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ABSTRACT

Human milk samples were collected from eight areas in Kenya 

with different agricultural activities. All the mothers had 

lived within the area for the last five years. They were 

healthy and breastfeeding their first or second child. In 264 

mothers milk samples analysed, 13 organochlorine pesticide 

residues were detected in the following order of frequency: 

p , p '-DDT (100%), p ,p '-DDE (100%), HCB (60%), aldrin (35%), 

lindane ( 30%) , (27%), dieldrin (20%), o£-HCH (8%),

transnonachlor (6%), heptachlor (4%), endrin (4%), heptachlor- 

epoxide (0.4%), and oxychlordane (0.4%). No residues of PCBs 

were found. Great regional differences in the levels of these 

compounds were found, and the mean levels of sum DDT ranged 

from 1.69 mg/kg in milk fat of nomads from Loitokitok to 18.73 

mg/kg milk fat in human milk from Rusinga Island. Regional 

differences were also found in the mean ratio of p,p'-DDT to 

its more persistent metabolite p,p'-DDE, with mean levels 

ranging from 0.7 in Karatina to 4.4 in Turkana. Similarly, the 

results demonstrated significant differences (P<0.05) in the 

mean levels of sum DDT and the ratio of p,p'-DDT to p,p'-DDE 

within the various sampling area depending on the agricultural 

activities. The results demonstrate large contamination of 

Kenyan human milk with organochlorine pesticides, especially 

DDT and DDE. The levels of sum DDT obtained were higher than 

corresponding levels reported from industrialized countries, 

and the estimated daily intake of a Kenyan infant exceeded the 

Acceptable Daily Intake set by the WHO/FAO. There was also a
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positive correlation of sum DDT, and p,p'-DDT to P/P'-DPE ratio 

with the mother's age. The results were also examined in 

relation to differences in living conditions with regard to 

agricultural activities, dietary habits, and reported use of 

pesticides in the various sampling areas.

Examination of commercial infant milk formulas on the Kenyan 

market revealed that only one contained organochlorine 

pesticides, and the levels were low, being 0.05 mg DDE/kg milk 

fat and 0.06 mg dieldrin/kg milk fat.

The time trend (1983-84) in DDT contamination in Turkana 

where DDT was extensively used in cotton growing, was also 

investigated. The changing from growing cotton to food crops 

within 9 months was followed by a reduction in the mean level 

of sum DDT from 7.79 to 4.49 mg/kg milk fat.

Human food samples were examined for organochlorine 

pesticides in order to determine the sources of these compounds 

in the human body. Of the 243 food samples examined, about 50% 

of them contained at least one organochlorine residue, but 

generally the levels were low. The DDT-group was most commonly 

found in fish, cow's milk, vegetables and cereals. Lindane had 

a high incidence of occurrence in all the food samples examined. 

Other organochlorines detected were aldrin, o/-HCH, j3-HCH 

transnonachlor, oxychlordane, dieldrin. PCBs were not detected. 

The mean sum DDT found in fish was 128 ug/kg and p,p'-DDE was 

the major metabolite.

The dietary intake of the different organochlorines 

through food samples varied in the different areas. The occur

rence of pesticide residues in food appeared to be closely 

associated with the use of similar pesticides in the area.
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Foods of animal origin contained higher levels of the DDT group 

as compared to other food groups in all areas. In general, a 

mothers daily intake of sum DDT was lower than the infants 

daily intake of sum DDT through breastfeeding, which demonst

rates mobilization and excretion of stored pesticides in the 

mothers milk.

Samples of maternal blood, milk, subcutaneous fat, as well 

as umbilical cord blood were collected from mothers and their 

infants at Kenyatta National Hospital. The mothers were healthy 
but delivered by Caesarean operation. In the 41 samples ana

lysed, the DDT-group occurred in all, dieldrin in 11, transnona 

chlor in 6, jJ-HCH in 5, endrin in 2 and lindane in 1. The 

mean levels (mg/kg fat) of sum DDT were 5.91 in subcutaneous 

fat, 4.86 in mothers milk, 2.75 in maternal serum and 1.87 in 

umbilical cord serum. Ji-HCH was only found in subcutaneous fat 

and milk with mean levels of 0.034 and 0.26 mg/kg fat, respecti 

vely. Dieldrin, endrin, and transnonachlor were detected in 

maternal serum but not in umbilical cord serum. Dieldrin 

detected in mothers milk and subcutaneous fat could not be 

guantified. There was a significant correlation between the 

levels of sum DDT in subcutaneous fat and milk fat (r=0.963), 

subcutaneous fat and maternal serum fat (r=0.843), and maternal 

serum fat and maternal milk fat (r=0.868), indicating the 

coherence of DDT in the body and demonstrates that human milk 

is a suitable indicator of monitoring organochlorine contami

nants in the human body.



CHAPTER ONE

INTRODUCTION

When God created man, he gave him the power to rule over the 

fish of the sea and the birds of the air, and over every living 

creature that moves on the ground (Genesis 1:26-28). Since 

creation then, man has interacted with his surroundings using 

what nature has provided. Initially, he lived as a hunter or 

nomad feeding off the land as he found it. When he tried to 

improve his way of life from hunting and food gathering to 

cultivation and harvesting, he created suitable conditions for 

the other consumers of his crops to proliferate. Some of these 

consumers later emerged as pests. His domestic animals and 

larger herbivores animals were potential pests of his crops but 

were restrained by use of fence and tether. However, there were 

other small animal pests, crop diseases and fungi which also 

needed his attention.

The discovery of chemical compounds which could be used 

effectively against many of the crop pests, must have looked 

like a final solution to all his problems. Pesticides, as these 

chemical compounds are known, are used against pests and 

diseases which compete with man for his agricultural land, his 

growing crops and his harvested produce. The early attempts to 

control pests chemically used naturally occurring toxic 

substances such as mercury, sulphur or plant extracts such as 

nicotine, pyrethrum or derris (rotenone insecticides). These 

were later followed by organic synthetic pesticidal compounds 

which dates from 1939 when the insecticidal properties of DDT
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(1,1,1-trichloro-2-bis (p-chlorophenyl)ethane were discovered 

(Hill et al., 1978).

Mans endeavour to increase the food production to match 

that of human population and reduce crop losses resulting from 

pest attack by application of pesticides has resulted in 

undesirable consequences. After the second world war, there was 

extensive use of organochlorine compounds (OC), especially DDT, 

cyclodienes, aldrin, dieldrin and HCH (hexachlorocyclohexane). 

These compounds present a great threat to the environment. They 

are lipophilic and have the ability to persist in nature.

Due to their lipophility, they accumulate primarily in 

fatty tissues of fish, birds, and mammals (Brown, 1978). The 

prolonged use of these pesticides have also led to the 

establishment of resistant species, especially to cyclodienes. 

Also minor pests have become major pests owing to the 

elimination of their natural predators and new pests brought 

into being. In view of the potential health hazards many 
countries have banned the use of organochlorine compounds such 

as DDT and limited the use of others. It is important that such 

decisions and policy are based on scientific information rather 

than on emotional considerations. The ability to predict 

hazards, which may result from pesticide application in 

general, depends on proper judgement of the toxic properties of 

the compound like short and long-term toxicity, reproductive 

effects, mutagenicity and also the fate of chemicals in the 

environment, such as physico-chemical behaviour and biodegrad

ability. The fate and the toxic potential of a pesticide may 

largely depend on the type of environment where the compound is 

applied. For the evaluation of the benefits relative to the



potential adverse effects, it is imperative to know whether the 

use has resulted in the exposure of a given population to non- 

permissible levels. If so, steps may be taken to reduce the 

levels. Many new pesticides, which are less likely to cause 

injurious environmental effects are continually being developed. 

However, a safer use of pesticides does not only depend on the 

development of new and more selective compounds. A considerable 

improvement may also be accomnlishedby better application and 

formulation techniques.

Despite the fact that organochlorine compounds have been 

used a lot in Kenya in the past and continue to be used, very 

few studies have been performed in this country to monitor the 

exposure and evaluate the potential adverse effects.

Human milk, due to its high fat content, is a suitable 

indicator for monitoring exposure and levels of persistent 

organochlorine compounds, and it is the main excretory route in 

lactating women. While the cow may excrete only 1.5% in the 

milk of its daily intake of DDT, women may excrete 125% of 

their daily intake (Knowles, 1974). Besides being a suitable 

material for assessing the exposure of lactating women and 

possibly the general population, special consideration should 

be given to the presence of organochlorines (particulary DDT) 

because of the possible deleterious effects on the developing 

infant (Farvar, 1974). Practically all organochlorine compounds 

are acutely neurotoxic and the accumulation in the central 

nervous system begins at a very early stage of its complex 

ontogeny. So far it has not been established whether this can 

impair the normal development and functioning of the nervous 

system. The main reason for this uncertainty is that with the
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presently available psychometric, biophysical and biochemical 

methods, the various functions of the central nervous system 

can be measured only very imprecisely. In contrast, several 

important functions of the liver can be measured with a suffi

cient degree of accuracy, and some of these are known to be 

affected by organochlorine compounds, e.g. they increase the 

activity of the microsomal enzymes that play an important role 

in the endogenous metabolism of, for example steroid hormones 

(Hayes, 1982).

Since the occurrence of DDT in human milk was first 

reported in 1951 (Laug et al., 1951), numerous investigations 

on organochlorine pesticides in human milk have been carried 

out, but only few have been reported from developing countries 

where the use of organochlorine pesticides has been most 

extensive. From some places in developing countries, levels of 

DDT have been reported (Farvar, 1974), Hornabrook et al., 1976, 

Winter et al., 1976), which are two orders of magnitude higher 

than corresponding levels from industrialized countries of 

North America, East and West Europe. During the last 12-15 

years the industrial chemicals PCBs (polychlorinated biphenyls) 

have been detected in most samples of human milk from the 

industrial countries (Jensen, 1983; 1987) while the developing 

countries so far have avoided the PCB contamination (Skaare et 
al. , 1988) .

In an own pilot trial with five mother's milk samples 

collected randomly in a Nairobi hospital, the quantities of 

total DDT were found to range from 0.035 to 0.178 mg/kg milk. 

Compared with the WHO/FAO's Acceptable Daily Intake (ADI) of 

0.005 mg DDT/kg body weight for humans and considering that a 

new born infant consumes about 0.6 liters milk per day and
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weighs no more than 3 kg, this corresponds to 7.1 times the 

ADI.

Other organochlorine compounds found in mother's milk 

include dieldrin, aldrin nL - and p-IICH, lindane, HCB and 

PCBs. Because of the limited information on organochlorine 

compounds in human milk in developing countries, the urgent 

need for further studies has been stressed. In accordance with 

this, WHO/UNEP started a project to advance knowledge of the 

occurrence, distribution and significance of organochlorine 

compounds in humans with particular reference to the human milk 

from less developed parts of the world (WHO, 1979).

The objectives of the present research project were:

1) To isolate, identify and quantify organochlorine pesticides 
in human milk.

2) To generate reliable data on the contamination levels of 

organochlorine pesticides in human milk collected from 

selected Kenyan mothers living in different areas of Kenya.

3) To identify and evaluate the relative contribution of 

various sources for the occurrence of organochlorine 

pesticides in human milk, such as living conditions, agri

cultural activities and dietary habits. The sampling and 

analytical procedure were designed according to the recommen

dations for the WHO/UNEP project (World Health 

Organization/Food and Agriculture Organization. Report of 

Joint Expert Committee on Pesticide Residues. WHO Technical



6

Report Series No.417, 1979). This should enable comparison 

and evaluation of the Kenyan results in relation to those 

from other parts of the world.

4) An investigation was also initiated to study the time trend 

of organochlorine pesticide contamination by collecting milk 

samples from the same mothers during a time period. Results 

of this kind should contribute to the knowledge of the 

biological half-lifes of persistent pesticides under 
tropical climatic conditions.

5) In addition, it was of importance to investigate if the 

levels of organochlorines in human milk really reflect the 

body burden of these pesticides, and to study the signifi

cance of organochlorine exposure of the infant in utero. 

Therefore, maternal adipose tissue, blood samples of mother 

and infant as well as milk sample were collected and 

analysed from 11 mother-infant pairs.
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CHAPTER TWO

PESTICIDE USE AND PRACTICE IN KENYA

2.1 INTRODUCTION

Kenya encompasses an area of about 570.000 sq km with a 

population of about 23 million people. The estimated rate of 

growth is about 4% per annum.

The population of Kenya is dependent on agriculture to 

provide food and revenue. Most people are peasant farmers who 

grow their own subsistence crops with little plant protection 

being applied. Among the factors which limit food production 

are pests and diseases of crops and animals. This is influenced 

by natural and biological factors such as weather, soil condi

tions, parasites , predators, and by manipulation through 

cultural practices, such as planting time, cropping patterns 

and use of resistant varieties. Considering that pest damage 

may occur at any stage of crop growth and to any part of crop 

growth, a Kenyan farmer is faced with the difficult task of 

controlling these pests to avoid loss of quality and yield.

It is estimated that pests and diseases account for more 

than 30% yield loss in the field and 18% loss of stored 

products (Omamo, 1983).

Testicides are used in an effort to increase the crop 

production, in food storage, and for control of vector-borne 

diseases with an objective to attain food self-sufficiency.
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Until recently, adequate attention has not been paid to their 

actual and potential side effects on human beings and other 

life forms. In fact the personal health of the farming 

community and consumers, and the risks of environmental pollu

tion have been neglected to the benefit of food production per 

se. However, the fact that pesticides play a major role in

increase of plant production cannot be denied. Table 2.1

indicates the average annual amounts of pesticide that have

been used in Kenya from 1979 to 1983.

Table 2.1. Average annual amounts of pesticides used in Kenya 

(1979-1983)*
Pesticides Amount in Tons

Insecticides 876

Fungicides 3610 .

Herbicides 656

Acaricides 67

Nematocides 27

Fumigants 472

Rodenticides 12
Hormones 10
Insect attractants 1
Soil sterilants 18
Seed dressing 1

Biological insecticides 24

Source : UNEP Kenya state of Environment Report 2,1987.
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Modern agriculture depends heavily on use of agrochemicals.

Most of these agrochemicals, e.g. pesticides, are not manufac

tured in Kenya and have to be imported. Legislation governing 

the use of pesticides in Kenya are applied through the Pest 

Control Product Act of 1982, which made provision for the 

Pesticide Control Products Board (PCPB) in 1983. This body 

regulates the importation, exportation, manufacture, 

distribution and use of products used for control of pests 

and/or of the organic function of plants and animals, and for 

connected purposes. Prior to the formation of PCPB, there was 

no registration of pesticides in Kenya. All pesticides to be 

registered are now studied and evaluated to ensure that it will 

not lead to unacceptable residue levels. The maximum residue 

levels (MRL) or tolerance limits for various crops are 

contained in Food, Drugs and Chemical Substance Act, Kenya 

Laws, Cap 254 (1980 revised).

Approximately 380 pesticidal compounds from major 

companies in Europe and United States have been considered for 

registration (Mutai, 1988, personal communication).

One of the major problems that face a developing country 

like Kenya with regard to the use of pesticides, is whether a 

chemical that has been banned from its country of origin should 

continue to be used. This is a difficult decision for those in 

authority especially where there is no toxicological data 

available to support the decision taken or where there is no 

appropriate substitute. One such chemical is DDT which has been 

banned in developed countries but is still in use in Kenya. 

Table 2.2 shows a list of pesticides that have been banned or 

restricted in other countries, but are still in use in Kenya.

2.2 LEGISLATION OF PESTICIDE USE IN KENYA



Table 2.2 PESTICIDES BANNED OR RESTRICTED IN OTHER COUNTRIES BUT STILL IN USE IN KENYA
Name Trade Name 

and use
Manufactured by Effects Regulation 

in Kenya
Countries where 
action taken

Azinphos Methyl Gusathion
Insecticide

Bayer Tumorogen 
Toxic to beed 
Birds, fish 
and Wild life

Accepted India

Endosulfan Thioaan
Insecticide

Hoechst Suspect 
Carcinogen 
terratogen 
Embryo toxic

Accepted Phillipines

Methorny1 Lannate
Insecticide

Dupont Carcinogen Accepted Phillipines
Omethoate Folimat

Insecticide
Bayer Accepted Malaysia

Parathion Parathion Bayer Damages
Nervous
System
Embryotoxic

Accepted Denmark, Finland 
India, Israel, Japan, 
Norway, N .Z ., 
Phillipines, Sweden 
Turkey, U.K., USA

Parathion Methyl Foiidol
Insecticide

Bayer Teratogenic Accepted Hungary, Japan
Dinapracy1 Morocide

Acaricide
Dupont Carcinogenic Accepted Finland

Dimethoate Rogor
Insecticide
Acaricide

BASF
&

Mutagenic 
Affects Repro
ductive organs 
Fetotoxic

Accepted U.S.A.

Oxythioguinox Morestan
Insecticide

Bayer Accepted India
Captan Captan

Fungicide
Chevron Carcinogenic

terratogen
Mutagen

Accepted Finland, Norway & 
Sweden

Methyl-Mercury Arotane
Fungicide

ICI Persistent, 
Environmental 
impact Health 
Hazard

Accepted European Community, 
Argentina, Denmark, 
Finland, Israel, N.Z. 
Sweden, Turkey

Thiophanate Topsin+M Nippon Soda 
(M)

Persistent, 
Environmental 
impact Health 
Hazard

Accepted Finland



Name Trade Name 
and use

Manufactured
by

Effects Regulation 
in Kenya

Countries where 
action taken

Benomyl Benlate
Fungicide

Dupont Carcinogenic Accepted Finland

Maneb Dithane
Funaicide

BASF
Rohm S c Hass

Accepted USSR

Paraquat Gramoxone ICI Poisoning
hazards

Accepted Denmark, Finland,
Israel, N.Z., Phillipines 
Sweden, Turkey

2,4-D 2,4-D Amine ICI Affects liver 
Tumorogen 
Terratogen, 
Mutagen

Accepted Colombia, Guatemala 
USA

Captafol Captafol
Fungicide

Chevron Carcinogenic Accepted U.S.A. Tanzania, 
W.Germany, LV.K

DDT DDT
Insecticide

ICI
Roger Foyd' 
herbe

Carcinogenic 
Accumulation 
in food chain

Accepted Canada, Colombia, 
Cyprus, Denmark, 
Finland, Guatemala, 
Hungary, Israel, 
Japan, Mauritius, 
Norway, N.Z. Phill
ipines, Sweden, 
Thailand, Turkey, 
West Germany,
U.S.A., USSR

Dieldrin Dieldrin
Insecticide

May & Baker Oncogenicity 
Fetotoxic 
Terratogenic 
Toxic to 
Wildlife Harz 
-adous to humans

Accepted Canada, Columbia, 
Cyprus, Denmark, 
Finland, Hungary, 
Israel, Japan 
Norway, Mouritus, N 
Pakistan, Phillipines 
Sweden, Turkey, W. 
Germany, USA, USSR

Methyl bromine Methyl bromine 
Insecticide

Rentokil 
Robert Lemaire 
H.Henry & Co.

Highly toxic Accepted Phillipines

Phosphine 
generating HCN

Phosphine 
generatina HCN

Rentokil 
H.Henry & Co

Highly toxic Accepted Phillipines
Dxcrotophos Dicrotophos Health Hazard Health Hazard Accepted India Malaysia
D isulfoton Disystcn Bayer Highly toxic Accepted India
* WajLyaki et al. 1988

cont-r 9a
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The most important types of pesticides imported for use in the 

country are insecticides, fungicides and herbicides. The import 

budget on pesticides has increased from K£ 13 million in 1981 

to K£ 26 million in 1987 (Table 2.3), which reflects an 

increase in use of pesticides every year, as more farmers are 

becoming aware of the use of pesticides.

Most of the pesticides used in this country are imported 

from major companies in Europe and United States where they are 

already formulated. Only about 20% of all pesticide used are 
formulated locally.

The formulation and packing of agrochemicals in Kenya is 

undertaken by the major firms like May & Baker, Twiga Chemicals, 

Shell Chemical and Hoechst E.A. Ltd.

The Pesticides Chemicals Association of Kenya (PCAK), 

which was formed in 1959 to provide a forum for the agrochemical 

industry, maintains contact with the Government in order to put 

forward the views of its members and develop an acceptable 

strategy for the industry.

Table 2.3. Amount of pesticides imported directly into Kenya
*during the period 1983-1987 .

Insecticides

Year Quantity (Kg) Value - Ksh

2.3 PESTICIDE TRADE IN KENYA

1983 2,074,877 152,107,512
1984 1,648,750 148,386,337
1985 1,615,931 156,154,090
1986 2,213,620 213,651,807
1987 1,588,994 189,245,834
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Fungicides
Year Quantity (Kg) Value - Ksh
1983 2,255,657 120,577,547
1984 2,128,618 101,538,530
1985 1,982,813 115,616,402
1986 2,173,457 166,807,438
1987 3,174,738 211,133,270

Herbicides

Year Quantity (Kg) Value - Ksh
1983 1,306,825 77,338,915
1984 1,334,208 73,673,881
1985 943,657 87,759,418
1986 1,016,578 100,253,714
1987 1,068,590 123,553,602

Import Budget on pesticides from 1981 - 1987
1981 KE 13 million
1982 KE 20 million
1983 KE 17 million
1984 KE 16 million
1985 KE 18 million ,

1986 KE 24 million
1987 KE 26 million
*
Source : Annual Trade Reports, 1981-1987. 

Customs and Excise Dept.

Ministry of Finance.
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Pesticides form an integral part of the current farming system 

and are used on a wide range of pest problems in Kenya, both on 

pests and disease causing agents.

About 33% of the farmers, predominantly in the large farm 

sector, use pesticides. In the small farms (mostly subsistence 

farming) there are minimal use of pesticides. Cash crops, such 

as coffee, takes about 50 per cent of the pesticides in use on 

the national scale, while horticultural crops receive about 20 

per cent of the pesticides imported. Fungicides are the most 

important pesticide used in the production of coffee. In 1987 

(Table 2.3) fungicides had the largest total percentage market 

share followed by insecticides and herbicides.

Other important crops that have taken a large share of 

pesticides are cotton, sugarcane, maize and tea.

Herbicides, which are used as a substitute to mechanical 

or hand weeding, has also been greatly used by coffee, maize, 

barley, wheat, sugarcane and tea farmers.

The amount of pesticide used in coffee production seems to be 

proportional to the high coffee yields as it is the most 

important crop in Kenyan economy.

2.5 PESTICIDES USED IN LIVESTOCK IN KENYA

The most important vectors of a variety of disease agents in 

domestic animals are ticks which cause the greatest loss of 

livestock. Different acaricides have been used to control 

ticks, but although they are all said to kill ticks, they

2.4 PROPORTION OF TOTAL PESTICIDES USED IN VARIOUS MAJOR CROPS

IN KENYA
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differ in their rate of kill, residual periods, stripping rates, 

stability and safety. The use of acaricides in Kenya is well 

organized to avoid the influx into the market of all available 

acaricides which would otherwise result in development of 

resistance to these acaricides at the same time. Sodium 

arsenite was the only acaricide in use in Kenya, from 1912 to

1949, to control serious livestock diseases such as East Coast 

Fever (Keating, 1983). Benzene hexachloride (BHC, hexachloro- 

cyclohexane,HCH) was introduced in 1949. The development of 

strains resistant to arsenic and HCH led to the increased use 

of toxaphene, a chlorinated camphene which was introduced in

1950, and by 1956 it was the major acaricide in use. This was 

due to its stability in dip washes and prolonged residue 

effect. Other organochlorine pesticides like DDT and dieldrin 

were introduced in 1956 and 1961, respectively, but due to the 

development of tick resistance, the organochlorine acaricides 

were banned in 1976. Organophosphorus compounds, such as Delnav 

(dioxathion) and coumaphos (Asuntol) were introduced in 1959. 

These organophosphorus compounds were often used in combination 

with arsenic, HCH, and toxaphene. Some acaricides which are 

still in use in Kenya, include carbaryl (Sevin), quintiofos 

(Bacdip), chlorfenvinphos (Supona), coumaphos and formamidines. 

Since some pests have also been reported to have become resis

tant to organophosphates, combinations with organochlorine 

pesticides have been introduced. Most of the farmers have their 

cattle washed in cattle dips since this is more economical and 

they are helped to maintain the correct strength of the chemical 

in the dip by testing the concentration of the particular 

acaricide used by Veterinary Research Officers.
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INSECTICIDES

Public health has benefited from effective control of vector 

borne diseases through effective control of pests, such as 

mosquitoes and water snails. The WHO programs to eradicate 

pests, such as mosquitoes, tsetse and other disease vectors of 

malaria, sleeping sickness, bilharzia etc. have made it 

possible for people to settle in such areas as Mwea/Tebere 

Settlement Scheme in the Central Province, the Kano Plains and 

the Lambwe Valley in Nyanza Province.

Also occasionally there have been attacks of army woims on 

vegetation which have been successfully controlled and 

eradicated by the use of pesticides.

In Kenya today, more than 30 different products are sold over 

the counter for the control of household pests. The most common 

household pests are flies, cockroaches, fleas, lice, ants, 

bedbugs, mosquitoes, rats and mice. The insecticides available 

include x-Pel, Niltox, Pips, Target, Killtox, Trig, and Strike 

(Trade names), among others. Some of these insecticides are in 

powder form, others as aerosols in bottles, while others are in 

solid form, e.g. mosquito coils. These household chemicals are 

used indiscriminately in the homes as most consumers do not 

know any other effect except that of

killing the nagging pest. It is not always easy to know the 

active component of the insecticide product, as not all the 

manufacturers indicate on the bottles or other containers what 
is the active chemical.

2.6 PESTICIDES USED IN PUBLIC HEALTH INCLUDING HOUSEHOLDS
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The agrochemical industries have mainly been responsible of 

distributing pesticides in Kenya. The main importers before 

independence included Mackenzie Kenya Ltd., BFA Corporation 

(affiliated to Overseas Trading Organisations), and the Kenya 

Farmers Association (which is presently known as Kenya Grain 

Growers Cooperative Union, KGGCU), (Mbatha, 1988). The 

chemicals were mainly used in plantations, estates and large 

farms owned by companies or individual farmers.

With the sub-division of these large farms after indepen

dence, the distribution of pesticides now involves more people 

and has become more complex. The representatives of the overseas 

manufacturers are involved in the importation of pesticides.

They are also the main distributors and are responsible for 

supplying pesticides to the large scale and estate farmers and 

also provide continuous supply to the stockist shops in the 

country. There are also other distributors with a lower rank 

than the main distributors.

2.8 PESTICIDE HANDLING AND USE BY FARMERS IN KENYA

Most farmers in Kenya buy their pesticides from either 

stockists, distributors or through their Cooperative Societies 

and Unions. The latter is more favourable to the small scale 

farmer, especially if he is a member of the society, since 

there are credit facilities available to members on condition 

that their produce acts as security and is sufficient to cover 

the loan so acquired.

When buying pesticides, farmers are easily confused by the 

abundance of different chemicals which might be on the market

2.7 DISTRIBUTION OF PESTICIDES IN KENYA
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at any one time. Differing advice and promotional literature 

are presented to him from various chemical manufacturers, each 

claiming its product to be the best. However, the farmers 

choice in many cases depends on the cost with some justifica

tion, that all the available products must work otherwise they 

wouldn't be on the market. In assessing the cost, he is not 

aware that different products contain different concentrations 

of active ingredient, and employ different usage rates, and it 

may be that the most expensive product is in fact the cheapest 

one to use. The other factors that influence the farmer's 

choice of product are what the other farmers are using, 

especially well informed and successful practising farmers, 

agricultural extension agents, size and nature of the packing 

materials, especially if the containers can be re-used, and 

availability of the product.

2.8.1 Delivery of pesticide chemicals to the farmer

Most of the distributors do not deliver the chemicals to the 

farmers, especially if they are few. So the farmer has to make 

his own delivery arrangement. In many cases, public transport 

is used.

2.8.2 Storage

Most farmers do not have special storage facilities and thus it 

is not uncommon to find pesticides stored in a store where 

other household goods are kept or in a store where other farm 

produce are stored. Where there is no store, they are kept 

somewhere within the house.
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2.8.3 Applicators

Commonly used applicators in Kenya are tractor mounted sprayers 

and knapsacks. Aircraft mounted sprayers are used specially 

when controlling outbreak of army worms, tse tse flies or 

locusts. Cattle dipping is also widely practiced. Unorthodox 

applicators include flywisks and specially bound leaves/brooms 

(Nyaga, 198 8) . Since not every farmer can afford to buy an 

applicator, some farmers do borrow applicators from their 

neighbours.

2.8.4 Waste disposal

Although the containers should be burned or burried deep in the 

soil, most farmers find alternative use for them. Some of these 

containers have been used for foodstuffs, milk or drinking 

water.

2.9 DANGERS POSED BY USE OF PESTICIDES

When using pesticides the risks of adverse effects must be 

weighed against benefits which the pesticide produce. In some 

cases it may not be necessary to use the chemicals, especially 

where cultural or biological methods of control are effective. 

However, farmers are known to have been illusioned by some 

manufacturers that use of pesticides is a guarantee of good 

quality and high yield crop.

