlorf nvinpho 

r sidu s. 

( ) R v n r inin n in .orm tion on ticid ty 

l oul iv n 0 v 0 cl 0 oc y , 

( ) ur n r co r 0 ly 

v 

)' r 0 



infants. Thermal decomposition of cl1lorfenvinphos has been 

found to be negligible at t mp r Ul' s upto 130° C. 



REFERENCES 

BEYNON, K. I., HUTSON, D. H. , nd WRIGHT, A.N. (1973) 

Degradation studi. o chlo· nvinihO!,.), Rcoidue Rev. 47, 58-

71. 

BROWN, T.M. and PAYNE, G.T. (1988) Experimental selection 

for insecticide resistance, J. Econ. Entomol. 81, 49-56. 

CHAMBERLAIN, W.F. and HOPKINS, D.E. (1962) J. Econ. Entomol . 

55, No.(2), 86-88. 

CODEX ALIMENTARIUS (1993) Pesticide Residues In Food, 

Supplement 1 to Vol. 2, 2nd Edition, Joint FAOIWHO Food 

standards Programme, CODEX ALIMENTARIUS COMMISSION. 

DeCASTRO, J.J. (1987) Effects of tick infestation on Boran 

(Bos indicus) cattle with differin previous exposure to 

icks. In: SUTHERST, R. W. (Ed.) Ticks and tick-borne 

dis ases. ACIAR Proc dings 17~ pp118, AustraJJa , 

ACIAR. 

D CASTRO, J.J., YOU . s. ' D FIEL I . D. , CU NINGHAM 
' 

H. n DOL . T. ( 1 8:>) ,/1 0 ic in 5 ·ion . on 

or n ( 0 u ) c n 1 tio in 

n n c 0 y I • I : 27 - 286. 



4072 for control of ticks affecting ljvestock, J. Econ. 

Entomol. 53, 1125. 

EEC ( 1993) l~u t·op n U 1ion ounci.l Dlrective on Maximum 

Residue 

Edition. 

Lltn" t.. G un D'roctlve 93/58/EEC, June 29 

FAO/WHO (1990) Paper No. 103/1; Part 1-Residues 

(Evaluation), Pesticide Residues in Food. 

FEST, C. and SCHMIDT, K.J. (1983) Organophosphorus 

Insecticides. In: BUCHEL, K.H.(Ed.) Chemistry of Pesticides 
' 

J(hn Wiley & Sons, Inc. 49-51. 

GHOSH, M.R. (1989) Concepts of Insect Control, Wiley Eastern 

Ltd. 

GILBERT, J., STARTIN, J.R. and CREWS, C (1987) Confimation 

nd quantification of pesticid r sidu 
8 

sp ctrom try, P stic. Sc". 18~ 273-290. 

y mass 

GUNTHER, •.A. (19 0) R sidu An lysi . ln:METCALF,R.L.(Ed.) 

A v nc s in P Con· ol R s reb, Vol.v 

"t'or 1 

I. . , . H. U T 1 7 ) 

0 0 n 

l 



HELSEL, z.R. (1987) Pesticide use in world agriculture, In: 

STOUT, B.A. (Ed.) Ener Y in Wo·ld Agriculture, Vol.2, 

Elsevier, New York, p 79-19 . 

ILRAD (1992) ILRAD 1 Annu l R ... port of the International 

Laboratory for R , ·oh on Animal Deseases. 

ILRAD (1993) Annual Scientific Report of the International 

Laboratory for Research on Animal 

Deseases,Nairobi:International 

Animal Deseases, 1994, PP 101. 

Laboratory for Research on 

ISNAR (1985) International Service for National Agricultural 

Research. Kenya Agricultural Research Strategy and Plan. 

Vo1.2: Priorities and Programs. The Hague, Netherlands. 

KANJA, L.W. (1988) Organochlorine pesticides in Kenyan 

Mothers' milk: Levels and Sources, PhD Thesis, University 

of Nairobi. 

KEMRl (1988) Morbidity stimat s of occupation 1 

illn 5 s nd injury in K ny Hum n nd Economic co t 

R port to th JnJ try of H Jth. 

DY, ( 1) In: I u. ( d.) olin . . 

I h 1 n I c c 0 -11 1 nd h 

nv n I , J r CJ rc (J . . v. Cl J J J r; 

r'J J v l • 



KNDP (1994) Kenya National Development Plan 1994-96 Office 

of the Vice-President and Ministry of Planning and National 

Development. 

KQl,LER, W. nd CHEIN FLUG, H. (1987) Fungal resistance to 

sterol biosynth sis inhibitors: 

desease, 71.1066-1074. 

A new challenge plant 

MOYE H.A. (1986) Analysis of pesticide residues, Chemical 
' 

analysis Vol. 58, Uiley Interscience. 

MBUGGUSS, M · (1994) Why pesticides must be handled 

carefully, Daily Nation, September 28 Edition. 

McLEOD, H.A. and RITCEY, W.R. (1973) (Eds.) Analytical 

methods for pesticide residues in foods. 

N tion 1 He lth and Uelfare. 

i'1in1stry of 

MUSANGI,R.S. (1969) Dairy Husbandry in East Africa, Long an, 

K ny , PP 69. 

NRC (Nation 1 R s rch Council) (1987) A ricultur 1 

Bio cbnolo y: i s or n ion 1 com i iv n s, 

U sh1ngt n DC, 22 pp. 

• TI ID L ( 1 1) . T 1 i h ·o 0 c 

Co n 

7 



PIMENTEL, D. and PIMENTEL, M. (1979) Food, Energy and 

Society, Edward Arnold Ltd, London,165pp. 

PtMENTB.:L, D. nd LEV TAN, I~. (1986) Pesticides: amounts 

app.l. ied ~md moun chin P a s, B ioscie.nce. 36, 86-91. 

PIMENTEL, D. (1987) Down on the Farm: genetic engineering 

meets technology. Technol. Rev. 90, 24-30. 

PIMENTEL I D. I 

LANDERS, J. C., 

(1989) Benefits 

HUNTER,M.S., LaGRO, J.A., 

MERVIS, F.T., McCARTHY, C.A. 

and risks of genetic 

agriculture, Bioscience 39, 606-614. 

EFROYMSON I R. A. ' 

and BOYD, A.E. 

engineering in 

PRYDE, A. and GILBERT, M.T. (1979) Applications of High 

Performance Liquid Chromatography, Chapman & Hall Ltd. 

RAI, M.M. (1985) Dairy Chemistry and Animal Nutrition, 3rd 

Ed. Ush -RaJ ru r-K ly ni Publish rs. pp 67. 

RENGAM, S. and SNYDER, K. (1991) Pro 11 s for c i .on: The 

p tic d H nd oo . Int rna ion 1 Ot niz tion of Consum r 

Un on ( 0 U) nd P tic d Ac ion N twor (PAN); 3rd Ed. 

RIPL y I • D. ( 1 8 ) . A T. ' • h ... 

. c. r 1 01 I, ( ) c 1 on 

0 1 



blood, placenta and umbilical-cord blood from still-born and 

live-born cases. J.Toxicol. nd Environ.Hlth. 11:71- 79 . 

SHAPIRO, B.I. nd STAAL . J. ( l 992) The effects of recent 

price lib r 1 z 

study uslng th 

Report, pp 3 - 4. 

on on K nyan peri-urban dairy: A case 

policy analysis matrix approach; ILCA 

SHELL RESEARCH LTD (1969a) The residues of chlorfenvinphos 

and 2,4-dichloroacetophenone in milk of cows after spraying 

with chlorfenvinphos, Unpubl.rep.TLGR 0052.69. 

SHELL RESEARCH LTD (1969b) Excretion of metabolites of 

chlorfenvinphos (Supona) in the milk of a cow treated with 

the insecticide. Unpubl.rep.TLTR 0009.69. 

SKURRAY, R.A., ROUCH, D.A., LYON, B.R., GILLESPIE, M.T., 

TENNENT, J.H., BYRNE, M.E., MISSEROTI, L.J. and MAY, J .W. 

( lS88) Multiresistant Staphylococcus au reus: genet~ics and 

volution of pidemic Austr lian strains. 

J.Ant microb.Chemother.21 ~(supp .c) 19-39. 

SODERLUND, D.M. nd BLOO UIST, J.R. (1990) Mol l 

ch n 50 ins c icid ia nc In: OUSH, R.T. n 

H I . . ( . ) c 1 nc n A hro o 8, ' 
Ch p• 11 Y r L d n. 

( H. 
7 



Principals and Applications of Gas Chromatography in Food 

Analysis, Ellis HorNood Ltd. 

STELADONE Dip M n m n M nu 1, Ciba-Geigy, Kenya-Swiss 

Chemical Comp ny. 

STONE, B.F. (1977) The genetics of resistance by ticks to 

acaricides, Aust.Vet.J. 48, 345-350. 

TATCHELL, R. (1983) Management of Ticks. In: YOUDE, 0. and 

SERVICE, M.W. (Eds.) Pest and vector management in the 

tropics, Longman Group Ltd, pp304-315. 