During spraying over wide areas, some drift and build up 

in the atmosphere, and may be hazardous to beneficial insects 

such as bees, wild animals which feed on the crop, and also to 

other smaller organisms. Other residues are washed by the rain 

into rivers, lakes, estuaries, and harbours and may adversely 

affect fish and other aquatic life.
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The problem of pesticide misuse in this country is 

aggravated by the fact that most of the farmers are illiterate 

and therefore instructions on a particular pesticide may not be 

followed. The language used on the labels do not always communi

cate to all the farmers. Swahili is mostly understood by many 

farmers but wherever possible vernacular language may be the 

best. Hence, interpretation of useful information on the labels 

may be difficult also for the farmer, especially where units of 

measure are not common. Furthermore, farmers may not be aware 

of changes of crop protection chemicals.

The actual figures of pesticide poisoning in Kenya may not 

be known, but death through ingestion of contaminated food and 

suicide by exposure to pesticides have been reported in our 

local newspapers. Here are some examples:

Cases reported in Daily Nation, Friday, October 1986.

- A woman put a packet of powder pesticide on her food shelf.

She mistakenly mixed up the content with maizemeal while 

preparing "Ugali" for her family. She and two of her children 
died.

- A family ate food previously stored in pesticide drums. They 
all fell seriously ill.

- Some people think that pesticides are medicine and try to use 

them to treat skin diseases.

- Unscrupulous fishermen use the chemicals to kill fish, which 

are then sold to unsuspecting consumers.

- A worker was overheard boasting to his friends that he knew 

all the pesticides kept in the store. All he did was identify 
them by their taste.

- In the field, plantation workers have been known to strip 

down to their shorts, leaving their arms, legs and chests 

bare while spraying pesticides.
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Problems associated with pesticides use in Kenya.

1. One of the major problems which has also been felt worldwide 

as a result of continued use of pesticides, is the emergence 

of super pests which are resistant to pesticides.

2. Lack of personnel and funds to test pesticides locally and 

to ensure that private companies are adhering to the regula

tions as stated in the Pesticide Control Products Act.

3. Lack of proper knowledge about pesticides leading to 

indiscriminate use of them. Farmers may not be able to 

identify banned or restricted pesticides. Some of these 

chemicals find their way back to the shelves and are 
available to the farmers.

4. Pesticides are used, which have been banned in other 

countries.

5. Lack of proper protective clothing during spraying.

6. Many a time, disease signs and symphtoms caused by 

pesticides are not diagonised, and if they are, the proper 

therapy or prophylaxis may not be instituted.

2.10 ENVIRONMENTAL PROTECTION

Bodies regulating the pesticide use in Kenya.

1. Kenya Environmental Secretariat, which is a coordinating

body with regard to all matters pertaining to the protection 

of our environment. This body provides the linkage between 

Kenya and various international organisations like UNEP, FAO 

and WHO, through which important information and policy 
guidelines are formulated.
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In this connection the agricultural industries are required 

to implement the FAO code of conduct on the distribution and 

use of pesticides.

2. Pesticide Chemicals Association of Kenya (PCAK). This body 

incorporates most of the manufacturers of agrochemicals in 

this country. The main objectives of the association are to 

ensure that members ascribe to the ethical objectives as 

they relate to safety, packaging,labelling and use of these 

products.

3. Pest. Control Product Board of Kenya. This is a

statutory organization of Kenya government established under 

the Pest Control Products Act, cap.346 of the Laws of Kenya. 

Its aim is to streamline and control the use of pesticides 

in the country at all stages viz. importation, transporta

tion, labelling, formulation, storage, usage and disposal.

It also investigates the role of pesticide and their impact 

on the environment and also collaborates with international 

organizations (e.g.WHO, FAO etc.).

Through mass media, people are becoming aware and concerned 

about the effects of pesticides both to the environment and 

public health. In Table 2.4 is listed the pesticides which 

have been banned or restricted for use in Kenya.
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Table 2.4 Pesticides banned or restricted in Kenya

Chemical name Trade name Use Action

Dibromochloropr opane Nemagon soil fumigant banned
(DBCP)

Ethylene dibromide EDB soil fumigant banned
(EDB)

2,4,5-T 2,4,5-T herbicide banned

Chlordimeform chlordimeform acaricide/- 

insecticide

banned

Chlordane chlordane insecticide banned
Toxaphene toxaphene acaiicide banned
Endrin endrin insecticide banned
Aldrin aldrin insecticide restricted
Dieldrin dieldrin insecticide restricted
DDT DDT insecticide restricted
y -HCH lindane insecticide restricted

The banning of these chemicals had 1been accentuated by their

effects on the environment. The organochlorine compounds have
been found to persist in nature and their residues have been
detected in food and human samples. Others, such as DBCP, EDB
and 2,4,5-T, have been banned because of carcinogenicity or due 
to high acute toxicity.
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2.11 CONCLUSIONS

Pesticides have played a major role in the increase of crop 

production and in the control of vector borne diseases. At 

present the benefits versus risks may not be clearly understood. 

Since development is no longer only regarded as an increase in 

the national income of a country, all the factors that 

influence the quality of life and reduce absolute poverty 

should be incorporated. There is a great and urgent need to 

inform people at all levels about the benefits and hazards 

brought about by use of pesticides, which should be a concern 

for all those in the pesticide industry and the ministries 

involved. The language clearly understood by the local people 

should be used on the labels. Chemical screening, pesticide 

research and toxicological studies need to be more emphasized 

and practically demonstrated. All pesticides in use should be 

monitored and their toxic effects scrutinized. Presence of 

pesticide residues in horticultural crops indicate that prehar

vesting interval should be observed strictly for safe harves

ting. With more rational use based on biological and economic 

studies, smaller quantities of pesticides could be used and the 

benefits could be correspondingly greater and the hazards 

correspondingly smaller.
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CHAPTER THREE

ORGANOCHLORINE PESTICIDES 

LITERATURE REVIEW

3.1 INTRODUCTION

Pesticides are generally defined as cliemical substances used tc 

control pests. These include insecticides, herbicides, acari- 

cides, fungicides, rodenticides, fumigants etc. The rising 

production of these substances is a measure of their value in 

agiiculture in controlling disease-bearing pc'sts and in other 

uses. Before the second world war pesticides were of two types: 

inorganic ones .like arsenicals and fluorides, which were most 

commonly used, and those of plant origin, such as poisonous 

nicotine products. The development of organic synthetic 

pesticides began after the discovery of DDT as an insecticide 
by Miiller in 1939 . This stimulated the search for other 

synthetic chemicals with similar properties which led to the 

production of other organochlor.ine pesticides, viz aldrin, 

dieldrin, and other cyclodienes.

Organochlorine pesticides havebeen in use for more than 

three decades in agriculture and in health programs all over 

the world. Due to their persistence in nature, they have come 

into disfavour. Research done in many parts of the world has 

led to the knowledge about the presence, amount, and distri

bution of pesticides in the environment in general. An impor

tant feature of these lipophilic pollutants is their ability to 

become concentrated along food chains, reaching higher concentra

tions at higher trophic levels due to their great chemical 

stability, low aqueous solubility and high lipophilicity
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(Muthanna et al., 1986). Thus, they may reach the human body 

through the daily diet (Adamovic et al., 1978; Noren, 1983; 

Kaphalia et al., 1984). Their tendency to accumulate in fatty 

tissues has caused significant residue burdens in adipose 

tissues (Wassermann et al., 1972; Saxena et al., 1981; Saigal 

et al., 1985), blood (Cariati et al., 1983; Kaphalia et al. , 

1983); and even human milk (Jensen, 1983; Slorach and Vaz,

1983). These chlorinated compounds have also been found to have 

access to the growing fetus through the placenta (Eckenhausen 

et al., 1981; Saxena et al., 1981; Lewerenz, 1982; Ando et al., 

1985), and have been detected in cord blood (Eckenhausen et. 

al. , 1981; Cariati et al., 1983; Skaare et al., 1988). There 

are also reports on the presence of organochlorine pesticides 

in tissues of stillborn infants (Eckenhausen et al. , 1981).

Because of these findings, use of many organochlorine 

compounds, especially DDT, has been banned in developed 

countries, viz Norway (Skaare, 1981), while other countries 

have restricted their use. However, organochlorine pesticides 

are still in use in many developing countries, including Kenya. 

The presence of organochlorine compounds in the adipose tissue 

of people from Kenya was first demonstrated by a study carried 

out by Wassermann et al. (1972). They reported that these 

chemicals were stored in the adipose tissue of people who had 

no occupational exposure to organochlorine insecticides, which 

indicate contamination through other sources. No further study 

has been done to find out if the organochlorine levels in 

Kenyan population has increased due to continued use of these 

chemicals. However, the influence on the levels of organochlor- 

ines in the human body by other factors, such as age



25

(Wassermann et al., 1972; Hruba et al. , 1984); sex (Wassermann 

et al./ 1972; Ramachandran et al., 1984; Siddiqui et al.,

1985), dietary habits (Nor§n, 1983; Kaphalia et al., 1985), and 

living conditions (Warnez et al., 1983; Siddiqui et al., 1985) 

has been demonstrated. The concern for the potential health 

hazard of organochlorine pesticide accumulation in the human 

body initiated intensive research activities on the toxicology 

of these compounds. Thus, these chemicals have been found to be 

potent hepatic microsomal enzyme inducers which may quantitati

vely alter the response to various drugs and toxic compounds as 

well as to naturally occurring substances in the body (Wasser

mann et al., 1974). This may lead to alteration of homeostasis 

of biochemical (endocrine, immunologic etc.) processes (Wasser

mann et al., 1974). Furthermore, the experimental evidence of 

the capacity of organochlorine pesticides to increase tumor 

incidence in laboratory animals has also been reported 

(Wassermann et al., 1974; Hayes, 1982). However, the only way 

the levels of these contaminants can be reduced in human bodies 

is by reducing the sources of environmental pollution. This is 

supported by the reports of reduction of levels of DDT in the 

environment and is also reflected by the low levels of DDT in

mother's milk after this insecticide has been banned in indust-
\

rialized countries (Skare, 1981, 1988; Slorach and Vaz, 1983). 

Since the effects of long term exposure of people to these 

contaminants is not certain, it is imperative that measures to 

reduce environmental contamination be undertaken.
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3.2 ORGANOCHbORINE PESTICIDES

3.2.1 DDT group

DDT has a molecular weight of 354.50. In pure form it is a 

white, tasteless, almost odourless crystaline solid melting at

108.5 ° to 109 °C. Technical DDT which is commonly used as an 

insecticide is a waxy solid and has the following composition: 

p ,p '-DDT, 77.1%; o,p'-DDT, 14.9%; p,p'-DDD, 0.3%; o,p'-DDD,

0.1%; p ,p '-DDE, 4.0%; o,p'-DDE, 0.1%; and unidentified
_7compounds 3.5%. The vapour pressure of DDT is 1.5x10 mm Hg at 

20 °C. It is highly fat soluble but insoluble in water. DDT was 

first synthesized by Zeidler in 1874, but its insecticidal 

properties were discovered by Miiller in 1939. After which it 

was extensively utilized due to its conspicuous benefits in 

terms of agricultural output and public health. This led the 

World Health Organization (WHO) to adopt strategies towards the 

eradication of malaria using DDT. Its success was due to its 

chemical stability, low cost and its low acute toxicity. The 

discovery in the 1960s of its ci.ccompanying environmental 

hazards caused by its high persistence, chronic toxicity and 

the ability to bioaccumulate resulted in restrictions or bans 

of the major uses in most industrialized countries by 1970 (WHO 

1979 ), while its use continues in the developing countries.

DDT is metabolised to DDE in many species including man. The 

detection of DDE in human fat was first demonstrated by Pearce, 

Mattson and Hayes in 1952 (Hayes, 1982). It is now known that 

some of our food contains DDE, but that man is also capable of 

forming the product from DDT (Hayes, 1982).
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3.2.2 Cyclodiene group

Aldrin, dieldrin and endrin are persistent organochlorine 

insecticides with a higher acute toxicity than DDT. Dieldrin is 

an oxygenated metabolite of aldrin, and it is more persistent. 

The use of these compounds as insecticides have been banned in 

most industrialized countries, but they are still used in 

developing countries. These compounds have been detected in 

human milk (Jensen, 1983) and in human food samples (Ackerman, 

1980; Mugambi, 1986).

Heptachlor, heptachlor epoxide and chlordane are closely 

reJated chlorinated insecticides. Heptachlor epoxide and 

oxychlordane are very persistent epoxy metabolites of 

heptachlor and chlordane, respectively. Heptachlor epoxide and 

transnonachlor both occur as impurities in technical grade 

chlordane. These pesticides have not been extensively used as 

compared to DDT, but their residues have been detected in human 

milk, adipose tissue, and food samples (Jensen, 1983).

3.2.3 HCH group

The commercial insecticide HCH is a mixture of the different 
isomers, viz: <^-HCH, J3>-HCH, -HCH and i -HCH, and other 

impurities. The ^-HCH isomer, also known as lindane, is the 

most acute toxic isomer, often used as a substitute for DDT.

It is more volatile and significantly more soluble in water 
than DDT.

The p  -HCH isomer, which is most stable and environmentally 

persistent, has the highest chronic toxicity(Jensen, 1983).

Both p-HCH and ^-HCH have been detected in human samples, but
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|i> -HCH has a higher ability to accumulate in l'at tissues than 

has -HCH (Jensen, 1983). ©t -HCH and ^ -HCH are rarely detected 

in human tissues and milk. The highest levels of ft-HCH and 

lindane in mothers milk have been reported in Japan and India 

(Jensen, 1983).

3.3 INDUSTRIAL CHEMICALS (PCBs)

The polychlorinated biphenyls (PCBs) are mixtures in which 

chlorine substitutions can occur at ten sites in the biphenyl 

molecule. Up to 210 isomers are assumed to be possible to form 

in a mixture. They are widely used in industry as plasticizers, 

insulators, heat exchange fluids and lubricants. As with 

chlorinated hydrocarbons, the PCBs are chemically stable and 

lipophilic and are therefore persistent in the environment and 

also tend to accumulate in food chains. They were first 

detected in fish and wildlife by Jensen (1966). Since then, 

their residues have been reported in human fat (Brevik et al., 

1978; Niessen et al., 1984; Ando et al ., 1985), in foods 

(Yakushiji et al., 1977; Fytianos et al., 1985) and in samples 

of human milk (Jensen, 1983; Kimbrough, 1987). PCBs contamina

tion are mainly found in industrial countries. Their occurrence 

in the environment in these countries presently seems to be at 

higher extent than chlorinated hydrocarbons.

3.4 TOXICOKINETICS OF ORGANOCHLORINE PESTICIDES
3.4.1 Absorption

The form in which the organochlorine pesticide occurs has a 

marked influence on its absorption, but all organochlorine
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pesticides can be absorbed through the skin, the respiratory 

system and through oral routes. Absorption by means of the 

respiratory system depends on the concentration of the compound 

(in gaseous form) in the inhaled air, and rapid absorbtion 

through the alveolar epithelium to plasma may occur. Most 

insecticides are in form of mists or dusts including aerosols. 

The particle size determines the degree of retention of the 

inhaled compounds at different levels of the respiratory 

system. Large particles precipitate in the nose, in the trachea 

and in the bronchi, from where they are transported by ciliary 

epithelium in the direction of the throat and then are usually 

swallowed. Absorption may then take place from the gastrointes

tinal tract and not from the respiratory system. Dermal absorp

tion is an important route of absorbing organochlorines into 

the body. Conditions, such as humidity of the skin, temperature 

and contact between clothing and skin also influence absorption

3.4.2 Distribution

After absorption the organochlorine compounds in the blood 

stream penetrate through the various lipid membranes by 

diffusion. Because of their high fat solubility they are 

distributed and concentrated in fat tissues throughout the 

body. Since the discovery of the environmental contamination 

with chlorinated compounds, DDT and its metabolite DDE have 

been detected in almost all the human samples studied.
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3.4.3 Storage depot/accumulation

The body tissues where these organochlorine pesticides are 

concentrated, are referred to as storage depots. The storage 

in subcutaneous fat may prevent high concentrations of these 

compounds in more vulnerable tissues. There is an equilibrium 

between the organochlorine substance in storage depot and the 

free substance in the plasma. When it is metabolized or excre

ted, more will be released from the storage site.

The tendency of the chlorinated insecticides to store in 

adipose tissue is determined by the rate of metabolism and 

subsequent excretion (Hayes, 198?). DDT and/or its metabolite 

DDE is stored in everyone studied unlike the cyclodienes. One 

of the highest reported levels of DDT in the fat of a healthy 

man (pesticide formulator) was 648 ppm (Laws et al., 1967). 

Storage levels of volunteers given daily dosages of 35 mg of 

DDT reached mean concentrations of 281 ppm after 21.5 months 

(Hayes Jr. et al., 1971). No volunteer complained of any 

symptoms or reported any adverse effects on health. Accumula

tion of these compounds which are resistant to metabolic 

degradation, such as DDT, aldrin and dieldrin, occurs as a 

result of chronic exposure to low level concentrations.

Exposure to these chemicals can be direct e.g. occupational 

exposure, or can be indirect through consumption of foods 

containing residues of these chemicals. Accumulation along a 

food chain has been investigated and it has been noted that 

such accumulation can be fatal to humans. Accumulation of these 

compounds is a potential danger since they can be mobilized, 

especially during starvation. Thus, their concentrations can 

reach toxic levels in the plasma.
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3.4.4 Excretion

Since the organochlorine substances are highly lipophilic, they 

are not easily excreted. They are eliminated from the body by 

various routes viz through the kidneys, the liver, the biliary 

system, the lungs, and by milk excretion, partly after metabo

lism to more water soluble compounds. DDA has been found to be 

the major urinary metabolite of p,p'-DDT and o,p'-DDT in all 

mammals including man (Morgan et al., 1974; Spindler, 1983). 

Urine, collected from workers whose DDT intake was 35 mg/man/- 

day, contained an average of 1.71 ppm DDA with a range from

0.12 to 7.56 ppm (Hayes, 1982).

Faecal excretion

Measurement of organochlorine loss through faecal excretion has 

not been achieved, perhaps because of formation of water-solubJe 

conjugates that are difficult to isolate and measure (Morgan 

et al., 1974), or they are not excreted to any important degree 

(Hayes, 1982). However, faecal excretion may include DDT 

remaining unabsorbed after ingestion as well as DDT and metabo

lites mobilized from storage.

In rats, faecal excretion of DDT exceeded the urinary 

excretion irrespective of the route of administration (Hayes, 
1982) .
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Excretion with milk

Excretion of organochlorine substances into milk is important 

because of the transfer of the contaminants from the mother to 

the nursing child. Similarly these contaminants are passed from 

cows to humans.

Milk contains 3-5% fat, and is therefore a good solvent 

for the organochlorines which are lipophilic and hence can 

concentrate in milk. Thus, milk becomes a major route of 

excreting these compounds as well as PCBs from the body.

Women exposed to organochlorines excrete more DDT than 

those without any known exposure (Winter et al., 1976; Stacey 

et al., 1985). The concentrations of organochlorine 

insecticides and PCBs in the rniik of women in various general 

populations have been reviewed by Jensen (1983) and Spindler 
(1983) .

3.4.5 Biological half-lives

After the organochlorine compounds are absorbed into the body, 

they are retained to some extent. The time the compound takes 

to decrease to half its original concentration is known as the 

biological half-life for that compound. The organochlorines, 

which are lipophilic and undergo only very slow biochemical 

conversion have long half-lives. These compounds are stored in 

adipose tissues and are slowly released into the plasma and the 

level is thus sustained over a long time. The extent of exposure 

and concentration, and the half-life of the compound will 

determine whether a substance will accumulate in the body.
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3.5 SOME TOXICOLOGICAL ASPECTS OF ORGANOCHLORINE PESTICIDES

3.5.1 Acute toxicity

Acute poisoning by organochlorine pesticides is encountered 

when these chemicals are ingested directly jn case of suicide 

or accidentally, or due to mishandling of the pesticides. All 

pesticides are poisonous but they vary enormously in their 

toxicity. The World Health Organization has classified 

pesticides according to their LD^, which is the lethal dose in 

milligrams per kilogram of body weight needed to kill 50% of 

the test animals. DDT which has been widely used, is termed 

moderately toxic whereas others like endrin and dieldrin are 

extremely hazardous. There are increasing numbers of pesticide 

poisoning reported in our local newspapers, but unfortunately 

there appears to be no official figures available on the total 

number of deaths caused by pesticides. Waiyaki et al. (1988)

report that there are at least two cases of pesticide poisoning 

daily at the Kenyatta National Hospital in Nairobi.

3.5.2 Chronic toxicity

Chronic toxicity occurs as a result of ingestion of small 

quantities of toxic chemicals over a long period of time 

leading to toxic concentrations and thus to symptoms of 

poisoning. Because of the chemical stability of the organo- 

chloiines, low level residues have been detected in the environ

ment and in particular foodstuffs. This has led to bioaccumu

lation in various organisms including man. Of particular 

interest is exposure of foetuses to organochlorines, as well as 

infants and young children, because of the vulnerability and 

immaturity of their developing biological system which makes 

them to be at a higher risk than adults.
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3.5.3 Effects on reproduction/teratogenic effects

The effects of the various organochlorines on reproduction 

seems to vary with the different species of test animals 

investigated (Hayes, 1982). This variation makes it difficult 

to extrapolate animal results to humans. The foetus may be more 

susceptible to a pollutant than the mother. The effects of 

these chemicals on the foetus vary from lethality to malforma

tions and retardation of growth. Thus, the effect on reproduc

tion is manifested on fertility, gestation, and on the offspring. 

DDT had been connected with abortion in humans and dairy 

cattle. However, no significant relationship was established 

(Hayes, 1982). Saxena et al. (1983) also found higher levels of

organochlorine insecticides in maternal blood, placenta, and 

umbilical-cord blood of stillborn cases than in liveborn cases. 

The results of animal experiments show aldrin/dieldrin and 

p ,p 1-DDT to be involved in stillbirth (Saxena et al., 1983).

Organochlorine chemicals, such as DDT, have been found to 

adversely influence the development of the foetus in experi

mental animals leading to malformation of the foetus (Hayes,

1982). The foetus depends on the maternal organism for growth 

and maintenance. The placenta acts as a partial barrier to the 

transfer of organochlorines from the mother to the foetus 

(Lewerenz, 1982). The type of effects the chemical have on the 

foetus depend on concentration and duration of the organochlo

rine exposure. The effects may be modified by other factors, 

such as dietary deficiency, age, viral infection etc.
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3.5.4 Carcinogenic effects

DDT and other organochlorine insecticides have caused marked 

changes in the livers of various test animals, e.g. rodents and 

mice, and these changes progress to tumour formation (Hayes, 

1982). Whether this also applies to humans, has not been 

undoubtedly confirmed.

3.5.5 Behavioral effects

When rats were fed DDT at levels too Jow to produce illness, 

ataxia in form of changes in gait was observed (Hayes, 1982). 

The animals were also less reactive to stress than normal ones.

The difference between DDT and its metabolites and other 

chlorinated organochlorine insecticides at toxic level, is that 

tremor is the first sign followed by convulsions while for 

aldrin, dieldrin, toxaphene, HCH etc., convulsion is the first 
sign.

The organochlorines have been demonstrated to stimulate 

the nervous system. The degree of stimulation is proportional 

to the concentration of the compound.

3.5.6 Enzyme induction

When insects are exposed to organochlorines, microsomal oxidase 

enzymes may be induced as an adaptive response. Thus, house

flies fed with sublethal levels of dieldrin or DDT develop
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increased levels of microsomal enzyme activity, so that they 

are capable of metabolizing not only the inducing insecticide, 

but those of chemically unrelated groups (Corbett, 1974) . 

Induction of the microsomal enzymes is valuable to the insect 

in that it is protected against the insecticide which it 

encounters at sublethal concentrations. This response is 

different from the one which leads to resistant strains. The 

latter one is an inheritance of the ability to avoid the 

harmful effects of the insecticide, possibly by degrading it 

and passing this capacity on to their offspring.

3.6 ENVIRONMENTAL ASPECTS OF ORGANOCHLORINE PESTICIDES

The introduction of chemical weapons e.g., the organochlorines 

against insects, has affected the surrounding environment due 

to the non-selective nature of these chemicals. The pollution 

of air, water and soil and its effects on other living 

organisms including man that coinhabit the environment, is a 

cause for concern, as these chemicals are gradually accumulated 

in the ecosystem. The way in which a pesticide degrades after 

application is significant for its potent effects on the 

environment. The organochlorines are slowly metabolized and 

some of the metabolites (e.g.DDE, a metabolite of DDT), are 

extremely resistant to further degradation. Furthermore, some 

metabolites are more toxic than the parent compound (dieldrin, 

which is a metabolite of aldrin), is more toxic than aldrin 

(O'Brien, 1967). In addition, the partition coefficient of 

these organochlorine insecticides in fat soluble substances 

relative to agueous media, is very high. Thus, they are concen

trated through food chains as they tend to partition into 

lipoidal biological materials j n increasing concentrations,
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reaching a potentially hazardous concentration at the top of 

the food chain. The impact the use of organochlorines have had 

on the environment in different parts of the world, has been 

documented by many researchers.

In Kenya residues of dieldrin were detected in the brain 

and liver of non-target wild animals in Lambwe valley after 

aerial spraying against tsetse f]ies (Allsopp, 1978). Lincer et 

al. , 1981) observed bioaccumulation of DDE in various lake food 

chains in lake Naivasha and Baringo in Kenya. Some people have 

complained of stomach problems after eating fish sold by 

vendors near Sagana bridge in Kenya. These fish are suspected 

to be contaminated with pesticide chemicals which are used in 

the surrounding coffee plantations which are drained eventually 

into the river (Waiyaki, personal communication). Although low 

levels of organochlorines has been reported in Kenyan environ

ment (Koeman et al., 1972; Wasserman et al., 1972; Maitho,

1978; Lincer et al., 1981), the use of these chemicals should 

be minimized not only because of their persistence in nature, 

but also because of insect resistance after prolonged use.

3.7 BENEFITS VERSUS RISKS OF ORGANOCHLORINE PESTICIDE USE

When using pesticides, benefits should always be weighed 

against risk of injury to human health and to contamination of 
the environment.

Loss of food crops to insects or other pests with increase 

in population would obviously lead to starvation. The use of 

pesticides in Kenya indicates an advantage in that there has 

been increased food production and improved health of the 

people. In malaria prone areas, the use of DDT has saved many
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lives (Spindler, 1983). This also applies to animals, especially

in the control of ticks. In some cases the use of pesticides

has made areas habitable and recreational places more comfortable.

On the other hand, pesticides of various types have been 

used indiscriminately endangering the very lives they were 

intended to protect. Cases of poisoning of birds, fish and 

wildlife have been reported. Furthermore, elimination of 

desirable species may lead to ecological imbalance in nature 

which may be more difficult to handle, e.g. the continuous 

emergence of resistant species. There is also rather large use 

of pesticides by individual home owners in Kenya against 

nuisance flies, mosquitoes, cockroaches etc. This indoor 

spraying could even be found to be more hazardous than outdoor 

spraying if investigated and reJated to chronic disorders which 
are never diagnosed.

The rational use of pesticides can be achieved through the 

Integrated Pest Management, which utilizes various techniques 

to control pests and only uses pesticides when necessary. In 

this way the dangers to human health and to the environment are 
minimized.

3.8 THE RATIONALE FOR ASSESSING HUMAN EXPOSURE TO PERSISTENT 

ORGANOCHLORINE PESTICIDES THROUGH MONITORING THEIR LEVELS IN 
BREAST MILK

The organochlorine compounds are lipophilic in nature and once 

absorbed into the human body they tend to store in adipose 

tissues. The levels of these compounds in blood, hair and urine 

are relatively low and, in some cases, not detectable. However, 

their high levels in adipose tissue and breast milk (which also
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constitutes about 3.5* fat) provides a tool of assessing their 

concentrations in the human body which reflects the human 

exposure. Furthermore, breast milk is the major vehicle for 

excretion of these substances in lactating women. Adipose 

tissue can be obtained during surgery or at autopsy. Continuous 

monitoring of these substances in human milk would provide data 

which would detect trends in levels of exposure, especially in 

countries where these compounds are still in use. In developed 

countries, such a body of monitoring data is available and the 

newly generated data do reflect the effects of banning or 

restricting the use of these substances in their countries. In 

addition to providing ci measure of the human exposure, the 

intake of the organochlorines by the breast-fed infant can be 

estimated.

3.9 THE RATIONALE FOR COLLECTING FOOD SAMPLES

All food crops grown are subject to attack by pests either in 

the field and/or in the store. The use of pesticides to protect 

foodstuffs from various pests have resulted in contamination of 

food with pesticide residues. Of particular interest are the 

organochlorine pesticides which are persistent in nature and 

have the ability to accumulate and concentrate in food chains. 

Small quantities of these residues ingested daily with food can 

build up to adverse high levels in the human body as they 

accumulate in adipose tissue. Food is thus considered to be the 

most important source of organochlorine compounds in the human 

body. Other sources like inhalation and absorption through the 

skin also contribute to the body burden. Foods, especially of 

animal origin, e.g. milk, milk products and meats, have been
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found to have the highest organochlorine pesticide concentra

tions. In addition to investigate the source of organochlorine 

pesticides in human body through ingested food, the data 

obtained would also demonstrate the environmental pollution by 

organochlorine compounds.

3.30 REVIEW OF ORGANOCHLORINE PESTICIDE RESIDUE STUDIES IN 

KENYA

Although the organochlorine pesticides have been used in Kenya 

for increased food production and vector control, the impact 

this has had on the environment has not been thoroughly investi

gated .

Kceman et al. (1972) studied the contamination of Rift 

Valley Lakes and found extremely low concentrations of DDT, DDE 

and dieldrin in the tissues of birds and fish collected in lake 

Nakuru. Lincer et al. (1981), found that African cormorants

(Phalacrocorax africanus) collected in 1970, contained approxi

mately eight to fifteen times as much DDE as the single white- 

necked cormorant (Phalacrocorax carbo) from the same lake.

The DDE level of a white pelican liver in 1970, was only half 

that found in same species in 1981, which indicates a possible 

increase of organochlorine contamination of the lake system. 

Other very low levels of DDE were detected in species in lakes 

Naivasha, Baringo and Elementaita. Greichus et al.(1978), also 

studied the contamination of lake Nakuru by organochlorines 

compound and found DDE, DDD, and dieldrin. The values were very 

low, although there was a slight increase from 1972 (Koeman et 

a_l. , 1972). The effect of dieldrin, sprayed by aerial applica

tion for tsetse fly control, on game animals was also investi
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gated by Allsop (1978) who reported that all tissues collected 

from the animals before and after spraying had low levels of 

HEOD (the active ingredient of dieldrin) and its photo-isomer 

(P1PD) . Organochlorine residues have also been detected in 

various food commodities. Maitho (1978) investigated the 

pesticide residues in animal products and found low levels 

(below the tolerance level) of p,p'-DDT, p,p'-DDE, lindane, 

aldrin, and dieldrin in milk and fat of cattle. High levels of 

DDT and dieldrin in eggs from Enibu District were detected in 

two consecutive studies by Kahunyo (1983) and Mugambi (1986). 

Residue analysis of food crops was initiated in the National 

Agricultural Laboratory at Kabete, but due to technical 

problems, the last analyses (not published) were performed in 

1978 (Mutai; Ngatia, personal communications). Wasserman et al. 

(1972) investigated the storage of organochlorine insecticides 

in the adipose tissue of people from Kenya and found DDT to be 

the main contaminant. P>-HCH, dieldrin and heptachlor epoxide 

were also detected. The interesting feature in this investiga

tion was the positive age association with DDT-derived material 

stored in the adipose tissue of the age groups investigated. No 

further work has been done to investigate the extent of human 

exposure with the continued use of the organochlorine pesti

cides .

3.11 REVIEW OF PUBLISHED DATA ON ORGANOCHLORINE PESTICIDE IN 

HUMAN MILK

The benefit derived from breastfeeding both by the neonate and 

the mother cannot be overemphasized, but the finding that 

mother's milk can be contaminated by chemicals represent a 

problem. The first investigation of human milk contamination
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with organochlorine compounds was done by Laug et al. (1951),

who found that milk from normal and healthy black American 

women contained considerable amount of the organochlorine 

insecticide DDT. Since then, many other investigations on human 

milk contamination have been reported from various countries 

(Jensen, 1983; Spindler, 1983; Slorach & Vaz, 1983). The idea 

behind these investigations is to elucidate the infant burden 

of these chemicals from nursing. Most contaminants found in 

human miJk are fat soluble substances which are mainly detected 

in the fatty phase of the milk. DDT and its main metabolite DDE 

has been detected in almost every human milk sample analysed, 

but the PCBs have been mainly detected in human milk from 

industrialized countries. Other organochlorines that have been 

found are dieldrin, hexachlorobenzene (HCB), hexachlorocyclo- 

hexanes (HCH), heptachlor epoxide, aldrin and heptachlor 
(Jensen, 1983).

In many developed countries, organochlorines in human milk have 

markedly decreased during the last 20 years, due to restriction 
or ban of the use of these chemicals.

Table 3.1 shows the residues of sum DDT in human milk 

reported from various countries.
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Table 3.1 MEAN/MEDIAN LEVELS OF SUM DDT (mg/kg fat) IN HUMAN

MILK FROM DIFFERENT COUNTRIES

Country No of % p,p'-DDT p,p'-DDE SumDDT DDT Ref.

samples fat DDE

Sweden 41 0.21 1.3 1.5 0.16 Hofvander

et al., 

(1981)

Denmark 57 0.11 1.04 0.11 Anderson 

et al., 

(1984)

Norway 133 2.0

36 2.6

1.27 1.44

0.82

Skaare, 

(1981) 

Skaare e_t 

al. (1988)

U.K 102 2.7 0.11 1.6 0.07 Jensen, 

(1983)

Germany

374 1.75/1.26 Jensen, 

(1983)

Japan 0.21 1.5 1.88 0.14 Slorach

& Vaz,

(1983)
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U.S.A.

(22 states)

Belgium

Hungary

Poland

Turkey

Israel

Iran

China

<0.10 1.6 1.88 Slorach

& Vaz 

(1983)

20 2.64 0.35 1.59 1.94 0.22 Warnez 

et al. 

(1983)

0.52 2.97 3.55 0.18 Jensen 

(1983)

163

1.20 8.7 9.98

3.2 0.65 4.61 5.84

0 . 1 4

0.14 Karakaya 

et al. 

(1987)

15 0.66 1.25 3.94 0.53 Miller 

et al. 

(1979)

3.3 1.01 1.13 2.88 0.89 H.Tonka- 

bony et 

al.(1977)

1.8 4.4 6.71 0.41 Slorach 

& Vaz

(1983)
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India 1.2 4.8 6.55 0.25 Slorach

& Vaz 

(1983)

Nigeria 44 2.79 2.37 1.33 3.83 0.56 Atuma

e t al. 

(1987)

Rwanda 75 3-13 1.68 2.36 4.16 0.71 Warnez

et al.

(1983)
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Tables 3.2-3.6 shows the residues of the other organochlorines 
from various countries (mean expressed as mg/kg fat).

Table 3.2 MEAN LEVELS OF DI.ELDRIN (mg/kg fat) IN HUMAN MILK 

FROM DIFFERENT COUNTRIES

Country No of Percent Dieldrin Reference

samples fat

_____________ (% positive)__________________________________________
Sweden

Uppsala 1978-9 18 4.4 0.018 Hofvander et al.

(3 month group) (1981)

Uppsala 1978-9 

( 6 month group)

U.K. 1979-80

Germany 1979 

(FRG)

Japan 1977 

(Osaka)

Israel 1975

Iraq (Baghdad)

Iran

23 4.0

102 2.7

374

15

50 (66%) 

131 (36%)

0.016

0.08/0.07

0.06/0.04

0.052

0.47

0.030(whole mi

0.33

fl

Jensen (1983)

II  IV

II II

Miller et al.

(1979) 

AL-Omar et. 

al. (1985) 

H.Tonkabony

et al.(1976)
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Country No of Percent Aldrin Reference

samples fat

_______ (% Positive)____________________________________________

Table 3.3 MEAN LEVELS OF ALDRIN (mg/kg fat) IN HUMAN MILK FROM

DIFFERENT COUNTRIES

Italy 1975 30(20%)

(Milani)

2.6 0.04 Jensen

(1983)

Spain 1979 

(Urban area) 24 0.004 Jensen(1983)

India

Lucknow 1979 25 0.03

(whole milk)

(Jensen 1983 

Siddiqui e_t 

al. (1981)

Iraq

Baghdad 50 (68%) 0.017

(whole milk)

Al-Omar e_t 

al. (1985)
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Country No of Percent Heptaehlor/ Reference

Table 3.4 MEAN LEVELS OF HEPTACHLOR AND HEPTACHI.OR EPOXIDE

(mg/kg fat) IN HUMAN MILK FROM DIFFERENT COUNTRIES

samples fat 

(% Positive)

heptaehlor epoxide

Spain 45 2.51 Jensen(1983)

Switzerland 

Basel 1971 50 0.07 Jensen(1983)

Canada 147 2.7 

1967-8

0.13

Guatemala 

rural area 46 0.004 (whole milk) deCanipos et
1971 al. (1979)

Mexico 1975 620 0.01 Jensen(1983)

U.S.A 1975 1436(61%) 0.09

Japan 1979 33 0.0005 "

Germany 1979 374 0.014/1.008

Mexico 1976 0.01

Israel/ 0.46 Miller et

al.(1979)



49

Table 3.5 MEAN LEVELS OF HCH-ISOMERS (mg/kg fat) IN HUMAN MILK

FROM DIFFERENT COUNTRIES

Country No o f  ot-HCH (3-HCH -̂IICII Reference

________________samples______________________________

Sweden

Uppsala 1978-9 18

(3 month group)
0.006 0.065 0.003 Hofvander 

et al. 

(1981)

Uppsala 1978-9 23

(6 month group)
0.006 0.084 0.003

U.K. 102 0.22 0.03 Jensen

(1983)

Germany 1979 374 0.068 0.45 0.05

Israel 15 0.73 Miller et 

al. (1979)

Copenhagen(Denmark) 0.19 Jensen

(1983)

Czechoslovakia 0.15 0.50 0.35

Norway 0.08 Skaare et

al.(1988)



Japan (Osaka) 40

50

4.83 Yakushi j i 

et al.

(1977)

Iran 0.24 H.Tonkabony

et al. 

(1977)

Turkey o . o i a 1.02a < o . o i a Karakaya 

et al. 

(1987)

Rwanda (rural) 

(Urban)

0.04 0.22

0.07

Warnez et: 

al. (1983)

Nigeria(Benin) 35 0.04 0.47 0.05 Atuma e_t 

al.(1986)

Nigeria (Bendel) 44 0.015 0.610 0.087 Atuma e_t

al.(1987)

amedian
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Table 3.6 MEAN LEVELS OF HEXACHLOROBFNZENE (mg/kg fat) IN HUMAN

MILK FROM DIFFERENT COUNTRIES

Country No of HCB

_________________samples__________

Reference

Nigeria(Bendel) 44

Niyeria(Benin) 35

Mexico 1976 620

Hawaii 1979-80 50

Japan 1979 38

Denmark 1982 57

Norway 1979 183

U.K. 102

West Germany ca.2000

0.020 Atuma et al.(1987)

0.10 Atuma et al.(1986)

0.03 (median) Jensen (1983)

0.04 Jensen (1983)

2.5(median) Jensen (1983)

0.13 Anderson et al.

(1984)

0.13 Skaare (1981)

0.14 Jensen (1983)

0.72 Anderson et al.

(1984)

Sweden (Uppsala 1978-9)

(3 month group) 18 0.098

6 month group) 23 0.11

Hofvander et al. 

(1981)
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3.12 LEVELS OF ORGANOCHLORINE PESTICIDES IN HUMAN MILK IN 

RELATION TO DIETARY HABITS OF THE MOTHERS

The residues of organochlorine pesticides in foodstuffs contri

bute to the contamination of the human body by these lipophilic 

substances. The food of animal origin may contain high levels 

due to biomagnification through the food chain. If good agri

cultural practice is not observed, high residues of organochlo

rine pesticides on harvested or stored food crops may through 

ingestion lead to high levels in fat depots of the human body.

In Sweden the major non-occupational source of the organo- 

chlorines studied is probably the diet, especially certain 

foodstuffs of animal origin, such as fish from inland waters 

and the Baltic sea (Hofvander et al., 1981). Noren (1983) 

studied the levels of organochlorine pesticides and PCBs in 

milk from mothers with different dietary habits and found 

lowest mean levels of DDT, ^-HCH, dieldrin, and PCBs in milk- 

fat from lacto-vegetarians, and the highest levels in milk from

mothers who regularly ate fatty fish. The vegetarian women who
%

consume food low in the food chain, were also reported to have 

had lower levels of p,p'-DDT, dieldrin, /3-HCH, p,p'-DDE, 

heptachlor epoxide and oxychlordane (Jensen, 1983).

Siddiqui et al., (1985), demonstrated that non-vegetarian

mothers excreted relatively higher amounts of chlorinated 

pesticides through the placenta compared with vegetarian. 

Yakushiji et al., (1977) found no correlation between the

concentration of organochlorines in mother's milk and the 

corresponding concentrations in the favorite foods of the
mother.
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There are many other factors that affect the levels of 

organochlorine contaminants in the human body and the milk fat. 

Bradt et al. (1976) demonstrated that non-smokers had lower

levels of DDT in their milk than mothers who smoke.

3.13 RELATIONSHIP BETWEEN ORGANOCHLORINE PESTICIDE RESIDUE 

LEVELS IN MATERNAL ADIPOSE TISSUE, BLOOD AND MILK, AND INFANT 

BLOOD

Many of the organochlorines, such as the DDT group of com

pounds, the cyclodienes and the PCBs, transfer from the mother 

to the fetus through the placenta and depending on their 

concentrations can have toxj.c effects on the fetus. However, 

because they are lipid soluble they tend to store in fat 

tissues and, as mentioned earlier this storage, removes the 

compound from critical reactive sites in the nervous system 

responsible for acute toxic effects (Murphy, 1980) . Several 

investigators have reported the presence of organochlorine 

residues in placental tissue, cord blood, and maternal blood 

and discussed the relationship to corresponding residues found 

in body fat. Ando et al., (1985) found a significant correla

tion between IICB concentration in the placenta and I1CB 

concentration in maternal blood and milk (r=0.668, r=0.736), 

and a significant linear correlation between HCB concentration 

in placenta and that in cord blood (r=0.549). Investigations by 

Saxena et al., (1983) also showed a significant correlation for

total HCH, lindane, p,p'-DDE and p,p'-DDT between maternal 

blood and placenta, and also a significant correlation between 

maternal blood and umbilical cord blood for the insecticides, 

aldrin and p,p'-DDT. The presence of organochlorines in the



54

placental tissue, and the finding of higher concentration of 

these compounds in maternaJ blood than in cord blood specimens 

(Saxena et al.y 1981), indicate partial transfer of such 

compounds to the foetus. Mothers age has been found to influence 

the accumulcttion of organochlor.ines in circulating blood and 

its subsequent transfer to the foetus (Saxena et al., 1981).

The evidence concerning the placental passage of TCBs is 

somewhat contradictory, and the relationship between PCB 

concentrations in maternal and cord blood has been found to 

differ for each PCB congener (Skaare et al., 1988).

3.14 REVIEW OF PUBLISHED DATA ON METHODS OF ANALYSING 

ORGANOCHLORINE PESTICIDES IN BIOLOGICAL MATERIALS

The determination of different pesticides in the soil, water, 

food and biological samples require analytical methods of high 

sensitivity and accuracy. The analysis for pesticide residues 

is often complicated by the fact that the spray history is 

often not known. Many pesticide residue analytical methods 

have been used in various laboratories. The choice of the 
method may be based on applicability to a wide range of pesti

cides, and commodities, speed, cost, availability of reagents 

and equipment etc.

Many of the fat extraction procedures from the sample 

matrix for the analysis of organochlorines involve the partition 

between two solvent system, e.g. acetonitrile, dimethyl sulpho- 

xide, or dimethylformamide and hexane or light petroleum. The 

extract obtained from methods available in 1965 usually
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contained too much residual fat, which rapidly contaminated the 

chromatographic column and the detector (Nor§n et al., 1968) . 

Nor£n et al. , (1968) modified the diinethylformamide-hexane

partition of the pesticides and the fat by adding water to the 

diinethylformamide to diminish the extraction of fat and 

obtained high recoveries of j^-HCH, lindane, heptachlor, 

heptachlor epoxide, dieldrin, and DDT group of compounds. 

However, the method was not suitable for aldrin. Multiresidue 
extraction procedures have been developed and tested in 

interlaboratory collaborative studies. These methods are 

contained in the Journal of Association of Official Analytical 

Chemists (JAOAC). These methods need continuous revision with 

the development and use of the pesticides. Before the identifi

cation of the compounds, column chromatographic separation of 

the coextractives is necessary to eliminate possible interfe

rences, and prevent the contamination of the column and the 

detector. Thin layer chromatography (TLC) have been employed 

tor general clean-up, for qualitative identification, and for 

semiquantitative estimation of pesticides.

There are also several chromogenic spray reagents for TLC, 

e.g. silver nitrate, which have been reported in the literature 

(Getz, 1980). The different classes of pesticides have been 

identified by their values and colour. Gas liquid chromato

graphy (GLC), which was introduced by James and Martin in 1952, 

is the most widely used technique for measuring pesticide 

residues (Mcnair et al., 1969). The development in instrumen

tation techniques, such as glass capillary columns and 

selective detectors, have made it possible to assess the 

residue levels of the chlorinated pesticides in the environment
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and their effects on the ecosystem. Most of the organochlorine 

analysis utilise the electron capture detector (ECU) , either 

63Ni or 3H, which respond selectively to compounds with high 

electronegativity. For confirmation of the identity of the 

pesticide residue in environmental samples, mass spectrometer 

(MS) when combined with GI.C have been successfully utilized and 

found to be an ideal technique for residue analysis. However, 

its use in routine work is limited by cost, maintenance, and 

availability of the instrument. Chemical derivatization before 

glc analysis has been used as a confirmation technique. The use 

of high performance liquid chromatography (HPLC) for pesticide 

residue analysis has also been investigated.

Table 3.7 shows some of the published data on methods of 

analyzing organochlorine compounds in biological materials.

Table 3.7 METHODS OF ANALYZING ORGANOCHLORINE PESTICIDES IN 

BIOLOGICAL MATERIALS

specimen solvent clean-up Identifi- Ref.

extraction cation

vegetable oils 8% water/dimethy1- alumina TLC/GLC Nor§n et 

margarine formamide/hexane al.(1968)

butter

milk 1. Potassium oxalatet

ethanol; ethyl ether/ 

light petroleum

2. Water/dimethyl- " "

formamide

-hexane
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fish

egg

meat

milk, oils 

fat

ethanol/water 

ethyl ether/light 

petroleum 

water/dimethy1-

formamide "

-hexane

acetonitrile/hexane Florisil GLC
ii ••

gieen vegetables • activated " 

charcoal

fl

Kaphalia 

et al., 

(1985)

animal tissue acetone/petroleum Florisil GLC Allsopp

FCD (1978)

human blood hexane (ultrasonic GLC MacCuiag
treatment) ECD (1976)

i

bird/fish Petroleum ether/ partially GLC Koeman
tissue soxhlet extraction deactivated ECD et al.

alumina (1972)

chickenfat hexane/dimethyl Florisil GLC Kahunyo
formamide ECD et al.

(1986)



food samples acetonitri]e/

milk,oils,fats "

green vegetables "
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F]orisi1/

placenta 

tissue and 

human milk

adipose

tissue

human fat

adipose

tissue

human milk

human miik

or H2S04 GLC/ 

activated ECD 

charcoal

Kaphalia 

et al. 

(1985)

formic acid/ IÎ SÔ

hexane
GLC/ Siddiqui

ECD et al.

(1985)

Petrol ether Florisi1 GLC/ Wasser-
ECD man et

al.(1972)

Hot hexane gel perme

ation

GLC-MS Van Dyk 

et al.

(1987)

Petroleum ether 

soxhlet/hexane

20%CH2Cl2/hexane 

hexane/aceton- 

itrile

HPLC/ Nielsen 

silica gel et al.

(1984)

Florisil GLC/ Stacey

ECD,TLC et al. 

Alumina (1985) 

(AgNo3)

acetonitrile/ Florisil GLC/

hexane ECD
Winter 

et al.

(1976)
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human milk ethanol/diethyl

ether/petrol 

ether

human milk dimethyl

formamide

Florisil GLC/ Adamovic
ECD et al.

(1978)

alumina GLC/ Warnez
ECD et al.

(1983)
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CHAPTER FOUR

MATERIALS AND METHODS

4.1 EQUIPMENT

4.1.1 Gas chromatographic equipment 

Gas chromatographs:

All samples were run on a Packard gas chromatograph, model DX 
32362 series 428, equipped with a Ni electron capture 

detector and a packed glass column, 2m x 4mm i.d., (Packard 

Becker B.V., Amsterdam, The Netherlands). Nitrogen, white spot, 

was used as carrier gas (East Africa Oxygen Co.,Ltd., Nairobi, 

Kenya). Gas-clean oxygen and moisture filters were used to 

clean the gas (Chrompack Co., Middelsburg, The Netlier lands) .

The recorder used was Packard, Model 621 (Packard Becker B.V., 

Amsterdam, The Netherlands).

For confirmatory purposes and for interlaboratory analyti

cal quality assurance testing purposes spiked cow milk samples 

as well as human milk samples were analyzed at The Norwegian 

Veterinary College, Department of Pharmacology and Toxicology, 

Oslo, Norway on 2 gas chromatographs: A Varian gas chromato

graph, model 3700 (Varian instrument devision, Walnut Creek, 

California, USA), and a Carlo Erba gas chromatograph, model

2350 (Carlo Erba strumentazione, Milano, Italy), both equipped 
6 3with Ni electron capture detectors and packed gJass columns,

1.5m x 2mm i.d. Nitrogen, 99.9% purity, was used as carrier 

gas (Norsk Hydro, Oslo, Norway) , and the gas was cleaned using 

filters as in Kenya.
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Gas chromatographic column packing materials:

In Kenya the following packing materials were used: 1.5% OV - 

17 + 1.95% OV-210 on Supelcoport 100/120 mesh and 4% SE-30 + 6% 

OV-210 on Supelcoport 100/120 mesh (Supelco Inc., Rellefonte, 

Pennsylvania, USA).

In Norway the following packing materials were used: 1.5% 

SP-2250 + 1.95% SP-2401 on Supelcoport 100/120 mesh and 1.5%

OV-1 + 1.5% OV-225 on Supelcoport 80/100 mesh (Supelco.Inc. , 

Rellefonte, Pennsylvania, USA).

4.1.2 Other equipment

Equipment Description Supplier

Vacuum pump Air compressor 850 Corning Ltd. 

Halstead Essex, 

England.
Water jet pump Gallenkamp PxY 290 Gallenkamp & Co.Ltd, 

Technico Hse,London, 

England.
Microsyringe 10 ul, with 2" 

long needle
S.G.E. PTY Ltd. 

Melbourne,Australia
SMI microlpetter SMI digital adjust 

micro petter
Scientific Manufac

turing Industries, 

Emeryville, 

California, USA.

Carlsberg pipettes 

Pasteur pipettes

lOOul, lOOOul John Poulten Ltd. 

Essex, England.

Centrifuge Gallenkamp Gallenkamp & Co.Ltd. 

London, England.
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Ultrasonic

disintegrator

Balances

Water bath

Pestle and Mortars

Septa

Glass wool

Liquid dispenser 

Waring blender 

Whirl mixer

Glassware: 

Sampling bottles 

Centrifuge tubes

Cell disruptor 

sonicator

Sartorius

Tecam thermostated

chromsep septa(Red) 

No 10036

silane treated

sucorex dispenser

Heat Systems 

Ultrasonic Inc., 

Plainsview,New York, 

USA.

Sartorius-werke, 

Goettingen, West 

Germany.

Techne Cambridge 

Ltd., England.

Chrcmpack Co, 

Middelburg,

The Netherlands.

Supelco, Inc. 

Bellefonte, 

Pennsylvania, USA

Moulinex, France 

Lab-linc Instruments 

Melrose Park, Cali

fornia, USA.

100ml, 40ml, 25ml, 7.4 ml 

15ml, 50 ml
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Extraction columns Custom-made 

Volumetric flasks 100ml, lOul

4.2 CHEMICALS

Chemical Brand name/Grade

Hexane Analytical Reagent

Acetone "

Methanol Laboratory

Sulphuric Acid Analytical

Potassium Hydroxide "

Diethyl ether "

Sodium chloride "

Magnesium sulphate "

Sodium sulphate "

Sand Acid washed

Snoop liquid leak

detector

CPM standard

4.3 ANALYTICAL METHODS

4.3.1 Cleaning of the glassware

Supplier 

May & Baker 

Dagenham, England
VI

Merck, Darmstadt, 

West Germany

Howse & Me George 

Nairobi, Kenya 

Supelco Inc.,

Nupro company, 

Willoughby, Ohio,USA 

Supelco Inc., 

Bellefonte,Pennsyl

vania, USA

All the glassware used in this study were scrupulously 

cleaned to avoid the presence of extraneous peaks resulting
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from contamination. The following procedure in cleaning the 

glassware was used:

a) After removing the residues (if any) the glassware was 

rinsed with acetone.

b) Soaked in hot water plus detergent.

c) Rinsed in distilled water.

d) Rinsed with redistilled acetone and dried at 150 °C.

e) Rinsed just before using with the same solvent to be used in 

the analysis.

No plastics or fats were used in equipment for pesticide and 

PCB analysis.

4.3.2 Distillation of solvents

Hexane, acetone, and methanol were redistilled once or twice in 

an all-glass fractionating column equipped with a water cooled 

condenser. Glass beads were used in the distillation flask to 

prevent the solvents from super-heating. The rate of distilla

tion was controlled to avoid co-distillation of the impurities. 

The initial 200ml of the distillate and about 400ml of the last 

portion of the solvent in the distillation flask were discarded. 

The initial portion serves to rinse the fractionating column 

and condenser while any impurities present in the solvent are 

more concentrated in the last portion.

4.3.3 Solvent purity check 

Hexane

10ml of the redistilled hexane was concentrated twenty times 

to 0.5ml. 2-5 ul of this was injected into the gas chromato

graph (GLC). If no peaks were observed then the hexane distil-
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late was suitabJe for pesticide analysis. If peaks of concern 

appeared then the redistillation was repeated.

Acetone and methanol

10ml of acetone or methanol were added to 5ml of redistilled 

hexane in a separatory funnel and shaken. To separate the two 

fractions 2ml of 2% sodium chloride were added and shaken. The 

hexane layer was taken out and concentrated to 0.5ml. This was 

checked in the GLC as above.

Cleaning of sulphuric acid

500ml sulphuric acid was added to 100ml redistilled hexane in a 

separatory funnel and shaken. The hexane layer was discarded 

and the cleaning repeated three times. 10ml of hexane was taken 

from the third rinse and concentrated to 1ml and tested by GLC.

Alkaline solution

Alkaline solution for base cleanup was prepared by dissolving 

lOg KOH/NaOH in methanol to 100ml volume.

This solution was also tested for possible contamination 

by washing a small volume with redistilled n-hexane and 

injecting the n-hexane wash into the GLC.

4.3.4 Preparation of standard solution 

Stock solution

The CPM standard mixture obtained from "Supelco,S .A." is 

specifically made and tested for pesticide residue analysis.
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The mixture contains thirteen organochlorine compounds in 

microgram concentrations supplied in a 1ml ampoule. This was 

emptied and rinsed with hexane into a 10ml volumetric flask, 

and the volume made up to 10ml. This was stored as the stock 

solution. 1ml of this solution was measured into another 10ml 

flask and volume made up to the mark using hexane. This gave a 

dilution of 1:100. All working standards were prepared from 

this dilution. The standards were kept in the refrigerator. The 

working standard was always taken out a few minutes before 

injection to attain the room temperature as other samples to be 

injected. Due to solvent evaporation, working standards were 

regularly prepared and checked against the initial chromato

grams obtained after new preparation of the standards. Dates 

of preparation and dilution factors were noted on the bottle 
labels.

4.3.5 Preparation of gas chromatographic columns

The columns were cleaned according to the instructions given by 

Supina (1974) which involved treating the column with 5% 

dimethyldichlorosilane in toluene to seal any active site in 

the column, washing with acetone followed by methanol. The 

column was then oven dried at 150 °C for about 2 hours.

Packing columns

Prepared packing materials obtained from "Supelco S.A." were 

used to fill the column. The outlet end of the column was 

plugged with a small wad of silanized glass wool and then 

connected to the vacuum source. A funnel was attached to the 

inlet end of the column and the packing was added very slowly.
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The column was tapped or vibrated gently while the packing was 
added.

Column conditioning

Each column used was conditioned while it was installed in the 

injection port only, to avoid the detector being contaminated 

during the conditioning process. At a constant flow rate of 

about 40ml/min the oven was temperature programmed at 2°C/min 

to 240°C and held at this temperature over night. After 

cooling, the detector end was connected. The conditioning 

process gets rid of the volatile impurities, which would 

otherwise interfere with good separation giving rise to tailing 

of the peaks (column bleed).

4.3.6 Resolution and linearity of the gas liquid chromatograph

The resolution of the GLC was checked by injecting 2-5 ul of 

1:1000 dilution CPM standard and comparing the resulting 

elution pattern with those supplied by Supelco Inc. 

(Manufacturers of the CPM standard used). The linearity was 

checked by injecting different volumes of diluted CPM standard 

into the GLC and plotting a graph of concentration against peak 

heights. A straight line graph confirmed linearity.

4.3.7 Pesticide identification, quantitation and confirmation

From the chromatograms obtained, the retention times of the 

peaks in the sample chromatogram were compared to the retention 

times of corresponding peaks in standard chiomatograms. The 

peak heights were measured and related to the peak heights in 

the standard and the concentration of the compound of interest 

was calculated according to the formula:
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v/m ’ h/h * C ’ 1000 = result in ng/g (ppb) on fresh weights s
basis .

v = total extract volume (ml)

m = fresh weight of the sample (g)

h = peak height of the compound in sample (mm)

hg= peak height of the compound in the standard (mm)

cg= concentration of standard (ng/ul)

Confirmation of the identified pesticides in the sample was 
done by use of a different column of different polarity from 

the one that was used for the analysis. This was necessary to 

avoid identification of a contaminant peak as a pesticide peak.