WAIYAKI, J.N., OKELLO, J., ORAGO, F. (1988) Pesticides in 

Kenya. Paper presented at IOCU conference. Consumer in 

Africa: Meeting the challenge, Nairobi, Kenya, 14-18th June. 

WANDIGA, S.O. and MUTERE, A. (1988) Determination 0 t -BHC 

(lindane) in breast milk of K nyan worn n, 

Bu .Chem.Soc.Ethiop.~2 (1), 39-44. 

BB, B. H., JOHNSON, A.H. nd ALFORD, J.A. (1987) 

nd m n 1 0 iry ch is·ry, 2nd Edition, Th AVJ 

Publi hJng Coap ny Inc. USA. 

0/U I LO ( 1 ) 1 n or ic n i 

d n, 



APPENDIX 
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Fig . A2 Recovery graph for chlorfenvinphos from spiked milk samples. 
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Fig.A3 Calibration curve for 2,4- Dichloroacetophenone 
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APPENDIX 2 

iu.A s HPLC chromatogram showing, ( o I Separation b tw n poaks of ch/orfenvlnp/
1
os 

and 2,4- dichloroacetophenone standards. 
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Fig. A6 HPLC chromatogra for three arbitrary sample extracts. 
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APPENDIX 3 

Fig. A 7a G C chromatogram for milk extract fortified with 0.005 ppm of both 
chlorfenvinphos (SO) and 2,4-dichloroacetophenone ( 2,4-D) 

wo -

80 -
- 60 .c: 
0'1 

-
Q) 

.c: 
40 f-

.lll: 
0 
Q) 

a. 20 ~ 

0 A N. LA 
13.02 i8.03 

2,4-D 

1 A 

23.03 
(Time min.) 

so 

~ .1111.._,.:. AJ. 

28.03 33.03 

Fig. A 7b Electron ionization spectrum for chlorfenvinphos in sample above 

Q) 

0 c 
0 
"0 
c 
:J 
.0 
<X: 

m/e 

)\, 
38.04 

iQ.A7c Electron ionization pectrum for 2,4-dithloroacet phenone in sample above . 

173 

I 



Fig.A8a GC chromatogram for milk extract showing peaks of chlorfe~•vinphos {SD) 

and 2,4- dichloroacetophenone (2,4- D) 
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Fig. A9a Actual GC Chromatogram for milk extract showing the peak of 

2, 4- dichloroacetophenone in a sample 
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on c ro for chlo rfenvinphos standards 
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Tt>le A2 General data from dry season milk samples from 

Trans Nzoia district. 

SANPLE ftEAN "ILK NEAl FAT 
CODE IIEI&HT llJBHT 

(CJI) (QI) 

KTL01D 114.2 4.' 6 

KTLB2D 106.2 

KTL03D 103.9 

KTL84D 113.8 

KTL0~D 184.1 

KTLI6D 115.7 

KTL07D 186.4 

KTLBSD 98.3 

KTL89D 18o.i 

t<TLUD 

KTL110 te6.8 

KTL12D 118.3 

KTL13D 182.2 

KTL14D 114.1 

KTUSD 115.2 

KTL16D 112.5 

KTL17D Ill. 6 

TllSD 113.8 

KTU9D 112.3 

TL2 D 1 2. 

TL21D l I. 

· T 220 I 3.1 

Tl23 1 • 

T 24 I .1 

1 • 

4.87 

2.5 

2.54 

3.59 

3.78 

2.24 

1.34 

3.61 

3.79 

3.78 

3.55 

3.84 

4.21 

4.57 

4.43 

3.76 

3.37 

4.74 

5. 7 

2.2 

2. 

' 1 

1 ILXFAT 091CAL RESIDUES l PJ!kg tiltfat> 

4.19 

4. 4 

4.69 

2.44 

2.44 

3.41 

3.55 

2.28 

I. 26 

3.38 

3.49 

3.62 

3.41 

2.89 

3.73 

4.19 

4.27 

3.69 

3 •. 28 

4. 

.7 

2. 

!. 

3. 

• 27. 