4.4 ANALYTICAL QUALITY ASSURANCE (AQA)

In order to have valid and reliable data there was a need to 

check on the quality assurance of the method. There were two 

ways of looking into this:

1) The intralaboratory and 2) the interlaboratory quality 
assurance.

4.4.1 Intralaboratory AQA testing on human milk

This was designed to provide frequent internal check on our 

laboratory performance and the analytical method used. This 

involved working through the method within the laboratory by 

regular repetitive analysis of fortified samples.
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Cows miJk spiked with CPM mixture standard was used. 

Fortification Jevels chosen were within the range of the actual 

levels likely to be found in human milk. The cow's milk to be 

used was first checked and found to contain very low residues, 

if any. Analysis of fortified cow's miJk were repeated until 

acceptable data on recovery, reproducibility, sensitivity and 

linearity of the method were obtained.

Pieparation and hand1ing of spiked samples

About 500 ml of cow's milk was prepared and homogenized using 

ultrasonic disintegrator. This was divided into two portions. 

One portion was spiked with 200 ul of 1:10 dilution CPM 

standard added to 220g cow's milk. The other portion was kept 

as control. Aliquots of lOg were measured into precleaned 

bottles with teflon lining and stored in a freezer. These were 

analysed at regular intervals during the monitoring phase and 

their chromatograms compared with the initial chromatograms. 

This was to check on the performance level as well as the 

reproduceability of the analytical procedure at any time.

The spiking levels were 0.005, 0.009 and 0.020 mg p,p'-DDE 

/kg milk.

4.4.2 Interlaboratory AQA testing WHO/UNEP samples

In order to evaluate the performance of our laboratory and to 

enable us to compare our results internationally, spiked milk 

samples were exchanged between our laboratory and a similar 

laboratory in Norway. We also received fortified milk samples 

from Sweden which were part of an ongoing WHO/UNEP pilot 

project on assessment of human exposure to pollutants through
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biological monitoring. These fortified milk samples were being 

used to test the performance of the participating laboratories. 

The participating laboratories were to be evaluated on the 

basis of their analytical results which were sent to the 

coordinating laboratory in Sweden (WHO/UNEP 1979).

Preparation of the samples

Samples from Norway had been prepared similarly to the 

intralaboratory AQA test samples made in Kenya (see p 69).

Samples from Sweden

These samples consisted of spiked or unspiked homogenized milk 

samples prepared from butter fat, skimmed cow's milk powder and 

water (Slorach and Vaz 1983). They were prepared in batches of 

10-25 litres at a dairy pilot plant, heat sterilized and stored 

under refrigeration.

The fat content of the skimmed milk powder was 0.05% and 

the residue levels of orgariochlorine compounds found in the 
powder were below the limits of detection.

The organochlorine compounds (OC) of interest were 

dissolved in about 10 ml isooctane, and this solution was 

gently swirled for 1 hour with a weighed amount (about 500g) of 

butter fat held at 40 °C. Skimmed milk powder and water were 

mixed, and the mixture was allowed to stand overnight at 8 °C. 

The amount of fat necessary to prepare a batch of milk with a 

specified fat content was weighed out after warming the fat/OC 

mixture to about 50 °C. The mixture was then homogenized for 1 

minute with an equal volume of skimmed milk heated at 50°C. The 

resulting suspension was then poured into the remainder of the 

skimmed milk at 50 C under continuous stirring. The spiked
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milk so prepared was then pasteurised at 75 °C for 15 seconds, 

homogenized (120-40 kp/cm^) and cooled at 8 °C. The first 1.5 1 

of the homogenate were discarded and the remainder was 

collected in a container kept at 8 °C. The milk was stirred and 

transferred to 100 ml glass bottles. The bottles were sealed 

with butyl rubber caps (tested to ensure no contamination of 

the sample), held in place by aluminium closures.

The unspiked samples were prepared in an analogous manner 
using pure iso-octane in place of the solution of OCs in 
isooctane.

The unspiked and spiked cow's milk samples were sterilized 
in the following way. The temperature was raised from 20 °C to 

120 °C for 15 minutes. It was then lowered to 80 °C during 3 

minutes and held at this temperature for a further 3 minutes. 

Finally, the temperature was decreased to 20 °C during a period 
of 20 minutes.

The samples were stored at 4 °C prior to dispatch to the 
laboratories.

Handling of the samples

Once the samples were received in the laboratory, they were 

immediately stored at 4 °C until analysis. At the time of 

analysis, the milk sample in the bottle was homogenized using 

ultrasonic disintegrator for about 5 minutes. Then 10 ml 

aliquots were measured for extraction.

4.5 ANALYTICAL PROCEDURE FOR DETERMINATION OF ORGANOCHLORINE 
PESTICIDES IN MILK SAMPLES

Extraction, clean-up, and analysis of milk samples were carried 

out according to a method described by Brevik (1978) slightly
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modified. 15 ml of acetone and 20 ml of hexane were added to 10 

g of human milk. These were then homogenized using ultrasonic 

disintegrator for 5 minutes. The sample was then centrifuged at 

2000 rpm for 5 minutes. The hexane layer was removed using a 

teat pipette immediately after centrifugation and transferred 

to a 15 ml centrifuge tube. The tube was then placed in a water 

bath at 40 °C and the evaporation process started under a 

steady current of nitrogen gas. 5 ml acetone and 10 ml hexane 

were added to the remainder of the centrifugate and the extrac

tion process was repeated. The pipetted hexane layer was added 
to the centrifuge tube in the water bath and the evaporation 

process continued to a final volume of about 2 ml. This was 

then transferred to a graduated 10 ml centrifuge tube which has 

been weighed beforehand. The 15 ml centrifuge tube was rinsed 3 

times with 2 ml hexane. The hexane was then evaporated to 

determine the fat content.

The fat was redissolved in hexane such that the final 

concentration was 0.05 g fat/ml hexane.

Two aliquots of the hexane extracts were cleaned by acid 
and base treatment, respectively.

4.5.1 Clean up 

Acid cleanup

To 1 ml of the hexane extract was added 1.5 ml cone, sulphuric 

acid. After mixing using a swirl mixer, it was stoppered and 

allowed to stand for 1 hour at room temperature. The sample was 

centrifuged for 1 min. The hexane layer was removed and trans

ferred to a sample bottle ready for GLC analysis.



73

Base cleanup

1 ml of the hexane extract was evaporated and 1.5 ml 10% 

potassium hydroxide in methanol was added to the residue. After 

mixing, the sample was stoppered and placed on a water-bath at 

40 °C and allowed to stand overnight. 3 ml of 2% sodium 

chloride solution and 1.0 ml hexane were added to the sample 

and mixed. After sentrifugation for 1 min. the hexane layer was 

removed into a sample bottle ready for GLC analysis.

4.5.2 Identification, quantitation and confirmation

The identification and quantitation was carried out using a

Varian model 3700, a Carlo Erba model 2350, and a Packard model

DX 12362-Series 428 gas liquid chromatographs with the

following instrument parameters and operating conditions:
6 3Detectors: Ni electron capture

Columns : glass length 1.5 m i.d. 2 mm (2 columns)

length 2 m  i.d. 4 mm

Packing material: a) 1.5% SP-2250 + 1.95% SP-2401

on supelcoport 100/120 mesh.

b ) 1.5% OV-1 + 1.5% OV-225 on 

supelcoport 80/100 mesh.

c) 4% SE-30 + 6% SP-2401 on 

supelcoport 100/120 mesh.

Column temperature:a)210 °C

b) temperature programme 190 °C (1 min) 
to 230 °C, 5 °C/min.

c) 205 °C
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\Nitrogen

a) 30 ml/niin

b) 60 ml/min

c) 30 ml/min

Injection volume: 2-5 ul.

No isolation of PCBs from DDT compounds was made prior to GLC 

analysis because the levels of PCBs were such that they did not 

interfere with the analysis of other OC compounds. The organo- 

chlorine compounds were identified by analysing both acid and 

alkali-treated hexane fractions on one of the GLC columns and 

comparing the retention times of the OC components in the 

sample with those of the standards. The quantitation was 

achieved by measuring the corresponding peak heights of both 

the sample compounds and the standards. The confirmation of the 

identified peaks was done by use of a different column, which 

eluted the various OC components with slightly different 

retention times. In this study 4% SE-30 + 6% SP-2401 column was 

used for confirmation purposes while the other column 1.5% 

SP-2250 + 1.95% SP-2401 was used for analysis.

4.6 CRITERIA FOR EVALUATION OF RESULTS

In the UNEP/WHO project on the assessment of human Exposure to 

Pollutants Through Biological Monitoring (Report of a consulta

tion on organochlorine compounds 1980), the following criteria 

were adopted for evaluating pesticide recoveries from spiked 
human milk.

^  = percentage deviation from spike concentration (calculated 

as 100 x reported value/spike concentration - 100)
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= + 10 excellent 

= + 20 good 

= + 30 acceptable 

= +_ 4 0 poor 

= + 50 unacceptable

In the present study the same criterion was adopted.

4.7 EVALUATION OF RESULTS

Evaluation by the coordinating laboratory of our laboratory 
perlormance was helpful in decision to proceed with the 
analysis of our samples.

4.8 TEST FOR PRESERVATION OF HUMAN MILK WITH FORMALIN

Freezing is one common technique used for preservation of 

samples but is not always possible under field conditions. When 
analysing for organochlorine compounds in samples, proper 

preservation is necessary to prevent possible metabolism of the 

compounds. The human milk samples collected from different 
areas in Kenya required immediate preservation before transpor

tation to the laboratory. The main objective of this test was 

to find out if formalin used in the preservation of milk 

samples interferred with the analysis. The test was carried out 
according to the following procedure.

4.8.1 Preparation of the samples:

About 500 ml of cow's milk was prepared, homogenized and 

divided into two portions. The first portion of the milk was 

treated as given in the tabJe below. The second portion of the 

milk was similarly treated, but was first spiked with a CPM
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standard containing thirteen organochlorine compounds and 

homogenized before dividing. 50ul formalin per lOg miik was 

used for preservation.

Table 4.1 Milk preservation treatment for organochlorine 

analysis.

Preservation Time of analys is

Method Fresh After After After

2 days 8 days 2 weeks

None A - B -

Formalin C - D -

Frozen - E - F

Formalin-Frozen — G — H
Treatment A, B, C and D samples were from the same batch of

homogenized milk. E, F, G and H were from another batch of

homogenized milk, and after preparation they were kept in a

freezer at -20 °C until analyses.

Treatment A, B, C and D samples were held at room
temperature until ana lysis.

4.8.2 Extraction

The methods for extraction of the samples, cleanup and the GLC

analyses was given in section 4.5.
/

4.9 ANALYTICAL PROCEDURE FOR DETERMINATION OF ORGANOCHLORINE 

PESTICIDES IN FOOD SAMPLES

Although this method had been established in the Kenyan labora

tory previous to the present study (Mugambi, 1986), the effici

ency of extraction was first tested by extracting food samples 

fortified with organochlorine pesticides.
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4.9.1 Preparation of samples
The food samples were homogenized using waring blender and put 

in prewashed glass containers.

Preparation of the spiked samples. 3g of the homogenized food 

sample was transferred to a mortar and spiked with 50ul of CTM 

standard dilution 1:10 and mixed. The following food samples 

were spiked and analysed: fish, maize flour and carrots.

4.9.2 Extraction and cleanup

3g of the homogenized sample was weighed into a mortar. 4.5g of 

anhydrous sodium sulphate and 4.5g of acid washed sand were 

added. The mixture was ground to a free flowing powder. 4g of 

the powder were weighed into a disposable extraction column 

(custom-made) containing a small wad of hexane-washed cotton 

wool. The column was mounted on a stand and the sides tapped 

gently to obtain a uniform packing. Diethyl ether was added to 

cover the material, and the column left standing for 15 

minutes. The ether was then eluted into a 25 ml centrifuge 

tube. Small volumes of ether were added until 10-15 ml of ether 

was eluted. The eluent was centrifuged for 10 minutes at 75 rpm 

and then decanted into another clean and pre-weighed 15 ml 

centrifuge tube, which then was placed in a water bath at 40 

°C. Following evaporation of the ether under a stream of 

nitrogen, the tube was weighed to determine the fat content.

The fat was redissolved in hexane to give a concentration 

of 0.05g fat/ml hexane and aliquots of the hexane extracts were 

treated with concentrated sulphuric acid and methanolic potas
sium hydroxide, respectively.
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4.9.3 Gas chromatographic analysis

An aliquot of 2-5 ul of the acid and base cleanup extracts were 

injected into the GLC. Carrier gas: N? 60 ml/min.

Identification, quantitation and confirmation was done according 
to section 4.5.2.

4.10 FREQUENCY OF ANALYSING INTRALABORATORY AQA SAMPLES

There is need to check on the continuous level of performance 
within a laboratory because of the following changes:

a) New solvents from different suppliers.
b) GL.C sensitivity.

c) Calibration of the equipment and ether inherent changes.

Due to these changes it was necessary to run intra-labora

tory AQA samples regularly or whenever a new batch of samples 
was to be analyzed.

4.11 RESULTS AND DISCUSSION

4.11.1 Solvents and reagents used

In residue analysis, purity of solvents and reagents is of 

paramount importance because the electron capture detection 

mode senses any electron-capturing materials in the injection 

media, whether they are pesticides or contaminants. The conta

minants may have retention characteristics as those of the 

pesticide on a particular column and therefore lead to erroneous 

interpretation of the chromatogram. The concentration of the 

solvent (during testing) to the same factor as used in the 

analytical procedure, helps to detect very low concentrations 

of the contaminants which also concentrate during analysis.
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Milk fat is present as globules. The interior of the globule 
consists essentially of triglycerides whilst the outer membrane 

contains phospholipids, vitamin A and other components (Brevik, 

1978). The addition of acetone to the milk during fat extraction 

and the homogenisation process using ultrasonic disintegrator, 

helps to break the membrane so that, hexane can penetrate 

through to the triglyceride phase.

4.11.2 Interlaboratory analytical quality assurance (AQA)

The interlaboratory studies are important in that they help to 

check and approve of the analytiocil method and the performance 

of the laboratory as compared to other laboratories. The first 

attempt was to compare the results of milk samples analysed in 

our laboratory to those obtained in a laboratory in Norway, 

which was also using a similar analytical procedure. The 

results are shown in table 4.2, which demonstrates acceptable 

results from both laboratories. The small variation in the 

results was due to inhomogenity of the samples before distribu
tion .

The resuJts from WHO/UNEP samples are shown in table 4.3. 

The results obtained in our laboratory agree well with the 

expected values (results from Sweden). As described in the 

method of preparation, these samples were well homogenized 

before distribution to various laboratories. Our results 

therefore demonstrate acceptable analytical performance.
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4.11.3 Intralaboratory analytical quality assurance (AQA)

In addition to the interlaboratory AQA tests, the intralabora

tory AQA tests were performed in order to prevent or control 

the onset of ar.y analytical problem and to detect them quickly 

when they arise. In this way the reliability of the results is 

sustained or improved throughout the study.

Milk samples

The results of average percentage recoveries of oC-HCH, 

lindane, J3> -HCH, heptachlor, aldrin, heptachlor epoxide, 

p ,p '-DDE, dieldrin, o,p'-DDD, endrin, o,p'-DDT, p,p'-DDD and 

p , p '-DDT from fortified cow's milk are presented in tables 4.4, 

4.5, and 4.6. The fortification levels were within the range of 

levels which were likely to be found in the actual samples. The 

same evaluation criteria as that used in the WHO/UNEP samples 

was also applied to the intralaboratory AQA samples. The 

results show that all the organochlorine pesticides were well 

recovered, the best score seem to be from the lowest spiking 

level (Table 4.4). However, heptachlor and aldrin tended to be 

poorly recovered (Table 4.4 and 4.6, respectively). The reason 

for this could be that either they do not dissolve well in 

acetone or hexane or are partially metabolized during the 

cleanup procedure. Inhomogeneity of the fortified samples could 

also contribute to the low recoveries. In addition, through 

experience it was found that samples which were spiked with 

standards dissolved in hexane gave low recoveries. The 

recoveries were improved when using the more polar solvents 

acetone or methanol when preparing standards for spiking 
samples.
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Food samples

All the organochlorine pesticides were well recovered from fish 

samples (Tables 4.7 and 4.8). Aldrin had an average recovery of 

68% at 0.020 ug/g spiking level which, according to WHO/UNEP 

evaluation criteria, was poor. Mugambi (1986) obtained high 

recoveries of aldrin from spiked eggs and feedstuffs by this 

method, however, he used isooctane instead of hexane.

Acceptable recoveries of lindane, p -HCH, heptachlor, 

p ,p '-DDE, o ,p '-DDD, o ,p '-DDT, p,p'-DDD and p ,p 'DDT were 

obtained from spiked maize flour samples (Table 4.9) and tomato 

samples (Table 4.10), but the recoveries of d - t p -HCH, lindane 

and heptachlor, were poor from carrot samples (Table 4.11), but 

this could be duevto low spiking levels.

4.11.4 Preservation of samples

The results of the effect of formalin preservation on the 

pesticide recoveries shown in tables 4.12a, 4.12b, 4.13a and 

4.13b. Table 4.11a and 4.11b compares the results of samples 

treated according to treatment A,B,C,D. The formalin treatment 

tend to give slightly lower recoveries of the organochlorine 

pesticides added than the no-formalin treatment though this is 

not definitive. The reason for the variation could be due to 

inhomogenization of the samples during preparation.

Table 4.13b shows a comparison of results of samples 

treated according to treatment E,G,F and H, and includes a one 

week treatment too. It is interesting to note that in this case 

the formalin treatment together with keeping the samples frozen 

until analysed tend to give higher recoveries of most of the 

organochlorine pesticides investigated than freezing alone.
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However, one feature seems to be common to both treatments, 

there was a decrease of levels in all the compounds between 2 

days and 1 week regardless of preservation method. Wiemeyer et 

al. (1984) found loss of DDE residues in blood samples which

had been frozen compared to samples preserved with formalin and 

then kept frozen. Our results do not seem to favour formalin 

preservation alone.

4.11.5 Clean-up

During the extraction process, the fat is extracted together 

with other contaminants. It is therefore necessary to separate 

the compounds of interest from other coextractives. This is 

necessary in order to lower the detection limit and prevent 

contamination of column and detector. Acid and base clean up 

was used for this purpose.

Acid clean-up

Cleaned and tested for purity, concentrated sulphuric acid was 

used. Clean extracts were obtained, which were well demonstrated 

by gas chromatography of acid-cleaned samples.

During this process aldrin, heptachlor epoxide and endrin 

are metabolized, and thus are not recovered in this cleanup.

Base clean-up

Sodium or potassium hydroxide dissolved in 10% methanol and 

tested for purity was used. The base clean-up was found to be 

inadequate especially in samples with high fat content.

Injection of base-cleaned extracts into the GLC led to gradual 

contamination of the column and detector. To minimize this 

problem, extracts were diluted to a concentration of 0.05g
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fat/ml. High recoveries of aldrin, heptachlor epoxide, 

dieldrin, and endrin were obtained as shown in the tables 

4.4-4.13.

In base clean-up, DDT is converted to DDE.

4.11.6 FCBs

No isolation of TCBs from the DDT compounds was made prior to 

GLC analysis. The quantitation of PCBs and DDT compounds was 

achieved by comparing the acid and base clean-up chromatograms. 

The different PCB isomers and congeners a]] survive both acid 

and base clean-up. Following acid clean-up one PCB peak 

overlaps the p,p'-DDT, however, in base clean-up the p,p'-DDT 

is degraded to p,p'-DDE, and the peak appearing at the 

retention time of p,p'-DDT is a PCB isomer. In samples where 

both PCB and p,p'-DDT were present, the p,p'-DDT peak was 

obtained by subtracting the peak appearing after base clean-up 

(PCB peak) from the peak appearing after acid clean-up 
(i.e .p ,p '-DDT peak + PCB peak).

4.11.7 Detection limits

The detection Jimits for organochlorines in milk using these 

methods were about 1 ppb for the DDT group and about 2 ppb for 

the other organochlorines.

4.12 CONCLUSION

The results demonstrate that the recoveries of the various 

pesticides through the analytical method was within the accept

able limits ranging between 70-115% for milk; 70-123% for fish 

samples; 58-116% for tomato samples and 83-104% for maize flour
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Choice of the methods

The methods used in this study were found to be suitable 

because they could be applied to a wide range of OC pesticides 

and samples. Mugainbi (1986) evaluated the efficiency and cost 

of the present method used for food analysis and compared it to 

the previous method in the laboratory. He found the present 

method to be more efficient, cheaper and more samples could be 

analysed per unit time. An attempt to use a promising steam 

distillation method (multi-residue), which was studied by Njogu 

(1981), was initially curtailed by lack of water in the 

laboratory. However, both methods would be alternatively used 

successfully in the laboratory.

PCBs were not detected in Kenyan samples and therefore the 

problem of separating PCBs from other OCs did not arise.

samples. Also the reproduceabj 1 jty of the method was good with

standard deviation generally within ±20% for 30 parallel milk

samples.
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Table 4.2 Interlaboratory analytical quality assurance (AQA).
%

Comparison of levels (mg/kg) of organochlor.ine pesticides in 

parallel spiked cow's milk samples analyzed in Norway and Kenya

HCB P/P' -DDE PCBs
Sample %Fat whole milk whole milk whole milk
no. milk fat milk fat milk fat

2°/21 a 2,9 2.8 0.1 22.0 0.77 24.6 0.85
b 3.0 1.8 0.06 17.0 0.57 11.0 0.36

2 9/3 0 a 1-1 1.4 0.13 6.3 0.6 8.2 0.79
b 0.9 1.1 0.12 5.2 0.6 6.1 0.66

a. Results from Norway

b. Results from Kenya
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TabJe 4.3 Inter laboratory analytical quality assurance (AQA).

Levels (mg/kg) of organochlorine pesticides in spiked cow' s

milk samples provided by WHO/UNEP Sweden.

Sample no. % Fat (3-HCH P 'P '"DDE p,p'-DDT PCB
3A 2.7

j ■

4 A 2.8

3B 2.6 0.60 1.57 0.63 2.0
(2.5) (0.50) (1.5) (0.50) (2.0)

3C 2.5 0.64 1 .76 0.15 2.2
(2.5) (0.60) (2.0) (0.66) (2.5)

4B 2.7 0.87 2.7 0.84 1.9
(2.7) (0.8) (3.0) (0.81 (2.2)

Results are expressed as means of 4 parallel analysis. Swedish 
levels are listed in parentheses.
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Table 4.4 Recoveries of organochlorine pesticides from spiked 

cow's milk.

Pesticide mg/kg 
added

% Recovery ± A Evaluation

06-HCH 0.001 79 -21 A

Lindane 0.001 75 -25 A

J3-HCH 0.005 89 -11 G
Heptachlor 0.001 51 -49 P
Aldrin 0.003 101 + 1 E
Hept.epoxide 0.004 70 -30 A
p , p '-DDE 0.005 77 -23 A
Dieldrin 0.006 112 ±12 G
0 ,p'-DDD 0.010 78 -22 A
Endrin 0.010 94 - 6 E
O,p'-DDT 0.011 76 -24 A
p,p'-DDD 0.010 86 -14 G
p,p'-DDT 0.013 78 -22 A

Recovery results are expressed as means of 10 parallel analysis 

± percentage deviation (±̂ ) from spiked concentration, 

a : UNEP/WHO Criteria for evaluation of results (1980)

E = Excellent (±10% of spiked amount)

G = Good (±20%)

A = Acceptable (±30%)

P = Poor (±40%)

U = Unacceptable (±50%)
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Table 4.5 

cow's milk.

Recoveries of organochlorine pesticides from
»

Compound mg/kg
added

% Recovery ± A Evaluation

ot-HCH 0.002 91 - 9 E

Lindane 0.002 95 - 5 E

p-HCH 0.009 89 -11 G

Heptachlor 0.002 89 -11 G

Aldrin 0.005 110 + 10 E

Hept.epoxide 0.007 83 -17 G
p,p' -DD 0.009 103 + 3 E
Dieldrin 0.011 115 + 15 G
o , p '-DDD 0.018 94 - 6 E
Endrin 0.018 81 -19 G
o,p'-DDT 0.020 81 -19 G
p,p'-DDD 0.017 102 + 2 E
p,p'-DDT 0.024 86 -14 G
HCB 0.010 76 -24 A
PCB 0.060 91 - 9 E

Recovery results are expressed as means of 10 parallel analysis 

± percentage deviation (±d) spiked concentration, 

a : UNEP/WHO Criteria for evaluation of results (1980)

E = Excellent (±10% of spiked amount)

G — Good (±20%)

A = Acceptable (±30%)

P = Poor (±40%)

U = Unacceptable (±50%)
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Table 4.6 Recoveries of orqanochloride pesticides from spiked

cow's milk.

Compound mg/kg % Recovery ± A Evaluation3

added

o^-HCH 0.005 88 -12 G
Lindane 0.005 85 -15 G
p-HCH 0.020 97 - 3 E

Ueptachlcr 0.005 71 -29 A
Aldrin 0.010 49 -51 U
Ilept. epoxide 0.016 84 -16 G
p ,p '-DDE 0.020 99 - 1 E
Dieldrj n 0.024 105 + 5 E
o ,p '-DDD 0.040 96 - 4 E
Endrin 0.040 97 - 3 E
o ,p '-DDT 0.045 82 -18 G
p,p'-DDD 0.038 111 + 11 G
p,p'-DDT 0.052 84 -16 G

Recovery results are expressed as means of 10 parallel analysis
+ percentage deviation (±A) from spiked concentration.
a : UNEP/WHO Criteria for evaluation of results (1980)
E = Excellent (±10% of spiked amount)
G = Good (±20%)

A = Acceptable (±30%)

P = Poor (±40%)

U = Unacceptable (+50%)
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Table 4.7 

fish.

Recoveries of organocli lorine pesticides from spiked

Compound mg/kg
added

% Recovery ± A Evaluation8

oi-HCH 0.004 76 -24 A
Lindane 0.004 81 -19 G
J3-HCH 0.017 84 -16 G
Heptachlor 0.004 100 0 E
Aldrin 0.010 74 -26 A
Hept.epoxide 0.013 70 -30 A
p / p-DDE 0.017 104 + 4 E
Dieldrin 0.020 76 -24 A
o ,p '-DDD 0.033 100 0 E
Endrin 0.033 116 + 16 G
o ,p'-DDT 0.038 105 + 5 E
p ,p '-DDD 0.032 115 + 15 G
p,p'-DDT 0.043 104 + 4 E

Recovery results are expressed as means of 6 parallel analysis 

± percentage deviation (±A) from added concentration.
a : UNEF/WHO Criteria for evaluation of
E = Excellent (±10% of spiked amount)
G = Good (±20%)
A = Acceptable (±30%)
P = Poor (±40%)
U = Unacceptable (±50%)
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Table 4.8 Recoveries of organochlorine pesticides from spiked 
fish.

Compound mg/kg

added
% Recovery ±A Evaluation

06-HCH 0.008 101 + 1 * E
Lindane 0.008 99 - 1 E
J3-HCH 0.033 108 + 8 E
Heptachlor 0.008 102 + 2 E
Aldrin 0.020 68 -32 P
Hept.epoxide 0.027 71 -29 A
p,p'-DDE 0.033 108 + 8 E
Dieldrin 0.040 81 -19 G
o,p'-DDD 0.067 110 + 10 G
Endrin 0.067 100 0 E
o,p'-DDT 0.075 113 + 13 G
p ,p '-DDD 0.063 123 + 23 A
p,p'-DDT 0.087 112 + 12 G

Recovery results are expressed as means of 6 parallel analysis 

+ percentage deviation (±A) from added concentration, 

a: UNEP/WHO Criteria for evaluation of results (1980)
E =Excellent 

G =Good 

A =Acceptable 

P =Poor

U Unacceptable

(±10% of spiked amount) 
(±20%)

(±30%)

(±40%)

(±50%)
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Table 4.9 Recoveries of organochlori ne pesticides from sp
maize flour.

Pesticide mg/kg
added

% Recovery ± A Evaluation9

0.003 101 + 1 E
Lindane 0.003 102 + 2 E
p-HCH 0.011 96 - 4 E
Heptachlor 0.003 83 -17 G
p,p'-DDE 0.011 96 - 4 E
o ,p '-DDD 0.021 93 - 7 E
o,p '-DDT 0.024 98 - 2 E
p, p '-DDD 0.020 98 - 2 E
p,p '-DDT 0.28 104 + 4 E

Recovery results are expressed as means of 4 parallel analyi
± percentage deviation (+A) from spiked concentration.
a : UNEP/WHO Criteria for evaluation of results (1980)
E = Excellent (±10% of spiked amount)
G = Good (±20%)
A = Acceptable (±30%)

P = Poor (±40%) •

U = Unacceptable (±50%)
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Table 4.10 Recoveries of organcchlorine pesticides from
tomatoes.

Pesticide mg/kg % Recovery +A Evaluat
added

o£ -HCH 0.03 58 -42 P
I.indane 0.01 88 -12 G
jS-HCH 0.03 116 + 16 G
Heptachlor 0.01 87 -13 G
Aldrin 0.02 58 -42 P
Hept.epoxide 0.03 87 -13 G
p,p'-DDE 0.01 88 -12 G
Dieldrin 0.04 80 -20 G
Endrin 0.07 77 -23 A
o ,p'-DDD 0.07 72 -28 A
o,p'-DDT 0.08 70 -30 A
p , p '-DDD 0.06 80 -20 G
p /p '-DDT . 0.09 79 -31 A

Recovery results are expressed as means of 3 parallel analysis 

± percentage deviation (±A) from added concentration, 

a : UNEP/WHO Criteria for evaluation of results (1980)

E = Excellent (+10% of spiked amount)
G = Good . (±20%)

A = Acceptable (+30%)

P = Poor (±40%)

U = Unacceptable (±50%)
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Table 4.11 Recoveries ol oiganochlorine pesticides from 

spiked carrots.

Pesticide mg/kg
added

% Recovery + A Evaluation3

ot-HCII 0.04 39 -61 U
Lindane oo 42 -58 U
J3-HCH 0.17 50 -50 U
Heptachlor 0.04 51 -49 P
Aldrin 0.10 73 -27 A
Hept.epoxide 0.13 92 - 8 E
p,p'-DDE 0.17 89 -11 G
Dieldrin 0.20 89 -11 G
o ,p '-DDD 0.33 76 -24 A
Endrin 0.33 62 -38 P
o,p '-DDT 0.38 77 -23 A
p,p'-DDD 0.32 79 -21 A
p,p '-DDT 0.43 79 -21 A

Recovery results are expressed as means of 4 parallel analysis
i

± percentage deviation (±Z\) from spiked concentration, 

a : UNEP/WHO Criteria for evaluation of results (1980)

E = Excellent (±10% of spiked amount)
G = Good (±20%)

A = Acceptable (±30%)

P = Poor (±40%)

U = Unacceptable (±50%)

(
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Table 4 .12a Influence of means of preservation and storage on

the levels (mg/kg) of organochlor.ine pesticides i n  mother's

milk.

Preservation Time of analysis following collection

method________________ f r e s h _______________8 days

p, p ?-DDE

None 93.02 91.42

Formalin 85.53 89.52

p ,p 1-DPT

None 51.87 48.48

Formalin 45.70 53.03

Results are expressed as means of two parallel samples.
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Table 4.12b Influence of means of preservation and storage on

the recoveries of organochlorine pesticides from spiked cow's

milk.

%Recovery

Preservation Time of analysis following collection

method fresh 8 days

c^-HCH

None 98 102

Formalin 96 94

Lindane

None IOC 99

Formalin 102 99

P> -HCH

None 144 147

Formalin 140 147

Heptachlor

None 90 87
Formalin 75 58

p,p'-DDE
None 98 88
Formalin 118 77

o ,p '-DDD

None 99 103
Formalin 82 74

None 107 110
formalin 94 98

P ,P '-DDT
None 70 96
formalin 65 64

Results are expressed as means of two parallel samples.
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Table 4.13a Influence of means of preservation and storage on

the levels (mg/kg) of organochlorine pesticides in mother's

inilk.

Preservation Time of analysis following collection

method__________________________  2 days____ 1 week 2 weeks

Frozen

Formalin-frozen 

Frozen

Formalin-frozen 

Frozen

Formalin-frozen 

Frozen

Formal in-frozen

Lindane

0.17

0.25

fi -HCH

4.28 

5.35

p , p '-DDE

50.59 

65.90 

p, p'-DDT

28.28 

37.84

0.17 0.17

0.26 0.22

4.66 4.21

5.20 4.21

51.65 54.14

67.26 54.43

28.43 28.67

39.60 28.70

Results are expressed as means of two parallel samples
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____________________________ % Recovery___________________________

Preservation Time o f analysis following collection

method _________________  2 days____ 1 week______ 2 weeks

06-IICH

4.13b Influence of means of preservation and storage on the

recoveries of organochlorine pesticides from spiked cow's milk.

Frozen 88 83 81
Forma 1in-frozen 109 99 76

Lindane
Frozen 88 78 88
Forma 1in-frozen 105 86 81

(3 -IlCH
Frozen

J
85 74 77

Formalin-frozen 84 69 68

Heptachlor
Frozen 75 65 50
Formalin-frozen 87 77 39

p ,p '-DDE
Frozen 136 119 116
Formalin-frozen 191 135 99

0,p '-DDD
Frozen 96 95 84
Formalin-frozen 111 110 67

p ,p '-DDT
Frozen 104 94 76
Formalin-frozen 82 103 60

p,p'-DDD
Frozen 105 104 94
Formalin frozen 126 116 79

Pesults nrn expressed as means of f v.-o parallel samples.
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CHAPTER FIVE

ORGANOCHLORINE PESTICIDES IN MOTHERS MILK IN KENYA

5.1 INTRODUCTION

The increasing use of pesticides, mainly insecticides, 

fungicides and herbicides, in agriculture and public health 

creates conditions that expose the users to these chemicals. 

Some of these pesticides are known to persist for long periods 

in the environment exposing the entire population to some 

degree of chemical toxicity. The risk is greater to those 

involved in application with little or no knowledge of safe use 

of pesticides. Pesticide residues in human milk were first 

reported in 1951 by Laug et al., who found that the milk from 

normal and healthy black American women contained considerable 

amounts of the organochlorine insecticide DDT. Since then, DDT 

and related organochlorine pesticides have been found in human 

milk throughout the world (Jensen, 1983, Slorach and Vaz,

1983). Pesticide residues in milk have a special significance 

in that newborn and infants are involved since milk constitutes 

for them, for a certain time, almost the sole source of 

nourishment, hence the importance of assessing the levels of 

these residues in human milk cannot be overemphasized. Such 

studies have also been used to assess the levels of environ

mental pollution by organochlorines in different areas within 

or between countries.

The intention of this study was to generate reliable data 

on the contamination levels of organochlorine pesticides in
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human milk collected from selected Kenyan mothers living in 

different areas of Kenya.

5.2 MATERIALS

Eight Kenyan rural areas with varied climatic conditions were 

selected for the study. These were Karatina, Embu, Meru,

Nanyuki,Loitokitok, Rusinga Island, Homa Bay and Turkana. The 

mothers represented various tribes having different conditions 
with regard to agricultural activities and dietary habits.

5.2.1 Description of sampling areas

Figure 1 shows the areas from where the milk samples were 

collected.

RUSINGA ISLAND

2This island in Lake Victoria is about 45 km and have about 

12.000 inhabitants. There is a short stretch of dry road 

connecting it to the mainland at Mbita point. Fishing combined 

with small-scale farming is the major occupation of the 

inhabitants. Most farmers grow one crop per annum only, and the 

major food crop is millet. Some farmers keep local cows. Other 

food crops like maize, sorghum, groundnuts, beans, green 

grams, cassava, potatoes, sweet potatoes, cow peas, sugarcane 

and other vegetables are grown mostly for the farmer's own 

consumption. Sunflower and tobacco are grown on a small scale.

According to the residents of Rusinga Island, pesticides 

were not used in the agriculture; however, some mothers 

indicated use of commercial insecticidal sprays in their homes.
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At Mbita, pesticides were used including the organochlorines 

DDT, lindane and dieldrin. It was reported that DDT had been used 

intensively in the region up to 1981. DDT was also used in the 

tsetse-fly control from 1965 to 1967. Fish together with maize 

flour and kale were the major foods consumed daily. The milk 

samples were collected immediately following a crop failure due 

to prolonged drought. The nutritional and health status of the 

mothers were poor.

LOITOKITOK (KAJIADO DISTRICT)

Kajiado district covers an area of about 572,400 ha which is 

primarily a ranching area with little arable land. Agriculture 

is possible only on a limited area on the foot hills of mount 

Kilimanjaro and the economic activities are mainly concentrated 

on livestock. The population in the 1979 census was 149,000 

people. The mothers milk samples were collected from nomads 

keeping cattle, sheep and goats. The staple foods of the 

mothers were milk, blood and meat. The nutritional and health 

condition of the mothers were poor.

NANYUK1 (LAIKIPIA DISTRICT)

Laikipia district extends from the North-eastern part of the 

Aberdares mountains to the Western part of mount Kenya, 

covering an area of 971,500 ha. According to the 1979 census 

nearly 135,000 people lived in the area, which consists mainly 

of a semiarid grassland formerly inhabited by a Masai sub-tribe. 

Other tribes have now moved in recently buying ranches coopera

tively or just as squatters. The ranches have been subdivided 

into individual small holdings whose owners practice mixed
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farming. Food crops such as maize, potatoes, beans, onions, 

tomatoes and other vegetables are grown. Dairy cows are also 

kept. Most of the food grown is consumed within the distiict. 

Milk samples were collected from both farmers and nomads. The 

nutritional status of the mother engaged in farming was fair. 

Due to the recent drought, the diet of the nomadic people had 

constituted mainly of yellow maize imported from the USA, in 

addition to milk and meat. The nutritional and health status of 

the nomadic mothers were poor.

TURKANA DISTRICT

Turkana district is in the northern part of the Rift Valley

Province. This is mainly a dry aiea with very little agricul-
2tural potential. Jt covers an area of 61768 km' with only

142,702 people according to the 1979 census giving a population
2density of 2 people per km . The milk samples were collected 

from exnomads now settled in an irrigation scheme in Katilu 

area. The scheme covers an area of approximately 2 km', with 

about 10,000 inhabitants living in 3 different villages within 

the area. Up to February 1984, cotton was the main crop. 

Thereafter cotton was replaced by food crops like maize, 

millet, sorghum, lemon, kale, tomatoes and aubergines, mostly 

for sale. From the information obtained, DDT was used extensi

vely in the cotton growing and also when planting sorghum. 

Aldrin was used against termites. Due to drought in the region 

during the last 3-4 years, food, mostly maize, was imported 

from Kitale. Normally, staple foods would be milk, goat meat, 

maize flour and beans. The mothers were all both malnourished 
and undernourished.
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HOMABAY (SOUTH NYANZA DISTRICT)

South Nyanza district covers an area of 5714 km . The 

population according to the 1979 census was 817*601 people. The 

inhabitants were engaged in fishing, keeping cattle, goats and 

poultry and small scale crop farming. Cotton was grown as a 

cash crop, and other crops included sorghum, maize, millet, 

ground nuts, kale, beans and sunflower. The organochlorine 

pesticides used in this region included aldrin, chlordane, DDT, 

dieldrin and lindane. DDT was extensively used in cotton 

growing, but has now been replaced with cypermethrin.

The mothers milk samples were collected from the marginal 

cotton zone. The staple food of the mothers was fish, maizemeal 

and green vegetables. The condition of the mothers was fair.

KARATINA (NYERI DISTRICT)

Nyeri district is located on the western slopes of mount Kenya. 

The 1979 census showed that Nyeri is densely populated with 

486,000 people on a total rural area of 201,000 ha (3284 km^) 

of which 158.900 ha (79%) is productive area. Mostly, people 

rely on agriculture for their income. The major cash crops 

grown are tea, coffee and pyrethrum, which provide the economic 

basis for the people and are also very important for the 

national economy. Other food crops grown include peas, cabbages, 

lettuce, potatoes, carrots, tomatoes, maize, beans, pyrethrum, 

bananas, sweet potatoes, onion, sunflower, arrow root and other 

vegetables and fruits. The staple food of the mothers is maize, 

beans and vegetables. The nutritional and health status of 

women was generally good. Dairy cows also provide milk which is 

another major source of income. All farmers use fertilizer and

2
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practice crop protection. All food produced is consumed within 

the district.

The mothers milk samples were collected from the following 

regions around Karatina (main town).

a) Tea - Dairy zone

b) Coffee - Tea zone

c) Main coffee zone

d) Forest zone (No cash crop area) .

MERU DISTRICT

Meru district is on the south-eastern slopes of mount Kenya and

it is one of the largest agricultural districts in Kenya
2covering an area of 9922 km'. The population in 1975 was 

830,279 people, of whom approximately 90% lived in the rural 

agricultural area. The agricultural area statistically 

available per household was 3.9 ha. The major cash crops within 

the area sampled were coffee, tea, cotton, tobacco, millet and 

livestock. The major and minor food crops are similar to those 

grown in Embu district. Most of the food produced is consumed 

in the district, but some crops like potatoes and cereals were 

sold to neighbouring districts. Farmers also keep dairy cows 

and poultry. Fertilizing and plant protection are widely 

practised. Generally, people used a lot of insecticides, the 

common ones being DDT, lindane and aldrin. Other 

organophosphorus compounds were used. The mothers milk and food 

samples were collected from the following regions.

a) North Imenti Division - Coffe, tea, cotton.

b) South Imenti Division - Coffee, tea, pyrethrum.

c) Nithi Division - Coffee.
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d) Tharaka Division - Cotton, millet, livestock.

The staple food of the mothers is maize, beans and vege

tables. The nutritional status of the mothers was good.

EMBU DISTRICT

Embu district is one of the smallest districts of the Eastern
2Province and measures about 256,000 ha (2714 km ). According to 

the 1979 census, more than 260,000 people lived in the Embu 

district. One third of the district is productive area with an 

average individual holding of 2.2 ha. The major cash crops 

within the district are coffee, tea, sunflower, cotton, tobacco, 

while the major food crops are maize, beans, potatoes, bananas, 

sweet potatoes, cow peas, green grams, sorghum, millet and a 

wide varities of fruits and vegetables, among them mangoes, 

passion fruit, avocados, pawpaws, citrus and tomatoes. Minor 

food crops include cassava, arrow-roots, yams and pigeon peas. 

Dairy cattJe and poultry were also kept by some farmers for 

milk and egg production. About 60-80% of food harvested is 

consumed within the district. The distribution of pesticide 

used varied in the different agroecological zones from where 

the milk samples were collected. Among the different pesticides 

used were DDT, lindane, dieldrin and the organophosphorus type 
of pesticides.

The milk and food samples were collected from the 
following regions.

a) Runyenjes division

b) Gachoka

c) Siakago
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The stable food of the mothers is similar to those in Meru 

and Nyeri (Maize, beans and vegetables). The health status of 

the mothers was good.

5.2.2 Criteria tor selection of mothers for collection of milk 

samples.

The following criteria were used in selecting the mothers from 

which samples were collected:

a) The mother should have been living in the rural area for the 

last five years or more.

b) The mother should be between 18 and 30 years of age.

c) The mother should be nursing her first or second child.

d) Both mother and child should be apparently healthy and the 

latest pregnancy should have been normal.

e) The mother should be breast-feeding one child only.

f) The mothers milk sample to be collected between 1-4 months
post parturn.

All the above mentioned selection criteria could not be 

met during the sample collection in Turkana due to long lasting 

drought and hunger in the area. Health status and dietary 

habits were determined by personal interviews and question

naires. Each mother was also asked to give information on the 

pesticide used. Additional information was obtained from the 

relevant authorities.

5.2.3 Collection and handling of human milk samples.

Milk samples were similarly collected in all the areas. Basic 

information with regard to date and place of collection of
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sample, mothers age, parity, days post partum, occupation and 

staple food were also collected when each sample was taken.

The milk samples were obtained by manual expression and 

collected in prewashed containers with Teflon caps. When milk 

samples could not be frozen immediately, 50 ul formaldehyde 

solution (32-33% p.a.) was added to each 10 ml human milk 

sample as a preservative. Preliminary work (see 4.8) showed 

that this would not interfere with the analysis. Milk was 

frozen until analyzed. Care was taken to avoid contamination 

both during and after sample collection. The milk was 

rehomogenized with an ultrasonic homogenizer just before 

ana lysis.

5.3 ANALYTICAL PROCEDURE FOR DETERMINATION OF ORGANOCHLORINE 

COMPOUNDS IN HUMAN MILK.

This is given in section 4.5.

5.4. RESULTS

A total of 302 human milk samples were collected from eight 

areas in Kenya representing different geographical regions. Out 

of these 264 are included in the present study and the other 38 

samples were spoiled either during transportation or during 

extraction. The milk was collected from those mothers who

satisfied the conditions as set in the criteria for the selec-
\

tion of mothers as given in section 5.2.2. The mothers were 

assumed to be representative for the sampling location at the 

time of collection. Within each region the mothers were similar 

in their habits and general cultural traditions. However, it 

was not easy to sample the mother's milk in all the regions 

within the stated range post partum, and therefore this criterion
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had to be modified in certain areas. All other regulations were 

strictly adhered to, in order to allow direct comparisons of 

the analytical data obtained in the study.

The results are presented in Tables 5.3-5.8 and residue 

concentrations of the pesticides are presented both on a fat 

weight basis and wet weight basis. The former makes it possible 

to compare our results with corresponding results published 

from other countries and the latter facilitates the toxicolo

gical evaluation of the results. The main organochlorine 

contaminants found in all Kenyan human milk samples were 

p,p '-DDT and its more persistent metabolite p,p'-DDE. Great 

regional differences in levels of these compounds were found. 

The mean levels of sum DDT ranged from 1.69 mg/kg in milk fat 

of nomads from Loitokitok to 18.73 mg/kg milk fat in human milk 

from Rusinga Island. Similarly, the mean levels of p,p-DDT 

ranged from 0.47 mg/kg in milk fat of nomads from Loitokitok to 

9.60 mg/kg in milk fat from Rusinga Island, and the same trend 

was observed for the p,p-DDE compound. Regional differences 

were also found in the mean ratio of p,p-DDT to its more 

persistent metabolite p,p'-DDE. The mean levels of p,p'-DDT- 

/p,P '-DDE ranged from 0.7 in Karatina to 4.4 in Turkana (Table 

5.3). The statistical significance (p<0.05) of the differences 

in residue levels and ratio between the areas on the geometric 

means are also indicated in the table.

The mean percentages of extractable milk fat ranged from 

3.0% in Turkana to 5.1% in Karatina (Fig.5.1 and Table 5.14). 

Individual percentages ranged from 0.6 to 12.3 percent fat.
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The levels of p,p-DDT, p,p-DDE and sum DDT in human milk is 

presented in Table 5.3, with sum DDT ranging from 64 ug/kg in 

milk from Loitokitok to 615 ug/kg in human milk from Rusinga 

Island.

By subdividing the sampling areas according to the main 

agricultural activities, it is demonstrated that differences in 

the levels of sum DDT and the ratios of DDT/DDE exist within a 

main sampling area depending on the agricultural activities 

(Table 5.8). The statistical significance (p<0.05) in the 

differences in residue levels and ratio within a sampling area 

are indicated in Table 5.8. In Embu region the mean level of 

sum DDT ranges from 5.05 mg/kg in the cotton, tobacco, and 

coffee growing area to 21.38 mg/kg in the tea and pyrethrum 

growing area. In Karatina the range is from 1.04 mg/kg in an 

area where there is no cash crop grown to 6.87 mg/kg in the 

coffee growing area. The mean levels in Meru seems to be lower 

than those in Embu and Karatina, but ranges from 0.35 mg/kg in 

the coffee and pyrethrum growing area to 3.89 mg/kg in the 

cotton growing area. The results from the two areas in Nanyuki 

range from 3.50 mg/kg in the livestock area to 5.16 mg/kg where 

there is no cash crop but only subsistence crops grown.

Furthermore, residues of the other organochlorine pesti

cides and chlorinated biphenyls are given in Tables 5.4-5.7.

Out of all the Kenyan human milk samples analyzed HCB was found 

in 60%, ^-HCH (lindane) in 30%, J3-HCH in 27%, aldrin in 35%, 

endrin in 4%, dieldrin in 20%, oC-HCH in 8%, transnonachlor in 

6%, heptachlor in 4%, endrin in 4%. Heptachlor epoxide in 0.4%, 

and oxychlordane in 0.4% of the samples analyzed. Some geograp

hical differences were demonstrated in the residue levels in
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the human milk fat, the mean HCB levels ranging from 0.003 

mg/kg in Meru to 0.011 mg/kg in Embu, the mean levels of

-HCH ranging from 0.014 mg/kg in Meru to 0.164 mg/kg in Embu, 

the mean levels of lindane ranging front 0.010 mg/kg in Iloma Bay 

to 0.3 39 ntg/kg in Nanyuki, the mean aldrin levels ranging from 

0.021 mg/kg in Meru to 0.151 mg/kg in Turkana, and the mean 

dieldrin levels ranging from 0.059 mg/kg in Karatina to 2.445 

mg/kg in Loitokitok. oi -HCH, transnonachlor, heptachlor, and 

endrin had mean levels of 0.08, 0.05, 0.03 and 0.11 mg/kg milk 

fat, respectively. Heptachlor epoxide was detected in only one 

milk sample from Turkana with a level of 0.007 mg/kg milk fat 

while oxychlordane was also detected in only one human milk 

sample from Meru with a concentration of 0.004 mg/kg milk fat. 

Pentachlor was on the other hand found in 97% of the milk 

samples analyzed from Turkana and had a mean level of 0.022 

mg/kg fat. All samples analyzed from Loitokitok contained 

transnonachlor with a mean value of 0.069 mg/kg fat.

Residues of PCBs were not found in quantifiable amounts in 

any of the samples analyzed.

The other factors such as age, days post partum, parity 

and dietary habits, which seem to influence the levels of sum 

DDT in mothers milk, are indicated in Tables 5.9-5.14. A great 

individual variation in all the residue levels was

demonstrated.
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5.5 DISCUSSION

The present study is the first report on levels of organo- 

chlorine pesticides in human milk fat from an East African 

country based on analysis of individual samples.

5.5.1 Factors affecting the OC content of the mothers milk:

The large individual variations in the present residue levels 

were not unexpected, since it is well known that many factors 

may influence the levels, e.g. fat content in the milk, maternal 

age, lactation period, parity of the mothers, exposure, age and 

weight of the mothers, dietary habits, tobacco chewing, and 

seasonal variations (Jensen, 1983).

Fat content of the milk: There are individual daily variations 

in milk production and fat content. The highest milk production 

usually occurs in early morning, and the lipid content reaches 

a maximum at mid morning, followed by a steady decline during 

the day (Muthanna et al., 1986). Furthermore, milk obtained at 

the end of a single breast feeding has a higher fat content 

than does milk obtained immediately before feeding. Fat content 

is also affected by maternal diet. The malnutrition of Turkana 

women could be partly responsible for the low mean fat percen

tage in their milk (Fig.5.1). The Karatina women were better 

nourished, which is also reflected in the higher percentage of 

fat in their milk. These variations in fat content have a 

particular importance in relation to maternal milk contamina

tion with lipophilic environmental chemicals (Jensen, 1983) .

Both Polishuk et al. (1977) and Miller et al. (1979) reported
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that mothers weighing about 60 kg or less had higher levels of 

orgariochlorine residues in their milk fat than those who 

weighed more than 60 kg. The larger fat depots cause a dilution 

of the fat soluble contaminants.

Maternal age: Table 5.12 shows the orgariochlor ine pesticide 

residues in Kenyan human milk by age group. Since the calcula

tion is based on fat weight, the age association may not be 

very significant because of the variation of fat with time of 

sampling (Jensen, 1983). However, residues of the DDT group of 

compounds seems to show a positive age relationship, although 

the number of samples from age group 25-35 years are only 21 

and those from age group 17-25 are 242. Rogan et al. (1986) and

Hashemy-Tonkabony et al. (1977) demonstrated higher excretion

of DDT and its metabolite by older mothers than younger ones.

The comparison of other organochlorine compounds is more 

difficult since the numbers to be compared are much smaller. No 

ot-HCH, dieldrin, pentachlor, and heptachlor were detected in 

mothers who were older, age group 26-35 years.

Older mothers are assumed to have had a longer contact 

with a more polluted environment including food than younger 

mothers, and hence increased accumulation of organochlorine 

residues with age can therefore be expected. This may be the 

case where there is stringent regulations with regard to use of 

chemicals in the environment and where there are food monitoring 

programs for these chemicals. Contradicting findings have been
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reported with regard to age and organochlorine accumulation in 

mothers milk. Jensen (1983) reports findings of some investiga

tors who have found age association with accumulation of DDT in 

mothers milk and others who have found no correlation to age at 

all. Welseberg et al., (1980) found no correlation between the

age of the mothers and the amount of organochlorine present in 

the milk.
From the statistical evaluation, there was no significant 

difference in mean values of sum DDT between the mothers milk 

in the different age groups. However, there was a positive 

correlation between mothers age and sum DDT (Fig.5.4).

Since the women who participated in the study are 

representatives of the areas and have lived there for more than 

five years, the rise in OC levels with age would be expected 

since body burdens of these chemicals are slowly accumulated 

with continued exposure.

Lactation period and number of children: As mentioned in the 

introduction, the organochlorine compounds are gradually 

accumulated in the fatty tissues, and during the lactation 

period they are mobilized and excreted through milk. Women have 

been found to contain higher levels of OCs during their first 

lactation period and in the earlier samples of a given 

lactation (Hofvander et al., 1981; Rogan et al., 1986). The OC 

levels then decline, both with time spent breastfeeding, and 

with the number of children nursed (Rogan et al., 1986). The 

change of organochlorine compounds in the milk fat with the 

length of lactation period was not investigated in this study.
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In the present study, 45% of the mothers sampled were breast

feeding their first child while almost an equal number, 46% 

were breastfeeding their second child. There was no significant 

difference (P>0.05) between the mean residue levels of sum DDT 

of mothers breastfeeding their first and their second child. 

However, in Nanyuki area there was a significant difference 

(P<0.05) between the mean sum DDT of mothers breastfeeding 

their first child and those breastfeeding their second child.

The higher ratio of DDT to DDE of mothers breastfeeding their 

second child (Table 5.9), demonstrates the continued exposure 

of mothers to DDT. In countries where DDT is no longer used, 

the ratio of DDT to DDE was shown to decrease during the 

lactation period and with the number of children (Jensen,

1983).

The fat content of the milk from primaparae (Table 5.9) 

was higher than in milk from secundaparae for all areas, with 

the exception of Turkana. This is in agreement with Jensen et_ 

al. (1983) that the parity of the mother influences the milk

fat concentrations with primaparae mothers having higher milk 

fat content than multiparae mothers. Kroger (1972) and Yakushiji 

et al. (1978b) have also reported that the levels of organochlo-

rine residues in the mother's milk decrease with the number of 

previous deliveries of the mother. This will, however, be 

counterbalanced when the mothers are continuously exposed to 

organochlorine pesticides.

Other factors like dietary habits, chewing tobacco and 

other exposures, will be discussed in the following relevant

sections.
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5.5.2 DDT group
Sum DDT: The great geographically based differences in the mean 

sum DDT levels in Kenyan human milk fat are believed to reflect 

differences with respe^ct to the DDT environmental pollution 

load and a recent and/or present use of DDT. The lowest mean 

level of sum DDT, 1.69 mg/kg, was found in human milk fat of 

nomads living in the Jlbarma area in Loitokitok. This was 

similar and 50% higher than the corresponding mean levels in 

Norwegian human milk fat in 1979 and 1983, respectively 

(Skaare, 1981; Skaare et al., 1988). The Norwegian mean sum DDT 

residue levels are among the lowest reported (Jensen, 1983; 

Slorach and Vaz, 1983). On the other hand, the highest mean sum 

DDT residue level, 18.73 mg/kg, found in Kenyan human milk fat 

from Rusinga Is!and/Mbita, is among the highest mean levels 

found in any country after 1974, but is only about 20% of the 

sum DDT residue levels found in Guatemalan human milk in 

1970-1971, which are the highest residues of DDT in human milk 

reported (Campos and Olzyna-Marzys, 1979). The main cause of 

the very high accumulation of DDT in Guatemalan human milk was 

indoor spraying of DDT for malaria eradication. The highest 

Kenyan mean sum DDT residue level found in human milk 

(Rusinga Island - 18.73 mg/kg), is about 70% of the level found 

in a malaria area in Guatemala in 1973-1974 (Winter et al., 

1976) but exceeded levels in Beijing, China, 1981-1982 by 3 

times (Slorach and Vaz, 1983); in India, 1981-1985 by 2 to 9 

times (Slorach and Vaz, 1983; Ramakrishna et al., 1985); in 

rural areas of Rwanda, 1977-1979 by 3 times (Warnez et al., 

1983), and in Bendel state of Nigeria by 4 times (Atuma and 

Okor, 1987). These countries have all reported continued
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use of DDT in vector control and in agriculture. The relatively 

high levels of sum DDT in Kenya together with the great geograp

hical differences in levels are almost certainly due to the 

continuing, use of DDT as an insecticide in agricultural and 

vector control. This is confirmed by the information obtained 

on the present use of organochlorine pesticides in the different 

sampling areas. DDT was reported presently used in all the 

sampling areas except in Nanyuki and Loitokitok.

As opposed to most industrialized countries who banned, or 

restricted severely, the use of DDT in the early 1970, many of 

the developing countries are still using considerable amounts 

of persistent pesticides.