Chlorfenvinphos 2,4-Dichloroacetophenone 

n 
D 

·o 

2.2 

ND 

NO 

1.12 

ND 

3.16 

MD 

ND 

ND 

2.69 

1.83 

1. 32 

1. 22 

3.36 

ND 

1.45 

1.15 

l . 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

ND 

HD 

ND 

ND 

HD 

HD 

D 

hD 

ND 

D 

0 

D 

0 



Table A3 General data r m wet season milk samples from 

Bungoma district 

SMft.£ COlE liM NJU liM FAT 1 ILKFAT CHENICAL RESIDUES tpg/tg tilkfat) 

MEIBHTtgaJ J&lfH9t) 
chlorflntlnphDJ 2,4-Dichloroacttophenone 

BSMBIW 118.8 4, 3. 7 NO ND 

BGH02N 99.6 3.4 .41 3.98 NO 

BSH83N 99.7 3.12 3.13 3.92 ND 

BBH04N 111.9 2.7 2.72 2.97 NO 

BBHI~N 112.4 2.12 2.17 3.25 NO 

B6H86W 96.5 2. 7 2.13 2.84 ND 

BSPIB7W 111.6 1.815 2.17 NO ND 

BGHBBN 111.1 3.79 3.74 1.65 ND 

BSHI9N 96.6 3.91 4.86 3.29 NO 

BGf111N 113.6 2.93 2.83 NO ND 

BSHIIN 112.8 4.13 3.92 2.7 ND 

B61U2N 118.6 3.89 3.17 2.66 ND 

BGHI3W 181.8 2.53 2.51 ND NO 

BSH14N 99.12 4.22 4.26 NO ND 

8&11511 ~.7 4.39 4.41 HO ND 

BGPI161f 96.9 4.4 4.61 4.53 NO 

BGP117N 114.8 3.54 3.37 2.67 ND 

86 IBN 117.9 4.76 4.41 7.6 D 

BS 19 1 3.4 6.12 5.82 2.69 

1 . 5.14 5.1 2.89 0 

• 4 ~. ~ . D 

1 . 4. 4.13 .27 234 

1 . .71 .12 2.7 2.74 

1 . .I • 7 

1 . • 4 



Table A4 General data rom w t sL,son milk samples from 

Trans Nzoia d ~t . ct. 

SMIPl£ CODE U IIILK 11M FAT 1 JlllkfAT CHEJIICAL RESIDUES (pg/.g 1ilkfatt 

IIEI&HT (fl) lifT ( ) 
chlorftnvlnphos 2,4-DitblarGitttophenont 

KTL011rl 97.8 3. 3. 4 5.86 NO 

KTL02N 113.4 5.22 5. s 7.3 NO 

KTLI311 112.1 4. s 4.27 7.18 21.8 

KTLI4W 112.3 5.47 S.3S 3.32 NO 

KTLI511 112.1 3.68 3.61 ND ND 

KTLI611 112.4 2.77 2.71 4.41 ND 

KTLI7N 113.6 4.84 4.67 3.9 NO 

KTLI811 117.9 5.64 5.22 4.88 ND 

KTLI911 99.6 4.57 4.59 2.24 ND 

KTLllll 111.8 6.74 6.62 3.19 71.1 

KTL!lll 97.7 1.18 1. 21 8.17 NO 

KTL12N 94.7 2.83 2.99 2.67 NO 

KTL1311 117.3 3.12 2.91 3.27 ND 

ICTL1411 97.2 5.11 5.16 HD ND 

KTLl~W 111.8 3.13 3.11 5.39 ND 

KTU611 113.4 6.91 b.bB 1.58 D 

KTL1711 114.1 4.96 4.76 2.19 NO 

KTUB 112.1 3.96 3.88 18.96 27.6 

TL19 112.1 4.64 4.SS 9.78 0 

T1.2 I 3.1 3.93 3.81 0 

Tl21 .4 5.5 5.59 2.79 3.31 

Tt22 I • 5 5. 4 4 . 

1 .4 4.73 4.4 1. 5 

2.71 2.7 2.7 

.4 4. I .21 



hile AS s.wt.IIE GUIDE 

SNftiiS STATIOI DRY SEA WET SEASON 

3ang'alo lnstttutt BGH8lD 86 830 86~840 BG~B9W 861'11911 86H11M 86111211 

8611850 

akt Basin Dtv. Author1ty B 0 611880 B611B90 BGHIBD B6~13W 861'11~11 86111511 86111611 

86tH 10 6 1 .. 0 

~itinda Diiry Co-op. Society 8611210 BG 220 8611230 86112~0 BGHBlW 861'10211 86118311 B611B4ll 

8611250 

Fo1raers Triining Centre 86 lbD 86 I 0 B6111BD 8611190 86111911 B6112BW B61121M 86112411 