DDT use was banned in Norway in 1970 and the earlier 

studies of Norwegian human milk (Bjerk, 1972; Brevik and Bjerk, 

3978) revealed geographical differences in the levels of sum 

DDT, while the study done in 1979 (Skaare, 1981) showed that 

the levels of sum DDT were approximately the same in different 

parts of Norway.

p ,p '-DDT and p,p'-DDE: p,p'-DDT was the main organochlorine 

contaminant in all the human milk samples analysed together 

with its more persistent metabolite p,p'-DDE. p,p'-DDE is the 

major metabolite of p,p'-DDT (Hayes, 1982). When the use of 

p ,p '-DDT is banned or severely restricted, the level of this 

substance in foods of plant origin fall rapidly, but exposure 

to its metabolite p,p'-DDE still occurs through the consumption 

of foods of animal origin that continue to accumulate this 

substance from the environment long after the use of DDT has 

ceased. Furthermore, when food-producing animals are exposed to
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p,p'-DDT, they metabolize this substance and retain the metabo

lite. Contamination of human milk by DDT reflects relatively 

recent exposure of the mother to DDT indirectly from food or 

through direct exposure. Contamination with DDE reflects either 

earlier exposure of the mother to DDT which has been metabolized 

to DDE or exposure of the mother to DDE as such through consump

tion of foods of animal origin.

In most of the recent human milk studies made in industria

lized countries, the levels of DDE in the milk have far exceeded 

the levels of DDT (Jensen, 1983; Slorach & Vaz, 1982). Direct 

DDT exposure stopped years ago in those countries, and the most 

important remaining exposures therefore1 are through contaminated 

foods of animal origin. In these countries, DDE is the major 

contributor to sum DDT. Mean levels of organochlorine pesticides 

in milk from industrialized countries have declined since the 

early seventies (Jensen, 1983; Skaare et al., 1986).

The mean levels of p,p'-DDT and p,p'-DDE reported in 

human milk fat in developing countries, including this study, 

are many times higher than those reported from industrialized 

countries who banned or restricted severely the DDT use in the 

early seventies. This is demonstrated in table 5.1.
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Table 5.1 Comparison of mean levels of p,p'-DDT, p,p'-DDE and 

sum DDT from different countries (mg/kg fat)

Country p,p'-DDT p ,p '-DDE Sum DDT Reference

Japan 1980/81
*— --

0.21 1.5 1 . 88 Slorach & Vaz

(1983)

Poland 1979 1.20 8.7 9.98 Jensen (1983)

Norway 1979 1.27 Skaare (1981)

Norway 1983 0.82 Skaare et al.

(1986)

Sweden 1981 0.10 0.81 1.00 Slorach & Vaz

(1983)

USA (22 states) •
1979 <0.10 1.6 1.88 IV

India 1982 1.2 4.8 6.55 VI

China 1982 1 .8 4.4 6.71 If

Turkey 0.65 4.61 5.81 Karakaya et al.

(1987)

Nigeria 2.37 1.33 3.83 Atuma et al.

(1987)

Rwanda 2.01 3.69 5.83 Warnez et al.

(1983)
Kenya 3.73 2.95 6.99 Present study

Ratio of p,p' -DDT to p,p '-DDE: The mean p,p' -DDT/p,p'-DDE ratio

in Kenyan human milk fat from the different sampling areas are

illustrated in Fig.5.3. These values are considerably higher

than the p,p' -DDT/p,p'-DDE ratio found in Chinese, Indian and

Mexican milk fat in 198J -1982, which were 0. 4, 0.3 and 0.2,
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respectively (Slorach & Vaz, 1983). In comparison with the 

corresponding ratio in an industrialized country, it can be 

mentioned that in Norway, where the use of DDT was banned in 

1970, the p,p'-DDT/p,p'-DDE ratios in human milk fat in 1970, 

1976 and 1979 were 0.32, 0.27 and 0.15, respectively (Bjerk, 

1972; Brevik and Bjerk, 1978; Skaare, 1981). Furthermore, only 

p , p ' -DDE was detected in Norwegicin human milk fat in 1983 

(Skaare et al., 1988). However, in contrast the p ,p '-DDT/p,p '- 

DDE ratio is higher for countries where p,p'-DDT is still being 

used (Table 5.3). The reason for this is as explained earlier 

that the ratio of p ,p '-DDT/p,p '-DDE in human milk will normally 

increase following DDT exposure. An evaluation of this ratio is 

valuable in detecting the source and in asessing recent or 

previous exposure and direct or indirect exposure to organo- 

chlorines through food chains.

In the present study an attempt was made to identify 

important exposure routes by correlating the DDT/DDE ratio and 

sum DDT residue levels to the main agricultural activities in 

the sampling area, the staple foods, the pesticide use, and the 
living conditions in general.

Although there exists significant differences in the mean 

levels of sum DDT and the DDT/DDE ratio within a main sampling 

area depending on the agricultural activities (Table 5.8), no 

consistent pattern of differences in residue levels when 

considering the main agricultural activities could be found 

with respect to all sampling areas as discussed later.
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5.5.3 Other organochlorines:
HCH-isomers: Technical HCH is used as an insecticide in Kenya. 

Relatively low levels of lindane, the V -isomer of HCH, 

together with the ^-isomer of HCH were found in 30 and 27%, 

respectively, of the human milk samples. Technical HCH contains

>-HCH as a minor component. The purity of the pesticide used 

presently and in the past may be partly responsible for the 

ratio of the HCH isomers found, since the different isomers 

have quite different biological properties. The jJi-isomer is 

the environmentally most persistent HCH-isomer, and it is 

eliminated more slowly from the body than are lindane (Pfeil- 

sticker, 1973). Also (5-HCH has 10-30 times higher ability to 

accumulate in fat tissues than lindane (Heeschen, 1980) . The 

ratio between different HCH isomer residues changes from the 

start of food chains until excretion in human milk fat, resul

ting in the more persistent j3-HCH being the predominant isomer 

in human milk (Szokolay et al., 1977). The ol- and ft -isomer 

may also isomerize into the j°)-isomer in living organisms 

(Jensen, 1983).

The mean levels of jj-HCH and lindane in the milk fat were 

lower than the maximum residue? limit set by WHO. The highest 

mean levels of fi -HCH and lindane in the human milk were found 

in Embu district. This was one of the districts where pesti

cides, including organochlorines, were reportedly used in 

agriculture and in household spraying. Although not all the 

mothers excreted -HCH or lindane through their breastmilk, 

technical HCH is one of organochlorine pesticide that has been 

easily available to the farmers from the agrochemical shops, 

and many of the mothers may have come into direct contact. 

However, in comparison with earlier reported HCH-isomers

&S;, ' " f r  0 r-
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residue levels in human milk fat from other countries, the 

Kenyan levels were relatively low (Jensen, 1983; Slorach & Vaz, 

1983). / -HCH has been used in Kenya against insects attacking

maize on the cob since 1953 (Gough, 1977).

Aldrin, dieldrin, and endrin; Dieldrin is a metabolite of 

aldrin, and it is more persistent. While aldrin as a pesticide 

has been banned or restricted in most industrialized countries, 

the use is still permitted in most developing countries. The 

extent of the aldrin use in Kenya is probably much less than 

the use of DDT, since aldrin and dieldrin were found in only 35 

and 20%, respectively, of the samples analyzed, while DDT was 

present in all samples. The presence of dieldrin residues in 

mother’s milk reflects exposure to either aldrin or dieldrin, 

because aldrin is quickly converted to dieldrin in the human 

body (Ackerman, 1980, Hayes, 1982). It is interesting to note 

that despite of this, fact, more samples contained aldrin than 

dieldrin. This would be expected in areas where there is 

intense or medium horticulture, since aldrin is applied on 

certified seedlings obtained from the agrochemical shops.

During planting, these seedlings are handled using bare hands 

and thus absorption through the skin could be one of the entry 

routes into the human body, in addition to inhalation. The mean 

level of dieldrin 0.37 mg/kg fat was about 2.5 times the ERL, 

(0.15 mg/kg fat (FAO/WHO,1982), however, it is similar to the 

levels reported from other countries (Table 5.2).
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Table 5.2 Mean levels of dieldrin in human milk fat from other 

countries (Jensen, 1983).

Country Dieldrin content Reference

in milk fat (mg/kg)

Denmark (Aarhus) 0.41 Rodni (1968)

" (Randers) 0.37 I f

Stockholm, 1974 0.38 Westoo % Noren (1978)

Israel, 1975 0.58 Polishuk et al. (1977)

Japan, 1970 0.38 Suzuki et al. (1973)

Australia (Brisbane

1971-2) 0.93 Miller & Fox (1973)

The use of organochlorine compounds have been restricted or 

banned in these countries, and the levels would be expected 

therefore to be significantly reduced to-day.

The result from Loitokitok include the highest dieldrin 

level in human milk (2.4 mg/kg fat) ever reported. The mother 

may have had direct contact with dieldrin since OCs are still 

in use in cattle dips in this area.

The mean level of aldrin, 0.05 mg/kg fat, was below the 

ERL, 0.15 mg/kg (FAO/WHO, 1982), and is comparable to the mean 

levels reported by Jensen (1983).

Endrin was detected in only eleven samples with a mean 

value of 0.183 mg/kg fat.
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Heptachlor, Heptachlor epoxide, Transnonachlor : These compounds 

are also used as insecticides. Heptachlor epoxide is a metabo

lite of heptachlor and is more persistent. Heptachlor epoxide 

and transnonachlor occur as impurities in technical grade 

chlordane.

HCB and PCBs: Th^ fungicide and industrial product and by

product hexachlorobenzene (HCB), has since the early 1970s been 

recognized as an environmental contaminant comparable to DDT 

and PCBs in industrialized countries (Acker and Schultze, 1970; 

Taylor and Keenan, 1970; Stivje, 1971; Jensen, 1903). HCB 

contamination does not seem to be a serious pollution problem 

in Kenya. It was found in 60% of all human milk samples analy

sed, but the levels were very low. The mean levels in the 

various areas ranged from 0.003 to 0.011 mg HCB/kg milk fat, 

which are all below the ERL, 0.5 mg HCB/kg milk fat (FAO/WHO, 

1982). The total mean (0.01 mg/kg fat) is about the same as 

reported from Sweden in 1981 (Slorach and Vaz, 1983), but only 

1% of the level reported in German milk fat in 1983 (Slorach 

and Vaz, 1983). The industrial chemical polychlorinated biphe

nyl, PCBs, which are a major contaminant in industrialized 

countries (Jensen, 1983; Mes et al., 1984; Ando et al., 1985, 

were not detected in quantifiable amounts in Kenyan mother's 

milk.

5.5.4 DDT in mothers milk fat from different geographical 

regions.

In the present study an attempt was made to identify important 

exposure routes by correlating the DDT/DDE ratio and sum DDT
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residue levels to the main agricultural activities in the 

sampling area, staple foods, pesticide use and living condi

tions in general. Although there exist significant differences 

in the mean levels of sum DDT and the DDT/DDE ratio within a 

main sampling area depending on the agricultural activities 

(Table 5.8), no consistent pattern of differences in residue 

levels when considering the main agricultural activities could 

be found with respect to all sampling areas.

Rusinga Island/Mhita region: The highest mean sum DDT residue 

level was in human milk from this region (Fig.5.2). This was 

not unexpected, since this is a malaria- and trypanosoma-prone 

region, having a history of pesticide use in malaria and 

tsetse-fly irradication. It is also near to Lambwe valley where 

there has been aerial spraying with pesticides against tsetse 

flies. DDT was reportedly used previously in this area.

The relatively high DDT/DDE ratios reflect recent and 

present direct exposure to DDT. In addition, the diet which 

includes fish as an important food, may be a major source of 

sum DDT. In a Swedish investigation, Nor£n (1983) found the 

highest levels of PCB and sum DDT in milk from mothers who 

regulary consumed tatty fish from the Baltic.

Homa Bay: This is also a malaria prone area, with a history of 

DDT use in vector control and in cotton growing. The people 

living in this region are not agriculturalists, and depend 

mostly on fishing. The living conditions of the mothers in this 

region are similar to those of Rusinga Island/Mbita region. The
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lower mean value of sum DDT in the mothers milk fat from Homa 

Bay could partly be due to the smaller sample size. There was 

no significant difference between the mean ratio of p,p'-DDT to 

p , p '-DDE in Rusinga Island/Mbita area and Homa Bay region. In 

both areas p,p'-DDT was the major contributor of sum DDT.

Turkana: The relatively high mean sum DDT residue level 

combined with a high DDT/DDE ratio (Fig.5.3), found in the fat 

of Turkana human milk, reflect recent direct exposure to DDT. 

The tact that most of the mothers were emaciated, would also 

favour excretion of absorbed lipid-soluble pesticides in the 

milk fat. Furthermore, the mothers were exnomads, now engaged 

in farming within an irrigation scheme where DDT had been used 

extensively in cotton production until January 1984.

Thereafter, DDT was only used in outplanting of sorghum. 

However, most mothers had access to the pesticide. In this area 

the reduction in DDT use, when changing from cotton to food 

crops, is reflected in a decrease of nearly 50% in the mean sum 

DDT residue level in the milk fat and a change in the DDT/DDE 

ratio from 22.6 to 1.8 during 15 months (Table 6.1). Thus, 

human milk proves to be a good indicator substance in 

monitoring the environment for contamination by DDT and DDE.

Several investigators have reported that tobacco smoking 

mothers have higher sum DDT levels in milk than do nonsmokers, 

probably due to the use of DDT in the tobacco-growing (Jensen, 

1983). Tobacco smoking in Turkana has no tradition, while 

tobacco chewing is quite common, and 23 out of 30 mothers in 

this region were reported to do so. A significant lower mean
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sum DDT level was found in the milk from the tobacco-chewing 

mothers as compared to the non-tobacco users (Table 5.11). The 

major contributor to the sum DDT is p,p'-DDT and the ratio 

DDT/DDE is high, which reflect direct or recent exposure to 

DDT. The difference between smoking and chewing tobacco with 

respect to DDT levels in mothers milk is not easy to explain, 

since many factors may be involved. One factor may be the 

difference in metabolism capacity towards DDT in lungs versus 

liver and the fact that DDT entering the body through the lungs 

reach systemic circulation before passing the hepatic system, 

while DDT entering the body through the digestive system is 

transported through the liver before systemic circulation. 

Systemic circulation before liver passage make sequestration in 

fat depots possible.

Embu: The very high sum DDT contamination of human milk of 

mothers living in the tea- and pyrethrum-growing area of Embu 

district, probably mainly reflect earlier heavy exposure to 

DDT, since DDE constitutes the major contributor to sum DDT 

(Table 5.8). The vegetarian mothers in Embu had almost three 

times higher mean levels of sum DDT compared to non-vegetarians 

(Table 5.10). Siddiqui et al. (1981) found higher levels of DDT

in cord blood from vegetarian mothers compared to non-vegetarian 

mothers, while Nor£n (1983) found lower levels of sum DDT in 

milk fat from lacto-vegetarian mothers compared to mothers 

eating mixed diet containing fatty fish.
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The second highest suni DDT contamination of mothers milk 

in Embu district came from the coffee producing area. The mean 

levels of p,p'-DDT and p,p'-DDE were almost the same, 

indicating both a direct and an indirect source of the DDT 

contamination of the mothers milk. Furthermore, a significant 

difference (P<0.05) between the mean milk levels of sum DDT in 

the cotton- and rice-growing area and the corresponding levels 

from the tea, pyrethrum- and coffee-growing area was found. The 

main contributor to sum DDT was p,p'-DDE. This, together with 

the low ratio of p,p'-DDT to p,p'-DDE, reflect an indirect 

exposure of mothers to DDT. This could mainly be through the 

foodstuffs. There was no significant difference (p>0.05) 

between the mean levels of sum DDT in mother's milk from the 

cotton, the tobacco and coffee, and the rice and cotton produ

cing areas. The p,p'-DDE was also the major contributor to sum 

DDT, thus reflecting an indirect exposure of the mothers to 

DDT.

Karatina: There was relatively low level of DDT contamination 

in mothers milk from this area (Fig.5.2). This is one of the 

areas in Kenya where there is intense agriculture. The people 

living in this region are literate which may result in better 

agricultural practice.

The highest contamination of individual mother's milk in 

Karatina came from the coffee-producing area, which also had 

the highest mean level of sum DDT among the four areas studied 

(Table 5.8). No farmer indicated the use of DDT or any other 

organochlorines in their coffee fields.

The low levels of sum DDT and the ratio of DDT/DDE found in 

milk from the other areas reflect indirect exposure of the
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mothers to DDT. There was no significant difference (P>0.05) 

between the mean level of sum DDT in mothers milk from tea 

growing area and from areas where no cash crop were grown. The 

DDT exposure in this area is mainly from the foodstuffs.

Meru: The results from this area are comparable with 

corresponding results from Karatina (Fig.5.2). The farmers in 

this district have a well organised agricultural practice.

The highest mean sum DDT residue level in mothers milk in 
this district was found in the cotton growing area. However, 

there was no significant difference (P>0.05) between the mean 

values of sum DDT in this area and in tobacco-cotton growing 

area. The coffee-tea and coffee-pyrethrum growing areas also 

had low levels of sum DDT. The p,p'-DDE was the major contri

butor to sum DDT, and this together with low DDT/DDE ratios 

(except tea-pyrethrum area) reflect indirect exposure to DDT, 

probably through the foodstuffs.

Nanyuki: Although no use of pesticides was reported in this 

area, all milk samples from this area were contaminated with 

DDT. The high mean value of sum DDT residue levels in the human 

milk fat, and the fact that the mean value of p,p'-DDT was 

higher than the mean value of p,p'-DDE, indicate mother's 

recent or direct exposure to DDT. The milk was sampled from 

mothers who were settled and from mothers still living a 

nomadic kind of life (Table 5.8). The mothers who were settled 

grow mainly subsistence crops such as maize, beans, peas, 

potatoes etc. The nomads depended mainly on food of animal 

origin (meat, milk) and maize flour.
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Loitokitok: This is one of the regions where the mothers did 

not repbrt any use of DDT. This agrees with the low mean level 

of sum DDT, 1.69 mg/kg, in the milk fat of mothers living in 

this area compared with other regions studied (Fig.5.2). The 

people in this area live a nomadic kind of life depending 

mainly on their cattle, sheep and goats for their foods. 

However, they do buy vegetables from the farmers settled in 

their neighbourhood. Their cattle are dipped once a week 

against ticks with Cooper tox, which contains no OC. This is 

the only area where all the mother's milk samples investigated 

contained HCB, but the levels were low.

Since the living conditions in general and the selection 

criteria with respect to parity and age of the mothers were not 

significantly different within the areas of Embu, Karatina and 

Keru, the present results demonstrates great variation in the 

practice of pesticide use within as well as between main 
sampling areas in Kenya.

5.6 TOXICOLOGICAL EVALUATION

The possible toxicological implications of the present levels 

of OC residues in Kenyan human milk are difficult to interpret. 

Until now, no recommendations specifically aimed at infants 

have been given by the international bodies. For adults, World 

Health Organization/Food and Agriculture Organization expert 

groups have estimated acceptable daily intake (ADI) for some 

chlorinated pesticides (FAO/WHO, 1978). Moreover, conclusions 

based on adult populations in well fed countries may be quite
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reliable when evaluating acute and, even more important, 

subacute effects of such chemicals in developing countries, 

where there is usually a nutritional deficiency coupled with a 

multitude of other threats to health of the infant population.

We can apply the ADI values established for adults to find the 

tolerance limits for infants. The ADI values for sum DDT is 5, 

lindane 2.5, aldrin 0.1, and dieldrin 0.1 ug/kg body weight. 

Assuming that the breastfed infant consumes about 130g milk/kg 

body weight per day and that the milk contains 3.5% w/w fat, 

the "tolerable" concentrations (mg/kg) would be 2.7 for 

lindane, 1.1 for DDT, 0.02 for aldrin and 0.02 for dieldrin (an 

average infant body weight of 5 kg was assumed in calculation). 

Thus, the present results indicate that the tolerable intake of 

sum DDT, aldrin, and dieldrin is exceeded severalfold by most 

children. The highest (mean) estimated daily intake (ug/kg body 

weight) of sum DDT exceeded the ADI by 17 times and the lowest 

average intake by 1.5 times (Table 5.15). The mean level of 

dieldrin, 0.37 mg/kg fat exceeded the ADI by about 18 times and 

the mean level of aldrin, 0.05 mg/kg fat exceeded the ADI by 

2.5 times. No ADIs have been established for -HCH and HCB 

(Slorach and Vaz, 1983). Since there is no firm evidence so far 

that even these high concentrations have deleterious effects on 

the health of the infant, breastfeeding should not be discou

raged because of its well-recognized advantages. Rather the 

present results should be applied to introduce better practice 

in the use of organochlorine pesticides in developing countries.
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5.7 CONCLUSION

The data obtained in this study demonstrate human milk 

contamination with organochlorine pesticides, which also 

reflects the environmental contamination by these substances.

All mothers milk samples contained DDT and metabolites, which 

reflects recent exposure of the mother to DDT from foodstuffs 

or other sources. There was a great variation of levels of sum 

DDT in all areas due to differences in age, dietary habits, fat 

content of the maternal milk, and agricultural usage of 
pesticides.

The infant dietary intake of DDT, aldrin, dieldrin through 
the mothers milk exceeded the ADI by several fold. The levels 

of organochlorines detected in the mothers milk in this study 

were higher than those reported from the industrialized count

ries. There is need to take steps towards reducing the environ

mental contamination by organochlorine pesticides by introducing 

better agricultural practice. Monitoring programs should be 
initiated and followed throughout the country.



Table 5,3 Regional differences in levels of p.p'-DOT. p.p'-DOI and sin DDT and the ratio of p.p'-DDT to p.p’-DOE in Kenyan huian «lk.

Area
Year of collection

No. of 
saiples

P.P’-DOT P,p’-DOC
No.
positive

tg/kg silk fat (ppa)« 
■ean (Rangel

ug/kg silk (ppb) 
Mean (Range)

No.
positive

■g/kg silk fat (ppa)- 
Mean (Range)

ug/kg silk (ppb) 
Mean (Range)

Rusinga Island 1984/85 25 25 9.60 (1.74 - 44.53) 320 (54 - 1459) 25 7.61 (1.38 -21.43) 248 (27 - 702)
Eabu 1985 48 48 3.63 (0.60 - 28.08) 162 (20 - 1139) 48 5.23 (0.83 -32.89) 243 (24 - 1963)
Hoia Bay 1985 12 12 4.08 (0.64 - 9.12) 126 (25 - 298) 12 3.48 (0.32 -7.99) 100 (14 - 229)
Turkana 1983 30 30 7.38 (0.29 - 26.23) 206 (2 - 203) 30 2.17 (0.04 -7.80) 57 (7 - 898)
Nanyuki 1984/85 42 42 2.47 (0.87 - 18.42) 377 (18 - 430) 42 1.52 (0.21 -5.48) 51 (5 - 209)
Karatina 1983 50 50 1.59 (0.12 - 24.17) 90 (6 - 1847) 50 1.72 (0.37 - 15.60) 95 (6 - 1177)
Meru 1985 44 44 0.65 (0.05 - 2.68) 33 (0.6 - 194) 44 1.41 (0.02 -9.80) 69 (0.3 - 499)
Loitokitok 1984 13 13 0.47 (0.16 - 0.83) 28 (8 - 68) 13 0.43 (0.11 - 1.64) 23 (4 - 51)
All areas 264 264 3.73 (0.05 - 44.53) 173 (0.6 - 1847) 264 2.95 (0.02 -32.89) 117 (0.3 1963)

Area
Year of collection

Sua DDT P,P'--DDT/p.p'-DDI
No
positive

■g/kg fat (ppa)** 
Mean (Range)

ug/kg lilk (ppb) 
Mean (Range)

Geoaetric
Mean*

Mean (Range) Geoaetric
Mean*

RuBinga Island 1984/85 25 18.73 (3.70 -69.87) 615 (88 - 2289) 13.49- 1.3 (0.4 - 2.6) 1.1-
Eabu 1985 48 9.76 (1.71 -51.54) 449 (50 - 3076) 6.76** 0.8 (0.2 - 2.0) 0.7**
Hoaa Bay 1985 12 7.94 (0.99 -16.63) 237 (41 - 536) 6.31** 1.3 (0.4 - 2.3) 1.4—d
Turkana 1983 30 7.79 (0.44 -32.82) 271 (10 - 1123) 6.76*» 4.4 (1.0 - 20.7) 3.2*
Nanyuki 1984/85 42 4.32 (0.60 -23.02) 140 (23 - 537) 3.55- 2.0 (0.3 - 4.8) 1.6**Karatina 1983 50 3.51 (0.61 -41.48) 195 (17 - 3153) 1.86- 0.7 (0.2 - 2.3) 0.5****
Meru 1985 44 2.20 (0.02 - 12.95) 108 (0.3 - 713) 1.05' 0.8 (0.2 - 2.2) 0.6**Loitokitok 1984 13 1.69 (0.44 -2.60) 64 (16 - 137) 1.51-r 1.7 (0.2 - 3.8) 1.4— r
All areas 264 6.99 (0.02 - 69.87) 261 (0.3 - 3153) 4.73 1.6 (0.2 - 20.7) 1.2

*- Below detection liait <0.015 «g/kg ailk fat. **- Extraneous Residue Liiit : 1.25 ag/kg silk fat.
c- Geometric »eans in the saae coluan without a coaaon superscript letter are significantly different (p<0.05).
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Table 34 Regional differences in levels of aldrin and dieldrin in Kenyan huean Bi l k.

Area
Year of collection

Mo. of 
samples

Aldrin ' Dieldrin
Mo.
positive

*g/kg nlk fat <ppe)*,c’- 
Mean (Range)

ug/kg Bilk (ppb) 
Mean (Range)

Mo.
positive

ag/kg Bilk fat (ppa)b*c*d 
Mean (Range)

ug/kg Bilk (ppb) 
Mean (Range)

Rusinga Island 1984/85 25 8 0.029 (0.012 - 0.060) 3.0 (0.6 - 2.4) 2 0.255 (0.215 - 0.295) 7 (4.3 - 9.7)
Eibu 1985 48 10 0.024 (0.012 - 0.042) 1.1 (0.5 - 1.9) 3 0.310 (0.057 - 0.576) 10 (2.6 - 25.9)
Hoea Bay 1985 
Turkana 1983

12
30 17

<0.004
0.151 (0.067 - 0.388) 5.9 (1.3 - 15.6) 3

<0.050
0.687 (0.520 - 0.815) 27.3 (26.1 - 29.6]

Nanyuki 1984/85 42 6 0.033 (0.015 - 0.076) 1.5 (0.5 - 3.4) 8 0.657 (0.159 - 1.685) 17.6 (2.1 - 30.8)
Karatina 1983 50 9 0.025 (0.008 - 0.064) 1.0 (0.3 - 2.0) 24 0.059 (0.008 - 0.156) 2.9 (0.3 - 7.3)
Meru 1985 44 '32 0.021 (0.006 - 0.075) 0.9 (0.1 - 2.8) 13 0.166 (0.053 - 0.4%) 8.4 (0.7 - 21.8)
Loitokitok 1984 13 10 0.063 (0.047 - 0.101) 2.2 (0.7 - 4.3) 1 2.4454L 119.8 e
All areas 264 92 0.05 (0.006 - 0.388) 2.2(0.1-15.6) 54 0.37 (0.008 - 1.685) 18.4(0.3-30.!

• = Below detection lint : <0.004 eg/kg nlk fat. 
c s Means of quantifiable levels.

** = Below detection lint : <0.050 ag/kg nlk fat. 
* = Extraneous Residue Lint :>0.15 ag/kg nlk fat.
e =Not included in the mean.

j
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Taole 5.5 Regional differences in levels of /3+*CH and lindane (<Y+|CH)in Kenyan hman ailk

Area
Year of collection

No. of 
sanples

P-HCH

No.
positive

Rusinga Island 1984/35 25 3
Efflou 1985 48 IS
Hoea Bay 1985 12 5
Turkana 1983 30 14
Nanyuki 1984/85 42 4
Karatina 1983 50 10

Meru 1985 44 6
Loit-okitok 1984 13 11

All areas 264 - 71  ,

ag/kg ailk fat : ug/kg ailk (ppb)
Mean (Range) Mean (Range)
0.083 (0.024 -0.177) ■2.7 (0.9 -4.4)
0.164 (0.077 -0.270) 7.7 (2.3 - 13.8)
0.034 (0.014 -0.085) 1.7 (0.3 -5.3)
0.015 (0.002 -0.093) 0.5 (0.1 -2.3)
0.136 (0.028 -0.502) 4.9 (3.6 -6.4)
0.016 (0.004 -0.069) 1.1 (0.1 -5.2)
0.014 (0.011 -0.018) 0.9 (0.3 -1.4)
0.038 (0.017 -0.065) 1.4 (0.3 -3.1)

0.09 (0.002 -0.502) 3.0 (0.1 - 13.3)

= Beloh detection lia it  : <0.002 ag/kg ailk fat, ** = Means of quantifiable levels,

Lindane fYHCH)
No.
positive

ag/kg ailk fat (ppa)*’1***5 
Mean iRange)

ug/kg ailk (ppb) 
Mean (Range)

7 0.053 (0.024 ■■ 0.177) 2.1 (0.5- 3.0)
5 0.076 (0.033 *• 0.014V 3.4 (2.4 - 5.2)
6 . 0.010 (0.008 •■ 0.014) 0.3 (0.1 - 0.5)
25 0.038 (0.005 •■ 0.213) 1.2 (0.1 - 9.7)
6 0.139 (0.028 ■• 0.502) 0.3 (0.1 - 0.5)
16 0.030 (0.004 -• 0.061) 1.3 (0.2- 4.0)
15 0.018 (0.002 ■■ 0.157) 0.7 (0.1 - 6.1)

30 0.04 (0.002 - 0.502) 1.2 (0.1 - 9.7)

c = Extraneous Residue L in t : 0.1 eg/kg ailk fat.
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fable 5.8Regional differences in levels of HCB and PCBs in Kenyan huwn silk.I

Area No. of HCB PCB’s
Year of collection sables ----------- ----------------- --------------

No. mg/kg milk fat (ppi),-c-d ug/kg_miTjc_ (epb)_ No.
positive Mean (Range) Wean (Range) positive**

Rusinga Island 1984/85 25 23 0.010 (0.008 - 0.016) 0.3 (0.2 ■■ 0.7) 0
E*u 1985 48 14 0.011 (0.004 - 0.037) 0.5 (0.04 - 1.4) 0
Homa Bay 1985 12 2 0.004 (0.004 - 0.005) 0.2 (0.19 - 0.2) 0
Turkana 1983 30 27 0.005 (0.001 - 0.030) 0.5 (0.02 - 1.3) 0
Nanyuki 1984/85 42 34 0.010 (0.002 - 0.049) 0.3 (0.04 - 1.2) 0
Karatina 1983 50 42 0.004 (0.002 - 0.010) 0.2 (0.05 - 0.5) 0
Neru 1985 , 44 4 0.003 (0.002 - 0.004) 0.2 (0.1 - 0.3) 0
Loltokitok 1984 13 12 0.009 (0.004 - 0.013) 0.3 (0.1 - 0.7) 0

All areas 264 158 0.01 (0.001 - 0.049) 0.3 (0.02 - 1.4) 0

b = Below detection limit : <0.020 mg/kg fat.
* = Extraneous ResiAie Limit : 0.5 mg/kg milk fat.

= Below detection limit : <0.002 mg/kg milk fat. 
= Heans of quantifiable levels.



Table 5.7a Regional differences of other organochlorine pesticides in Kenyan human milk fat (mg/kg)
Area/year N a-HCH Transnona- Heptachlor Heptachlor- Pentachlor Oxychlordane Endrin

chlor epoxide
Rusinga 
Island 1984/85 25 0.29

(0.22-0.36)
2/25

Embu 1985 48 0.033
1/48

Homa Bay 1985 12 0.014
(0.009-0.018)
3/12

•

Turkana 1983 30 0.01 0.007 0.022
(0.005-0.012) (0.002-0.085)
3/30 1/30 29/30

Nanyuki 1984/85 42 0.059
(0.033-0.078)
3/42

Karatina 1983 50 0.016 0.015
(0.004-0.069 (0.007-0.028)
10/50 8/50

Meru 1985 44 0.044 0.055
(0.019-0.091) 0.041

(0.025-0.028)
0.004 0.013

1/44 2/44 2/44
1/44 1/44

Loitokitok 1984 13 0.069
(0.051-0.115) 0.2
12/13 (0.163-0.359)

10/13

Results are expressed as means. Ranges are listed in parentheses. Ratios of the number of samples containing quantifiable amounts over the total number analyzed are also given.

/

f
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Table 5.7b Regional differences of other organochlorine pesticides in Kenyan human milk (ug/kg)

Area/year N a-HCH Transnona- Heptachlor Heptachlor- Pentachlor Oxychlordane Endrin
chbr epoxide

Rusinga Island 
1984/85 25 9.2

(8.7-9.7) 
2/25

Embu 1985 48 1.4
1/48

Homa Bay 1985 12 0.4
(0.1-0.7) 
3/12

Turkana 1983 30 0.4 0.3 2.2
(0.3-0.4) (0.06-3.2)
3/30 1/30 29/30

Nanyuki 1984/85 42 1.8
(1.1-3.1) 
3/42

Karatina 1983 50 0.5
(0.1-1.1) 0.6
10/50 (0.3-1.0)

8/50
Meru 1985 44 0.4 2.0 2.6 0.3 1.2

(1.7-2.2) (1.0-4.2)
1/44 2/44 2/44

1/44 1/44
Loitokitok 1984 13 2.7 6.7

(0.8-4.7) (2.4-10.3)
12/13 10/13

Results are expressed as means. Ranges are listed in parentheses. Ratios of the number of samples containing quantifiable amounts over the total number analyzed are also given.
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Tables.8 Intra-regional variations in the relationship between agricultural activities and levels of p.p’-DDT. p.p'-DDE and bub DDT in Kenyan huian Bilk.

Area, year Cash crops*1 No. of 
saaples

Fat. Bean 
percentage

p.p’-DDT p.p'-DDE Sub DDT p,p'-DDT
■g/kg Bilk fat 
Bean I Range)

Bg/kg ailk fat 
Bean (Range)

Bg/kg Bilk fat 
Bean (Range!

p.p'-DDE

Eflbu Tea. pvrethruB 7 4.6 7.15 (3.17-14.22) 12.35 (4.70-32.89) 21.38* (8.70-51.54) 0.7*

1985 Coffee 16 4.3 5.11 (0.69-28.08) 5.03 (0.92-14.73) 11.10* (1.71-47.90) 1.0**

Rice, sarginal cotton 9 4.7 1.73 (0.60-4.46) 4.29 (1.14-10.27) 6.79= (1.94-16.20) 0.4=

Cotton, tobacco, coffee 16 4.5 1.67 (0.81-2.66) 2.85 (0.83-6.13) 5.05= (2.43-9.51) 0.8*

Karatina Coffee 18 5.5 3.35 (0.29-24.17) 3.17(0.64-15.60) 6.87* (0.80-41.48) 0.8*

1983 Coffee, tea 6 5.0 1.63 (0.19-6.27) 1.54 (0.50-3.48) 3.34-= (0.74-10.12) 0.8- =

Tea 12 4.4 0.44 (0.17-0.80) 0.87 (0.51-1.66) 1.41-= (0.87-2.61) 0.5-=

None 14 5.0 0.27 (0.12-0.60) 0.67 (0.37-1.28) 1.04b (0.61-1.76) 0.5-=

Meru Cotton 12 4.1 0.87 (0.08-2.07) 2.72 (0.18-9.80) 3.89* (0.29-12.95) 0.4*

1985 Tobacco, cotton 12 5.0 0.96 (0.14-2.68) 1.95 (0.14-8.41) 3.12* (0.29-12.02) 0.8**

Coffee, tea 10 6.5 0.51 (0.24-1.13) 0.42 (0.02-0.66) 0.92** (0.02-1.69) 1.1*

Coffee. pvrethruB, tea 10 4.7 0.15 (0.05-0.62) 0.18 (0.08-0.53) 0.35= (0.13-1.21) 0.7**

Nanyuki None 21 3.6 3.05 (1.11-18.42) 1.83 (0.50-5.48) 5.16* (0.60-23.02) 2.5*

198̂/85 Grazing* (cattle, sheep,

goats) 21 3.1 1.91 (0.87-11.79) 1.22 (0.21-5.37) 3.50** (1.20-19.05) 2.7**
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a.b.c

d

e

Mean values 

other crops 
Staple food 
The sothers

in the saie coluin without a couon superscript within a given region are significantly different (P<0.05) (Wilcoxon's two sawple teat) 

grown include various crops for own consuiption and for sale at retail larkets. Poultry, sheep and dairy cattle are kept by so«e fariers. 
are saize, beans, potatoes and green vegetables.
are noiads. Staple food were nlk. «eat and yellow Baize (fawine relief food).
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Tables,9 3 m  DOT and ratio of p.p'-DDT to p.p'-DDE in ailk froi Bothers breatfeeding their first or second child.

Area, year No. of iilk saiples Mean percent fat ‘Su« DDT (ig/kg ailk fat) “Child one p.p’-DDT/p.p’-DDE "Child one
to child in lilk to child in ailk to child Vs two in lilk to child Vs two

One Two One Two One Two One Two

Rusinga Island 1984/85 7 15 3.7 3.3 23.1 (3.7-69.9) 17.2 (4.4-49.6) P>0.05 1.6 1.1 P r 0.05

Eibu 1985 27 18 4.9 3.8 9.2 (2.5-47.9) 8.6 (1.7-21.3) P)0.05 0.8 0.8 p»0.05

Hoaa Bay 1985 6 2 3.2 2.5 9.2 (2.5-16.6) 4.7 (2.8-6.7) P>0.05 0.9 1.5 P>0.05

Turkana 1983 9 18 2.8 3.2 11.8 (0.4-30.1) 9.5 (2.5-24.3) P>0.05 2.8 13.2 P>0.05

Nanvuki 1984/85 22 17 3.6 2.9 4.7 (1.9-19.0) 4.1 (1.2-23.0) P<0.05 1.4 2.6 P<0.05

Karatina 1983 28 22 5.6 4.6 4.9 (0.6-41.5) 1.7 (0.6-4.6) P'0.05 0.7 0.7 P > 0.05

Meru 1985 20 22 5.7 4.8 3.0 (0.1-13.0) 1.5 (0.2-8.7) P)0.05 1.4 3.3 P)0.05

Loitokitok 1984 0 6
*

- 4.0 - 1.7 (0.4-2.6) - 1.7

All areas 119 120 4.6 3.6 7.3 (0.1-69.9) 6.2 (0.1-49.6) P>0.05 1.2 3.5 P>0.05

1 Mean (Range)
" P>0.05 (No significant difference)

1 4 0



Table5■IQ Levels of pesticides in milk from vegeterian and non-vegeterian mothers in Embu.

Pesticide Mg pesticide/kg milk fat. 

Vegeterians (n=7)

Mean (Range) 

Non-vegeterians (n=4)
Vegeterians

Vs
Non-vegetarians

p,p'-DDT 7.15 (3.17-14.22) 3.02 (0.60-28.08) P<0.05
p,p'-DDE 12.35 (4.70-32.89) 4.02 (0.83-14.73) P<0.05
Sum DDT 21.38 (8.70-51.54) 7.81 (1.70-49.90) P<0.05
P» P 1-DDT
p, p'-DDE 0.67 (0.40-0.90) 0.78 (0.20-2.00) P<0.05

HCB 0.008 (0.007-0.010) 0.011 (0.001-0.037) P>0.05

fr-HCH 0.11 (0.10-0.11) 0.175 (0.077-0.273) P = 0.05

P^0.05 (No significant difference)

141



Table 5.11 Levels of pesticides in milk from mothers who chew (n=23) or not chew (n-7) 
tobacco in Turkana

Pesticide Mg. pesticide/kg milk fat. Mean (Range)

No. positive Chewing tobacco No. positive Not chewing tobacco

p, p' -DDT 23 6.23 (0.29-21.47) 7 11.29 (3.17-26.23)

p, p'-DDE 23 2.12 (0.04-7.80) 7 2.29 (0.73-5.93)

Sum DDT 23 8.73 (0.44-30.13) 7 13.84 (4.10-32.82)

p,p'-DDT/p,p'-DDE 23 2.41 (1.0-20.7) 7 4.3 (2.2-13.40)

O,p'-DDT 22 0.48 (0.07-1.57) 7 1.06 (0.48-2.29)

0,p'-DDD 4 0.03 (0.01-0.07) 1 0.05

p,p'-DDD 2 0.30 (0.21-0.40) 3 0.36 (0.18-0.55)

HCB 21 0.005 (0.001-0.030) 5 0.004 (0.002-0.005)

a-HCH 1 0.012 2 0.009 (0.005-0.012)

(3-HCH 9 0.009 (0.001-0.029) 5 0.028 (0.008-0.093)

Lindane 19 0.043 (0.005-0.196) 6 0.025 (0.005-0.055)

Pentachlor 22 0.020 (0.002-0.081) 6 0.027 (0.003-0.027)

Aldrin 2 0.018 (0.017-0.018) 2 0.015 (0.015)

Dieldrin 1 3.77 0 -

Heptachlor epoxide 0 - 1 0.007
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Table 5.12 Organochlorine pesticides detected in Kenyan human milk by age group.

17-25 year old women (n=242) 26-35 year old women (n=21)

Percent
positive
samples

Mean cone . (mg/kg milk) Percent

positive
samples

Mean cone. (mg/kg milk)

In all 
samples

In positive 
samples

In all 
samples

In positive 
samples

p,p '—DDT 100 3.01 3.01 100 7.04 7.04
p,p 1—DDE 100 2.90 2.90 100 3.06 3.06
O,p1-DDD 3 0.004 0.13 10 0.01 0.14
0,p'-DDT 53 0.10 0.18 62 0.35 0.57
p,p'-DDD 7 0.01 0.14 10 0.57 5.98
Sum DDT 100 6.99 6.99 100 10.62 10.62
P.P'-DDT
p,p'-DDE 100 1.3 1.3 100 2.4 2.4
Cl-HCH 4 0.004 0.098 0 0 0
(J—HCH 38 0.02 0.056 52 0.02 0.036
Lindane 26 0.01 0.040 43 0.03 0.061
Aldrin 21 0.01 0.027 14 0.01 0.063
Dieldrin 17 0.07 0.42 0 0 0
HCB 58 0.005 0.008 81 0.004 0.005
Endrin 4 0.01 0.15 10 0.03 0.28
Transnonachlor 6 0.003 0.051 14 0.01 0.088
Pentachlor 7 0.001 0.019 0 0 0
Heptachlor 4 0.0008 0.020 0 0 0
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Table 5 .13  Residues of sum DDT mg/kg fat and the ratio of p,p'-DDT to p,p'-DDE
in Kenyan human milk from the different areas according to age.

Area Age (years) No. of 
samples

Sum DDT mg/kg fat p,p'-DDT

Mean (Range) p,p'-DDE

Meru 17 - 20 24 2.29 (0.13-12.02) 0.7
21 - 25 19 2.21 (0.14-12.95) 0.8

Karatina 17 - 20 30 3.16 (0.64-25.72) 0.6
21 - 25 18 3.15 (0.53-29.52) 0.6

Embu 17 - 20 18 7.42 (2.50-21.61) 0.7
21 - 25 25 10.64 (1.71-51.54) 0.8
26 - 30 5 13.85 (4.63-49.90) 1.0

Nanyuki 17 - 20 29 4.50 (1.20-23.02) 2.3
21 - 25 10 4.0 (0.6-8.74) 1.3

Turkana 17 - 20 4 9.93 (0.44-21.33) 5.4
21 - 25 13 8.18 (1.76-32.82) 4.2
26 - 30 6 11.30 (3.36-30.13) 3.6
31 - 35 7 11.56 (2.87-24.35) 2.5

Rusinga Island 17 - 20 21 17.64 (3.70-69.87) 1.4
21 - 25 4 24.50 (5.41-49.58) 1.2

Homa Bay 17 - 20 7 6.46 (3.75-12.57) 1.2
21 - 25 5 • 10.01 (0.99-16.63) 1.8

Loitokitok 17 - 20 3 2.11 (1.19-2.67) 1.2
21 - 25 6 1.49 (0.89-1.80) 1.9
26 - 30 3 1.68 (0.44-2.60) 1.8

All areas 17 - 20 132 6.21 (0.13-69.9) 1.3
21 - 25 90 6.31 (0.14-51.54) 1.4
26 - 30 14 10.15 (0.44-49.90) 2.3
31 - 35 7 11.56 (2.87-24.35) 2.5



Table 5.14 Levels of sum DDT and the ratio of p,p'-DDT to p,p'-DDE in Kenyan human milk from different areas with respect 
to days post parturn of collection.

Area
year of collection

No. of Sample collected Percent fat Sum DDT mg/kg (ppm) milk fat p,p’-DDT
samples Weeks post-parturn Mean (Range) Mean (Range) -------

Mean (Range) p,p'-DDE
Mean (Range)

Rusinga Island 1984/85 25 14 (2-30) 3.3 (1.6-4.5) 18.73 (3.70-69.87)

Embu 1985 48 12 (1-94) 4.5 (1.0-9.3) 9.76 (1.71-51.54)

Hama Bay 1985 12 9 (1-19) 3.5 (0.6-6.9) 7.94 (0.99-16.65)

Turkana 1983/84 30 21 (3-33) 3.0 (0.9-8.8) 7.79 (0.44-32.82)

Nanyuki 1984/85 42 43 (7-104) 3.3 (1.3-7.3) 4.32 (0.6-23.02)

Karatina 1983 50 8 (2-18) 5.1 (2.4-8.7) 3.51 (0.61-41.48)

Meru 1985 44 21 (2-88) 5.0 (1.2-12.3) 2.20 (0.02-12.95)

Loitokitok 1984 13 12 (4-17) 4.6 (1.2-7.6) 1.69 (0.44-2.69)

1.3 (0.4-2.6) 

0.8 (0 .2-2 .0)

1.3 (0.4-2.3)

4.4 (1.0-20.7) 

2.0 (0.3-4.8) 

0.7 (0.2-2.3) 

0 . 8  (0 .2-2 .2 )

1.7 (0.2-3.8)
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Table 515 Estimated daily intake of sum DDT in breastfed children, assuming a consumption 

of 130 il milk/kg body weight and 3.5X milk (w/w) fat, and the relationship between estimated 

daily intake and acceptable daily intake (ADI). A conditional ADI of 5 ug/kg body-weight has 

been established for the DOT coiplex by the Joint Meeting on Pesticide Residues (FA0/WH0, 

1970).

Area / year Sui DDT-estisated daily intake 
ug/kg body weight

Number of tises the estimated 
daily intake exceeds the ADI

Mean (Range) Mean (Range)

Rusinga Island 1984/65 84 (17-314) 17 (3-63)

Embu 1985 44 (8-232) 9 (2-46)

Hoia Bay 1985 36 (4-75) 7 (0.9-15)

Turkana 1983 8 (0.2-35) 1.5 (0.04-7)

Hanyuki 1984/85 19 (3-104) 4 (0.5-21)

Raratina 1983 15 (3-187) 3 (0.5-37)

Meru 1985 10 (0.1-58) 2 (0.02-12)
Loitokitok 1984 8 (1.9-12) 1.5 (0.4-2)
All areas 26 (0.1-314) 5 (0.02-63)



Table 5 16 Data on the Bothers froi which the breast Bilk saaples were collected.

Area / year Mothers
Total
No.

Age. years Saiples collected 
weeks post-partui 
Mean (Range)

Parity Literacy Staple foods

Mean (Range) 1 2 3

Rusinga Island/Mbita 
1984/85 25 20 (16-25) 14 (2-30) 9 15 0 Mediui fish. kale. iaize Beal, cassava 

and sorghui

Eibu 1985 48 22 (18-30) 12 (1-94) 27 18 MediuB iaize ♦ beans + potatoes + 
vegetables. Billet

Hoaa Bay 1985 12 20 (15-24) 9 (1-19) 6 2 4 Mediufl fish, kale. Baize seal, cassava, 
sorghui

Turkana 1983 30 25 (18-36) 18 (2-33) 9 18 0 Low goat seat, cow lilk. iaize leal 
and kale , beans

Nanyuki 1984/85 42 19 (15-25) 43 (7-104) 22 17 3 Low Baize + beans + potatoes, goat 
■eat. cow seat, kale. Baize 
■eal and cow Bilk.

Karatina 1983 50 20 (18-25) 8 (2-18) 28 22 0 High ■aize * beans, potatoes, 
vegetables

Meru 1985 44 20 (17-25) 21 (2-88) 20 22 0 MediuB Baize + beans + potatoes. 
sorghuB, Billet + vegetables

Loitokitok 1984 13 23 (18-28) 12 (4-17) 1 6 2 Low Cowieat. lilk and vegetables , Maize

147
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i

Fig.5.0 Map of Kenya indicating the various districts (numbered) where 
milk and food sampling was done:
1. Rusinga Island. 2. Kajiado. 3. Laikipia. 4. Turkana. 5. South
Nyanza. 6. Nyeri. 7. Meru. 8. Embu.
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Fig. 5.1 Mean levels of the fat percentage in mother's milk from the
different areas.
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Fig. 5.2 Mean levels of the sum-DDT (mg/kg fat), in mother's milk from
the different areas.
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Fig, 5,3 Mean levels of the ratio p,p'-DDT to p,p'-DDE in mother's rr
the different areas.
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Fig, 5,4 Relationship between the mean levels of sum-DDT in mother's 

milk fat and maternal age.
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CHAPTER SIX

CHANGES IN ORGANOCHLORINE PESTICIDE RESIDUES IN MOTHERS BREAST 

MILK IN TURKANA FROM 1983 TO 1984

6.1 INTRODUCTION

As described in the chapter on methods and materials, the milk 

samples from Turkana were collected from exnomadic mothers who 

are now settled in an irrigation scheme. With the introduction 

of modern agricultural methods in the area (Katilu), the people 

have modified their way of life and instead of depending 

entirely on their diminishing livestock (due to drought and 

other diseases), they can now grow their own crops in their 

small shambas. Pesticides have been reported used on their 

shambas , especially DDT in cotton growing which was replaced 

by food crops before 1984. In August 1983, thirty mother's milk 

samples were collected from this area. The same criterion for 

selecting the mothers as outlined in 5.2.2. was followed, but 

days post partum and the age of the mothers were not strictly 

observed.

During the last 3-4 years, the people in this area 

depended on food brought from other areas due to continued 

drought. Since food has been reported to be a source of 

pesticide contamination in the milk (Noren, 1983), it was 

necessary to monitor the mother's milk during and after the 

drought. The change from cotton growing to food crops growing 

could also bring a change in the levels of pesticide residues 

in the mothers milk. Turkana was therefore found to be a 

suitable area to investigate the change in levels of pesticides
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in the mother's milk due to the changes also in the 

agricultural activities.

6.2 MATERIALS AND METHODS

30 mother's milk samples were collected in 1983 and a similar 

number in May 1984. Seven of the mothers who participated in 

August 1983 had their milk collected again in November 1984.

The samples were preserved with formalin and then frozen until 

analysed. The analysis was carried out as given in section 5.3.

6.3 RESULTS AND DISCUSSION

The levels of p,p'-DDE, p,p'-DDT and sum DDT in the mother's 

milk fat from Turkana are given in Table 6.1. The mean level of 

sum DDT decreased from 10.47 mg/kg to 6.00 mg/kg milk fat 

within 15 months. At the same time, the ratio of p,p'-DDT to 

p ,p '-DDE dropped from 22.6 to 1.8. By comparing the results of 

the 30 samples collected in August 1983 to an equal number of 

samples collected in May 1984, a similar trend as expressed 

above is noted. The mean level of sum DDT dropped from 7.79 
mg/kg to 4.49 mg/kg milk fat within nine months and at the same 

time, the ratio of p,p-DDT to p,p'-DDE dropped from 4.4 to 3.2. 

DDT was used intensively in cotton production until January 

1984. Thereafter DDT was only used in outplanting of sorghum. 

Thus, human milk proves to be a good indicator for monitoring 

environmental contamination by DDT and DDE.
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Table 6..-.1 Changes in levels of p.p'-DDT and p.p’-DDE, ig/kg, (PP«) fat, in Kenyan 

huian ailk froi Turkana.

Area Tiie of 
saipling

Mo. of saiples Percentage fat 
Mean (Range)

p.p’-ddt 
Mean (Range)

Turkana August 1983 7 3.3 (1.6-4.3) 7.87 (2.37-21.47)

November 1984 7 2.4 (1.3-4.0) 3.66 (0.98-9.10)

August 1983 30 3.0 (0.9-8.8) ' 7.38 (0.29-26.23)

May 1984 30 3.6 (1.3-7.0) 3.18 (0.79-7.40)

Area Tiie of 

of saipling

p,p’-DDE 

Mean (Range)

Sui DDT 

Mean (Range)

p.p'-DDT 
p.p’-DDE 
Mean (Range)

Turkana August 1983 2.73 (0.04-750) 10.47 (3.22-30.13) 22.6 (2.3-140)

Noveiber 1984 2.10 (0.48-5.04) 6.00 (1.51-14.70) 1.8 (1.3-2.1)

August 1983 2.17 (0.04-7.80) 7.79(0.44-32.82) 4.4 (1.0-20*7)

* May 1984 . 1.18 ( 0.25-2.36) 4.49 (1.2-9.37) 3.2 (0.6-30.2)
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CHAPTER SEVEN

ORGANOCHLORINE PESTICIDE RESIDUES IN FOODS FROM DIFFERENT

REGIONS IN KENYA

7.1 INTRODUCTION

DDT and other organochlorine pesticides have been used in 

agriculture against pests such as caterpillars, army worms, 

maize sta]k borer, aphids and others. Since the pest damage may 

occur at different stages of crop growth, the spraying of the 
crop with pesticides is done at all these stages. Residues of 

these pesticidaJ chemicals may remain in the crop until it is 

consumed and the effects on humans can be acute or chronic. In 

developed countries, there are programs to monitor the levels 

of pesticide residues in foods, and this has led to the setting 

up of tolerance levels for organochlorine compounds in food and 

beverages (FAO/WIIO 1982) .

In Kenya, there are about 121 pesticides which have been 

permitted for use in food crops and their tolerance levels are 

listed in the Food, Drugs and Chemical substances. Act. Cap.

254 (Revised 1980), Laws of Kenya. The increased use of 

pesticides in crop protection, increases the possibility of 

food contamination and the consequent exposure of humans to 

these products. The intake of organochlorine contaminated food, 

especially foods of animal origin, is significant because these 

compounds are lipophilic and will accumulate in the human body
fat.
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There is a need for continuous analysis for pesticide residues 

in foods offered for sale in order to take steps to reduce the 

concentrations when the levels exceed the tolerances set. This 

can also help to determine whether the government restrictions 

on DDT reduce the residue levels.

The levels of organochlorine compounds reported in food samples 

by developed countries are generally low (FAO/WIIO, 1982; 

Gartrell et al., 1985;1986). In many of these countries, a 

decline in the levels of DDT complex in foods, especially of 

animal origin, has been observed (FAO/WIIO, 1982) . Data in Norway 
show that the levels of DDT complex in different species of 

fish and in human milk have decreased after the use of DDT was 

banned (Skaare, 1981; Skaare et al. , 1985). Levels of HCH 

isomers in foods of animal origin and in human milk in Japan 

have also declined since 1971, after the extensive use of HCH 

ceased (FAO/WHO, 1982).

Excessive mortality of poultry and contamination of 

poultry meat and eggs resulting from an incident of dieldrin 

contamination of the housing environment was reported by Bell 

et al. , (1983) who also found high levels of dieldrin in the 

blood of the workers.

However, there are not many studies done on food contami

nation in developing countries where the organochlorine pesti

cides are still in use.

In a recent study on organochlorine pesticides residues in 

145 eggs and 105 chicken fat samples from 11 districts in 

Kenya, 12 different residues were detected (Kahunyo, 1983) . The
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DDT-group showed both the highest incidence and the highest 

levels. This was followed up in a similar study where 367 eggs 

and 42 chicken feed samples were collected from Embu and Meru 

districts and analysed for organochlorine pesticide residues 

(Mugambi, 1986). All the eggs contained p,p'-DDT and/or its 

metabolite p,p'-DDE. Maitho (1978) found low residue levels of 

the DDT-group in cow's milk and body fat.

In the present study, 243 food samples were collected 

parallel to the collection of human milk samples from six 

different areas in Kenya and investigated for residues of 

organochlorine pesticides and PCBs. The aim of this study was 

to identify and evaluate the relative contribution of foods for 

the occurrence of organochlorine pesticides in human milk.

7.2 MATERIALS AND METHODS

7.2.1 Collection of food samples and sample handling

Food samples which are representative of the staple food of the 

mothers were collected from each area where the mother's milk 

was also collected. Efforts were made to collect the food from 

the home where the mother was residing. Where this was not 

possible, it was bought from the nearest market. The food 

collected was wrapped in aluminium foil. Except for the dry 

cereals, all the other types of food, cooked or uncooked, were 

kept frozen until analysed.

7.2.2 Types of food collected

The types of foods collected from each area are given in Tables 

7.1-7.6. It was not possible to collect food samples from 

Loitokitok. The food samples collected from Rusinga Island were
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considered representative for the kind of food consumed in the 

Homa Bay area.

7.3 -ANALYTICAL PROCEDURE FOR DETERMINATION OF ORGANOCHLORINE 

PESTICIDES IN FOOD SAMPLES

This was given in section 4.9.

7.4 RESULTS

Organochlorine pesticides found in food samples from different 

areas are listed in Tables 7.1 to 7.6. The residues whose 

identities were confirmed, but which were present at levels 

below the limit of quantitation, are reported as traces. The 

limit of quantitation varied with the chemical compound and the 

type of food. The ranges are given for the samples where the 

pesticide was detected. Table 7.7 indicates the percent of 

incidence of pesticide residue in food sample from each area. 

The mean levels of pesticide residues by food group from each 

area are given in Tables 7.8 to 7.12. In order to calculate the 

average daily intake of pesticide residues in food, the average 

weight of each food group taken by an adult from each area per 

day was estimated and is given in Table 7.13. Only the food 

group collected from each area was considered in calculating 

the average daily intake but where the weight of food group is 

considered to vary, it is indicated in the corresponding 

tables. The average daily intake of a particular pesticide was 

determined by multiplying the mean concentration of the pesti

cide in each food group by the weight of that food group 

consumed in a day and then adding the intakes determined for 

each food group. The calculated average daily intake in
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microgram per day (ug/day) of pesticide by food group from 

Rusinga Island, Turkana, Embu, Karatina and Meru are given in 

Tables 7.14 to 7.18, respectively.
Regional variations in food consumption are reflected in 

slight differences among the foods collected.