8611290 

~hikula Fo1ra 8611150 86~2211 861'12311 

~b101i Fua 8611130 36111711 86111811 

Okonya Fua 86118511 861188'11 

3irasa FUI BGPI14D . 96112511 

~i uy1 Fua KTL230 KTL24D KTL25D =~e6w 861187W 

Ndalu Fo1r1 K l060 KTLB7D KTLBBD KTL29D ~TL81W KTLB2ll KTLB3ll 

KTL18D 

:herangani Ctntre KTL160 KTL17D KTLIBD KTL\90 XTLa4W KTLBSll KTL06W 

KTL2BD 

Soy Saabu Ctn re KTLa7V KTLaaw KTL99W 

9 keke Ctft re KTL!Bll KTL!Ill KTL12W 

wC Fara E de bes ( u:v l14 

aosar• rt 
X 1511 K llbli KTL17ll 

L 6~ 19 11 

c I LB T 83 e• L24ll L~~~~ 

U IJ 

• 21 



Tale Ab sa YE1T PR!JIERTIES IF ORNTOOwtiiC IllTEREST 

sa.vm dl:a03 Yitcotity hntlty R.I. s.p. t•c, IN cllt oH 

liP a C) (nt) 

Htune 9.11 I 33 .659 1.375 69.9 281 

Toluene 1 ... : 1.59 1. 496 118.0 285 

Diethyl ether e.:: . 3 • 713 1.353 34.6 229 

Chlorofort 8.4J .57 1.5 1.443 61.2 245 

Oichlorouthinl 8.42 .H t.36o 1. 424 49.1 235 

Ac:ttona 1.!~ 1.32 8.818 1.359 56.5 339 

Ethyl Acet•te e.~ 9.45 8.991 1.378 77.15 268 

Acetophenone i -~ ...... 8.3. 9.782 1.344 82.8 199 

Ethtnol 8 --.:::: 1.28 8.799 1. 361 78.5 218 

"eth•nol e.~! 9.68 8.796 1. 329 64.7 215 

Acetic Acid Lu;t 1. 26 1. 949 1. 372 117.9 

Water Lu;e 1. 98 1.898 1.338 lBI.B 

Ti.ble A7 Stt..ES S STaAI(JC£ 311EC t• mYA BY CiliA. 

YEAR NlllfT . llli£S 

1998 377,~ae 

1991 2~6 au 

1992 st,ne 

19 3 l ,en 

4 2 a ee 



Tule AS CMOSITIOII IF BOYIM£ IIIU LIP ~ 

Class al Li'idt 1 iotll ftilk Lipidt 

Tryglycer!det of f•tty acid 

Oiglyceridu 

"onog 1 yc:eri des 

Ketoacid glycerides 

Ketonogenic glyctrldts 

Hydroxyacid glyctrldtl 

Lactonogenlc glycerides 

Neutral glyceryl ethers 

Neutral plasealogens 

Free fatty acids 

Phospholipid• (totill 

Sphingolipids 

Sterols 

Squalene 

Carotene ids 

Yita•in A l~iltd on free alcohol! 

Yitaain D 

Yitaein K 

1.: ~I. 59 

•• b • 8.138 

a. ;~~1. 2a 

J.U·9.L3 

a.);"'a.7a 

i.lb 

a. !16-a. B2B 

B.!4 

e.:e~e.44 

a.aa-t.ae 
a.!6 . 

!. 22-B. ~ 1 

a.ae7 

i. a897-9. g089 

!.!BI6-B.il09 

?.s x te- 7 ~2.1 x te-• 

!.~881 



Tihle A9 etmEI REP11lT 1993 

CHLORPI£WliiPHOS 

JKPR: 71 1 34 !Yeir of J"?R tvaluatlOh or subsequent review) 

ADI: 0.!821g/kg body wttqht !1971· ir of confir •ation) 

Residut: Chlorfenvinphos, SU I of E- tnd z- lSOitrs fatsoluble. 

enmiTY 
ctmE Ill. liME !Itt (11)/t.g). 

YBBB41 

VR9577 

FC9091 

VOB440 

6C8645 

11118895 

IIHB187 

V00~50 

VAB3S5 

500697 

YR0589 

6C9649 

CH1285 

vResas 

YO~HS 

Resa6 

6C8654 

F I o! I • i ~ 

Lol! ! g 

Cabbage, Hnd e.es 

Carrot !.40 

Citrus frults I. 98 

Egg plant !.85 

Haile 0.05 

Pleat 0.20 (fat)Y 

Plilk of C&ttle, Goats and Sheep 8.008 FY 

lluShr:lOIS e.0s 

Onion, bulb 0.95 

Pun:X 8.85 

Potu:~ 0.85 

Rice 0.85 

Rice 1 poh shed 8.95 

Swe~t po:a o !.05 

Tou:o !.lB 

Tur:::o, ;uden 8.85 

ti !.BS 

s :o · l - tstdue IS h sol ble 

Ls for t Rl uco•oda ts vt erinuy srs. 