The concentration levels of pesticide residues found were 

generally very low. Of the 243 food samples examined for 

organochlorine pesticides, about 50% of them had at least one 

organochlorine residue present. About 10 different organo- 

chlorine pesticide residues were detected. PCBs were not 

detected in any food sample. In some food samples more than two 

organochlorine pesticides were detected. The DDT-group was most 

commonly found in fish samples from Rusinga Island, cow's milk 

from Embu and Meru, vegetables from Embu, and cereals from 

Meru, Turkana, and Embu. Lindane was found in all the samples 

from Turkana, in most of the fish samples from Rusinga Island, 

and at least one category of food from Embu and Meru, with a 

higher incidence of occurrence in vegetables (Table 7.7). 

Highest occurrence of aldrin was in cereals from Turkana. 

Dieldrin was found in fish from Rusinga Island, -HCH was 

found in most of the food samples from Embu and Meru. 

Transnonachlor occurred in 15% and oxychlordane in 5% of food 

samples from Turkana (Table 7.7). p -HCH was detected in at 

least one sample from each area except Nanyuki, which had the 

lowest organochlorine residues in food. There were no residues 

in cash crops from Embu and Karatina (Tables 7.3 & 7.4).
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7.5 DISCUSSION
7.5.1 The DDT-group

The DDT-group showed both the highest incidence and the highest 

levels in food analysed. Eggs collected from different districts 

in Kenya also showed the DDT group to be the most frequent 

contaminant (Kahunyo, 1983; Mugambi et al., 1989).

Rusinga Island

The highest mean level of sum DDT, 128 ug/kg, in food samples 

from this area was found from fish samples. The main contributor 

to sum DDT was p,p'-DDE, which was found in 91% of the samples. 

Since fish is part of aquatic food chains, it is capable of 

bioconcentrating a number of organochlorines. The fish consumed 

by the people from this area is obtained from Lake Victoria 

which receives water from streams, rivers and runoffs during 

the rainy season. Due to use of DDT and other organochlorines 

in agriculture and public health activities, these compounds 

are increasing amounts in the lake.

Fish metabolize these organic compounds similar to mammals 

(Sieber et al., 1977). The finding of high levels of DDE in 

dried fish compared to fresh and smoked fish (Table 7.2), could 

be due to loss of p,p'-DDT through evaporation or conversion of 

p ,p '-DDT to p ,p '-DDE during the drying process. All mothers 

from this area consumed fish which is a staple food. The 

dietary daily intake of DDT from fish was found to be approxi

mately 50 ug/person.
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The other common foods, cereals, pulses and tubers, also 

contained measurable amounts of sum DDT, while no DDT was 

detected in vegetables (Table 7.8). The dietary daily intake of 

DDT from cereals, pulses and tubers was found to be approxima

tely 52, 6 and 2 ug/person, respectively. The calculated daily 

total dietary intake of DDT would be about 111 ug. This value 

is lower than that reported in other parts of the world (WHO 

1982). Other investigators (Westoo et al. , 1978; Hofvander et. 

al. , 1981; Noren, 1983) have attributed fish consumption to be 

a major source of DDT contamination in mothers milk. Only one 

sample of mixed staple food (cooked) was analysed and had a low 

level, 20 ug/kg of sum DDT.

The food intake in Iloma Bay is similar to that in Rusinga 

Island since the people in both areas have similar food habits, 

and fish is obtained from the same source.

Turkana

The staple food of the Turkana people comprises meat, milk
and cereals. DDT group was detected in all of the three food 

groups. The highest mean level of sum DDT, 54.6 ug/kg, was 

found in meat. Food of animal origin has been shown to contain 

higher levels of DDT because of bioaccumulation through food 

chain (Hayes, 1982).

Since DDT had been used in Turkana in cotton growing and 

also on food crops, the finding of its residues in food samples 

from this area are not unexpected. However, the locally grown
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maize and sorghum contained lower levels of sum DDT than 

imported maize (Table 7.1a). The calculated daily dietary 

intake ot sum DDT from meat, milk and cereals was found to be 

approximately 22, 4 and 14 ug/day per person, respectively, 

giving a daily total dietary intake of about 40 ug of sum DDT. 

This value is also lower than some values of sum DDT intake in 

a total diet reported in other parts of the world (FAO/WHO, 

1982). Because of the high levels of DDT found in mother's 

milk, food may not be the major source. However, the results do 

indicate that food also contributes significantly to the body 

burden of DDT. The major source in this area could have been 

direct exposure.

Embu

The highest mean level of sum DDT, 1235 ug/kg in vegetables and 

185 ug/kg in cow's whole milk , were both found from this area. 

Mixed farming is the main agricultural activity of the people 

living in this area and crop protection by use of pesticides 

including DDT was reported. The relative high mean level of sum 

DDT, 54.5 ug/kg, in cereals from this area, reflects current 

use of DDT. Since it is a normal practice to feed animals with 

plant material, e.g maize stalks, peeling from potatoes etc., 

the cow's milk may become contaminated with pesticides if the 

feeds had been sprayed previously. Direct exposure may occur if 

the cows enter areas which have been sprayed with pesticides. 

Thfe calculated daily dietary intake of sum DDT,ug/day per 

person,was approximately 0.3 from roots, 22 from cereals, 28 

from milk and 247 from vegetables, which gives a daily total
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dietary intake of 297 ug. This value is about five times higher 

than the sum DDT in total diet reported from Guatemala (FAO/WHO 

1982). As mentioned earlier, Kahunyo (1983) and Mugambi et al. 

(1989) found eggs from this area to have the highest levels of 

organochlorines. Furthermore, the finding of high levels of sum 

DDT in vegetables corresponds to the highest mean level of sum 

DDT in milk of mothers who are mainly vegetarians in this area 

(chapter 5) . The mixed food, which is a mixture of the four 

main food groups viz. cereals, pulses, vegetables and roots, 

gives a lower total daily dietary intake of sum DDT, 48.6 

ug/kg, the milk intake included. A part from the staple food 

which comprise the four major food groups considered, cow's 

milk was consumed by all the mothers. The daily consumption of 

foods which contains pesticide residues seems to contribute 

significantly towards the contamination of the mother's milk.
y

Karatina

The staple food of people in this area is very similar to that 

of Embu and Meru. This seems to be an area with the least 

contamination. As mentioned elsewhere (5.5.4) this is an area 

with good agricultural practice. It is likely that people in 

this area are aware of the effects of chemical contamination 

since farming is the main occupation, with crop protection 

being practiced. Furthermore, the people growing crops for 

their own consumption may not be applying chemicals. There were 

no DDT residues in pulses, fruits, roots, and tubers, but this 

could be due to the small sample size. Cow's milk, which is 

also part of total daily diet, was not sampled. The calculated



165

daily dietary intake of sum DDT from cereals and vegetables 

were approximately 21 and 6 ug/day per person, respectively.

The total daily dietary intake of Sum DDT was 27 ug. This value 

is similar to the 31 ug calculated from the mixed food. Mixed 

food comprised cereals, pulses, vegetables roots and tubers. 

These values are lower than the corresponding values obtained 

from Rusinga Island, Turkana and Embu and also reflects the 

lower levels of sum DDT found in mother's milk from this area 

(5.5.4).

Meru

Farming is the main agricultural activity of the people in this 

area. Plant protection by application of pesticides was 

reported in this area. The staple food of the people is similar 

to those in Embu and Karatina which comprises cereals, pulses, 

vegetables, roots and tubers. The mean levels of sum DDT in 

cereals was 12.8, vegetables 15.3, pulses 50.9, and milk 178 

ug/kg. There were no DDT residues detected in roots and tubers. 

The calculated daily intake of sum DDT by food group was 3 from 

vegetables, 6 from cereals, 13 from pulses and 27 from milk 

ug/day, which gives a daily total dietary intake of 49 ug. The 

mixed food which comprised cereals, vegetables and pulses gave 

a total dietary intake of 34 ug (milk not included). The 

highest mean level of sum DDT from the cow's milk could be due 

to feeding the animals with contaminated plant materials which 

had been previously sprayed with pesticide chemicals.
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Nanyuki

The food samples collected from this area contained no DDT 

residues. No pesticides were reported used in this area. The 

food was collected only from those people who were agricultu

ralists. It was not possible to collect food samples from the 

nomads. However, one of their common food was cereals, mainly 

maize meal, which is an important daily food for almost all 

people in Kenya. It is a crop that requires protection from 

various pests both in the field and in the stores. DDT-group 

was found in most of the cereal samples analysed in all other 

areas, but in most samples the levels were below quantitation 

levels. However, in addition to the consumption of food containing 

low levels of pesticide residues there could be other sources of 

organochlorine in breast milk.

7.5.2 OTHER ORGANOCHLORINES 

HCH isomers

o j i - a n d  ^-HCH isomers were detected in various food groups 

and at different levels. The highest mean level of cC-HCH, 10.3 

ug/kg, was found in milk samples from Embu with corresponding 

high levels, 11.1 ug/kg and 22.1 ug/kg, ofJ  -HCH and ^y-HCH 

(lindane), respectively. The presence of these HCH-isomers in 

foodstuffs may be due to the use of commercial insecticide HCH, 

which contains a mixture of different isomers. The other food 

group found to contain low but measurable quantities of HCH, 

was meat from Turkana. The calculated daily total intake of 

-HCH was 3.9 in Turkana, 3.1 in Meru, 2.2 in Karatina and 1.6
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in Erabu ug/day per person. Similarly the calculated total 

intake of lindane was 18.4 from Turkana, 15.8 from Embu, 14.2 

from Meru and 7.3 ug/day from Karatina. The occurrence of these 

compounds in foods reflects, their use in agriculture. These 

levels are lower than those reported in India (Kaphalia et al., 

1985), but higher than those reported in other countries 

(FAO/WHO, 1982). They reflect the corresponding levels found in 

mothers milk (Table 5.5). In Japan where HCH was used in rice 

fields, ^ -HCH was found to be the most important contaminant 

in milk and beef (Minagawa, 1979) .

Aldrin and dieldrin

Aldrin and dieldrin were both detected mostly in cereals from 

Embu. This could be due to the intense use of both compounds in 

agriculture. In Rusinga Island dieldrin was detected only in 

fish, pulses and vegetables. Dieldrin might be an oxygenated 

metabolite of aldrin, but is likely to have come from aerial 

spraying against tsetse flies along the lake in this region. 
This may contaminate the vegetation around the lake and the 

lake waters, leading to dieldrin accumulation in fish. In 

Turkana, aldrin was found in meat, cereals and pulses, but no 

dieldrin. Aldrin was used as an insecticide in seed dressing. 

Maize seeds from Turkana contained high levels of this compound 

(Table 7.1). Apart from its use in seed dressing, it is also 

used against other insects in food crops. The consumption of 

aldrin contaminated plant materials by animals may lead to its
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accumulation in the animal fat. Dieldrin was also detected in 

cereals from Karatina and pulses from Meru, but the levels were 

low. The calculated daily total dietary intake of dieldrin in 

Embu was 4.4 ug and 24.8 ug in Rusinga Island, and the calcu

lated daily total dietary intake of aldrin in Turkana was 3.7 

ug. The presence of aldrin and dieldrin in mothers milk (Table 

5.4) seems to be directly associated with their use in agri

culture.

Heptachlor epoxide, oxychlordane and transnonachlor

Heptachlor epoxide, which is a metabolite of heptachlor, was 

found in all food groups from Embu. The highest mean level was 

found in cow's milk samples, which again may be due to 

pesticide contamination of the feedstuffs since this was the 

area that reported intense use of a large number of organo- 

chlorine pesticides in agriculture. Only two cereal samples 

from Meru were found to contain low levels of heptachlor.

The calculated daily total intake of heptachlor epoxide in food 

from Embu was 15 ug. However, no corresponding residues were 

detected in mother's milk. Oxychlordane and transnonachlor were 

only detected in meat samples from Turkana, but no residues of 

these compounds occurred in mother's milk.

7.6 CONCLUSIONS 4

1. The occurrence of pesticide residues in food samples were 

associated with the use of similar pesticides in the area.

2. Although pesticide contamination in foods was low the 

prolonged or consumption of large quantities of such foods, may
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lead to accumulation in the human body as evidenced by excretion 

of organochlorine residues in mother's milk.

3. Food of animal origin usually contained higher levels of the 

DDT-group of compounds compared to other food groups.

4. Good agricultural practice and personal hygiene may reduce 

the daily total dietary intake of the pesticide residues.

5. The results of this study confirm that food is a major 

source of organochlorine in the human body.

6. It is important that studies of levels of organochlorine in 

food should be repeated at intervals in order to detect any 

increase in residue contamination levels, so that necessary 

steps may be taken.

/



l a b i a  7 / l a Levels of compounds of the DDT-group in food samples collected from Turkana

Product No. of 
samples

p,p'-DDT p,p'-DDE o,p'-DDT p.p'-DDD Sum DDT
No. ng/kg No. ng/kg No. F9/kg No. ng/kg Fg/kg
positive Mean(Range) positive Mean(Range) positive Mean(Range) positive Mean(Range) Mean(Range)

MEAT
Cow 1 1 13.5 1 3.7. 1 6.2 0 23.8
Sheep 1 1 19.1 0 - 0 0 19.1
Goat 1 0 0 - 0 0 0
FAT
Cow 1 1 49.8 1 33.9 1 31.0 121 .0
MILK
Cow 2 0 1 Trace 0 1 Trace
Goat 2 2 3.0(T-3.0) 1 3.8 1 Trace 1 Trace 7.2(T-7.2)
Dried 1 0 0 0 0
CEREALS
•Maize
(seeds) 1 1 6.4 0 0 0 6.4
•Maize 1 0 0 0 0
'Maize-
flour
Maize-

3 3 75.8(8-82.7) 3 7.8(T-1 3) 3 14.7(T-16.2) 0 1 00.8(8-1 02)

flour 1 1 18.1 1 1.2 1 4.1 0 23.4
Sorghum 2 2 5.0(2.9-7) 1 7.2 0 0 13.0(2.9-1 4.9)
'Wheat 1 0 0 0 0
PULSES
'Beans
Green

1 1 Trace 0 0 0
grams 1 1 Trace 0 0 0

•Imported from outside the district
The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present
at concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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Table 7.1b Levels of a - H C H ,  p -  HCH, lindane, aldrin and dleldrin jag/kg (ppb) in food sample collected from Turkana

Product No. of 
sample;

a-HCH p - HCH Lindane Aldrin Dieldrin

No.
positive Mean(Range)

No.
positive FQ/kgMean(Range)

No.
positive

Fg/kg
Mean(Range)

No.
positive

ng/kg No. 
Mean(Range) pos. Mean(Range)

MEAT •
Cow 1 0 0 1 5.3 1 3.7 0
Sheep 1 0 1 4.2 1 8.7 1 1.5 0
Goat 1 0 0 1 7.1 0 0
FAT
Cow 1 1 5.6 1 15.1 1 2.5 0 1 1 126.4

MILK
Cow 2 0 0 2 1.1(0.7-1.5) 0 0
Goat 2 0 0 2 0.3(0.2-0.4) 0 0
Dried 1 0 0 1 0.1 0 0
CEREALS
a*Maize
(seeds) 1 0 0 1 1020.6 1 105.3 1 20.4
‘Maize
‘Maize-

1 0 0 0 1
41.9

2.7 0

flour
Maize-

3 0 0 3 (4.3-116.6) 3 5.9(5.6-6..5)0

flour 1 0 0 1 3.3 1 3.9 0
Sorghum 2 0 0 2 14.8(2.8-26.8)1 4.2 0
‘Wheat 1 0 0 1 3.1 1 4.2 0

PULSES
‘Beans
Green-

1 0 0 1 28.7 1 4.0 0

grams 1 0 0 1 4.3 1
--Z-------------------

0.8 0
‘ Imported from outside the district. a not included in the calculation of the daily intake.
The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present
at concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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Table 7.1c Levels of some organochlorine compounds and PCBs in food samples collected from Turkana

Product No. of HC8 Oxychlorane Transnonachlor PC8
samples

No. pg/kg No. ng/kg No. Fg/kg No. pg/kg
positive Mean(Range) positive Mean(Range) positive Mean(Range) positive Mean(Range)

MEAT
Cow 1 0 1 3.6 1 5.2 0
Sheep 1 1 1.1 0 1 8.8 0
Goal 1 0 0 0
FAT
Cow 1 1 3.1 0 1 8.9 0
MILK
Cow 2 2 1(0.5-1.5) 0 0 0
Goat 2 2 0.2(0.1-0.2) 0 0 0
Dried 1 0 0 0 0

CEREALS
•Maize
(seeds) 1 0 0 0 0
•Maize
•Maize-

1 0 0 0 0

flour 3 0 0 0 0
Maize-
flour 1 0 0 0 0
Sorghum 2 0 0 0 0
•Wheat 1 0 0 0 0
PULSES
•Beans
Green-

1 0 0 0 0

grams 1 0 0 0 0

'Imported from outside the district
The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but
which were present at concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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Table 7.2a Levels of DDT and metabolite residues in food samples collected from Rusinga Island

P ro duct No. of 
sam ple

p .p ' -D D T
s

p ,p '-D D E o ,p '-D D T p .p '-D D D Sum  D D T

No.
po sitive

p g/k g
M e a n (R a n g e )

No.
positive

ng/kg
M ean(R ange)

No.
po sitive

ng/kg
M ean(R ange)

No.
positive

ng/kg
M ean(R ange)

^g/k g
M e a n (R a n g e )

FISH
Fresh 5 3 3 3 .2 (T -5 5 .3 ) 5 5 6 .4 (1 4 .9 -1 2 2 .4 ) 1 9.7 1 15.4 9 4 (3 0 .5 -1 6 1 )

Dried 5 0 4 1 3 0 .6 (1 4 .4 -3 3 0 .3 ) 0 1 15.6 1 4 9 (3 3 .3 -3 6 7 )

Smoked 1 1 11.1 1 92.0 0 1 26 142.1

Cooked 2 0 0 0 0

COW  M EAT 1 0 0 0 0

COW  MILK 1 0 0 0 0

CEREALS
•

Maize 1 1 3 6 .7 0 0 0 3 6 .7

Sorghum 1 0 1 83.5 0 0 9 2 .7

Millet 1 0 0 0 0 0

Rice 1 0 0 0 0 0

PULSES
Beans 1 0 1 38.5 0 0 4 2 .7

Greengrams 1 0 1 31.4 0 0 3 4 .9

VEGETABLES
Tomatoes 1 0 0 0 0

Kale(fresh) 1 0 0 0 0

Kale(cooked) 3 0 0 0 0

R O O TS & TUBER S
Cassava 1 0 1 Trace 1 Trace 1 Trace

S w e e t- -
potatoes 1 1 3 6 .7 0 0 0 3 6 .7

MIXED FOOD (Cooked)
Maizemeal +
kale 1 0 0 0 0

Maizemeal 1 0 1 ^  18.0 0 0 2 0 .0

The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present 
at concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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Table 7.2b Levels of a - H C H ,  p -  HCH, lindane, aldrtn and dleldrln pg/kg (ppb) in food sample collected from Ruslnga Island

P ro duct No. of 
sam ples

a - H C H p -  H C H Lindane A ld rin D ie ld rin

No.
p o sitive

ng/kg
M e a n (R a n ge )

No.
p o sitive

ng/kg
M e a n (R a n ge )

No.
positive

ng/kg
M ean (R a n ge )

No.
p ositive

M.g/kg No. 
M ean (R a n ge ) pos.

ng/kg
M e a n (R a n ge )

FISH
Fresh 5 3 2 .5 (2 .1 -3 .3 ) 0 4 2 .8 (2 .4 -3 .3 ) 0 2 4 4 .5 (1 5 -7 3 .9 )

Dried 5 3 8 .6 (1 -1 0 ) 0 2 4 .5 (2 .5 -6 .4 ) 0 3 6 4 .6 (2 5 .5 -1 2 3 .2 )

Smoked 1 1 1.3 0 1 2.5 0 1 17.4

Cooked 2

COW  M EAT 1

COW  MILK 1

CEREALS
Maize 1 0 1 203.4 0 0 0

Sorghum 1 1 Tra ce 0 0 0 0

Millet 1 0 0 0 0 0
Rice 1 0 0 0 0 0

PULSES
Beans 1 0 0 0 / 0 1 21.8

G reen-
grams 1 0 0 0 0 0

VEGETABLES •
Tomatoes 1 0 0 0 0 0
Kale(fresh) 1 0 0 1 3.8 0 1 9.1

Kale
(Cooked) 3 0 0 1 33. 4 0 1 5.8

R O O TS  &
TUBERS
Cassava 1 0 0 0 0 0

Sweet
potatoes 1 0 0 0 0 0
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Cont. Table 7.2b

Product No. of 
sample

a - H C H P -  H C H Lindane Aldrin Dieldrin

No. ng/kg No. ng/kg No. ng/kg No. ng/kg No. ng/kg
positive Mean(Range) positive Mean(Range) positive Mean(Range) positive Mean(Range) pos. Mean(Range)

MIXED FOOD 
(Cooked) 
Maizemeal-f- 
Kale 1 0 0 0 0 0
Maizemeal 1 0 0 0 0 0

The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were 
present at concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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Table 7.3a Levels of compounds of the DDT-group In food samples collected from Karatina

Product No. of 
samples

p,p'-DDT p,p'-DDE o,p'-DDT p,p'-DDD Sum DDT
No.
positive

pg/kg
Mean(Range)

No.
positive n g /k gMean(Range)

No.
positive n g /k gMean(Range)

No.
positive

pg/kg
Mean(Range)

M-g/kg
Mean(Range)

COFFEE(fresh
beans) 2 0 0 0 0 0

Tea(fresh
leaves) 2 0 0 0 0 0

(processed) 1 0 0 0 0 0
-

CEREALS
Maize 4 0 0 0 0 0

Maize flour 2 1 Trace 1 3.9 0 1 34 42.1

Sorghum 1 0 0 0 0 0

Sorghum flour+
Maize flour 1 1 Tra ce 0 1 0 0 0

PULSES '

Beans 1 0 0 0 0 0

VEGETABLES
Kale 3 0 0 0 0 0

Tomatoes 2 0 1 26.5 0 0 2 9 .4

Cabbage 1 0 0 0 0 0

Pumpkin
leaves 2 0 0 0 0 0

R O O TS &
TUBERS
Potatoes 5 0 0 0 0 0

FRUITS
Passion
fruit 2 0 0 0 0 0

Banana 1 0 0 0 0 0

i
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Cont. Table 7.3a

Product No. of 
samples

p,p'-DDT p,p'-DDE o,p'-DDT p,p'-DDD Sum DDT
No. ng/kg No. n g 'k g No. M-g/kg No. M-g/kg )ig/kg
positive Mean(Range) positive Mean(Range) positive Mean(Range) positive Mean(Range) Mean(Range)

MIXED FOOD 
(Cooked) 
Maize+ 
beans 1 1 20.6 0 0 0 20.6
Cooked maize+ 
beans 1 1 15.3 1 15.4 0 0 32 .4

The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present 
at concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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Table 7.3b Levels of a - H C H ,  p -  HCH, lindane and dleldrin p.g/kg (ppb) in food sample collected from Karatlna

P roduct No. of 
sam ples

a -H C H p -  H C H Lindane D ie ld rin

No.
p ositive

ng/kg
M e a n (R a n ge )

No.
positive

ng/kg
M ean(R ange)

No.
po sitive

M-g/kg No. p.g/kg 
M e a n (R a n ge ) pos. M e a n (R a n ge )

COFFEE(fresh beans)i 2 0 0 0 0 0

TEA (Fresh leaves) 2 0 0 0 0 0
(processed) 1 0 0 0 0 0

CEREALS
Maize 4 1 1.4 0 1 3.2 1 4.1

Maize flour 2 0 0 0 0 0

Sorghum 1 0 0 0 0 0
Sorghum flour+
Maize flour 1 0 1 4.4 1 5.3 0 0

PULSES
Beans 1 0 0 0 0 0

VEGETABLES
Kale 3 0 0 1 50.5 0 0
Tomatoes 2 0 0 1 2.3 0 0
Cabbage 1 0 0 0 0 0
Pumpkin leaves 2 0 0 0 0 0

R O O TS & TUBER S
Potatoes 5 0 0 0 0 0

MIXED FOOD
Maize+beans 1 1 1.9 0 1 Trace 1 4 .4

Cooked maize+beans 1 0 0 0 1 4 .4

The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present 
at concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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T a b le  7»4a Levels of compounds of the DDT-group in food samples collected from Embu

Product No. of 
samples

p ,p '-D D T p ,p '-D D E o ,p '-D D T p ,p '-D D D Sum D D T

No.
positive

pg/kg
Mean(Range)

No.
positive

pg/kg
M ean(Range)

No.
positive

pg/kg
Mean(Range)

No.
positive

pg/kg pg/kg 
Mean(Range) Mean(Range)

\
COWS MILK 8 2 1 8 6 (140-231) 6 2 7 (6 -5 7 ) 2 2 2 .4 (2 2 -2 2 .9 ) 2 172(118-226) 1 85(56-570)
CCFFEE
(beans) 2 0 0 0 0
Tea(leaves) 2 0 0 0 0

CEREALS
Maize
(green) 2 0 1 16.5 0 0 18.3
Maize(dry) 3 1 76.1 1 Trace 1 Trace 0 84.5

Maize
(yellow) 1 0 0 0 0
Sorghum 5 0 3 2 0 .1 (1 3 .7 -25 .4 ) 0 0 2 2 .3 (1 5 .2 -28 .2 )
Millet 3 0 0 0 0
Millet flour 2 0 0 0 0
Wheat flour 4 0 1 83.3 0 0 92.5

PULSES
Beans 5 0 1 Trace 0 0
Cowpeas 8 0 3 Trace 0 0
Green-
grams 4 0 0 0 0

VEGETABLES
Tomatoes 6 5 1180(75.4-2694) 5 3 9 .4 (9 .2 -1 1 0 .5 ) 5 317(2 5 .9 -9 1 6 ) 3 1314(71.5-3468) 2458(114-5357)

Cabbage 1 0 0 0 0 0

Kale 2 0 1 Trace 0 0 0
Green vege-
tables 8 0 3 1 0 .9 (5 .6 -1 9.7 ) 0 0 1 2 .1 (6 .2 -2 1.9 )

ROOTS &
TUBERS
English
potatoes 3 0 1 5.6 0 0 6.2
Carrots 2 0 0 0 0
Sweet
potatoes 2 0 1 5.6 0 0 6.2
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Cont. Table 7.4a

Product No. of
samples

p .p '-D D T p ,p '-D D E o ,p '-D D T p ,p '-D D D Sum D D T

No. pg/kg No. pg/kg No. pg/kg No. pg/kg pg/kg
positive Mean(Range) positive Mean(Range) positive M ean(Range) positive Mean(Range) M ean(Range)

A rro w
roots 2 0 2 Traces 0 0

FRUITS 
Banana 
(green) 1 
Banana

0 0 0 0

(roasted) 1 0 0 0 0
Mangoes 1 0 0 0 0
Lemon 2 0 0 0 0
Passion 
fruit 4 0 0 0 0

MIXED FOODS 
Maize+beans(not 
cooked) 2 
Maize+beans

0 0 0 0

(cooked/ 
boiled) 7 
Mashed yellow

0 2 11.5 (9 .9 -13.1 ) 0 0 12.8 (1 1 -1 4 .5 )

maize+cow- 
beans 1 
Mashed maize+ 
beans+

0 0 0 0

potatoes 1 
Fried kale-t-

0 0 0 0

carrots 1 
Maize meal

0 1 21.3 0 1 23.6

cooked 1 0 0 0 0
Cooked green 
vegetables 1 0 0 0 0

The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present at 
concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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Table 7,4b Levels of a - H C H ,  P-HCH, lindane and heptachlor epoxide in food samples collected from Embu

Product No. of a -H C H Lindane p-HCH Oieidrin Heptachlor epoxide Aldrin

samples

No. ^g/kg No. Hg/kg No. ng/kg No. ng/kg No. ng/kg No. ng 'kg
pos. Mean( Range) pos. Mean( Range) pos. Mean(Range) pos. Mean(Range) pos. Mean(Range) pos. Mean(Range)

COWS MILK 8 2 1 0 .3 (3 .9 -1 6 .6 ) 1 22.1 1 11.1 0 2 3 8 .5 (1 9 .4 -5 7 .6 ) 0
COFFEE BEANS 2 0 0 0 0
TE A  (leaves) 2 0 0 0 0

CEREALS
Maize(green) 2 0 0 0 0 1 6.4 0

M aize(dry) 3 0 1 6.8 0 0 0 0
Maize(yellow) 1 0 0 0 0 0 0

TraceSorghum 4 1 5.6 1 9.0 0 0 0 1

Millet 3 1 5.6 1 Trace 0 1 7.7 0 0

Wheat flour 4 1 13.8 1 5.4 0 0 0 1 43.0

PULSES
Beans 5 0 1 Trace 0 0 0 0
Cowpeas 8 2 12.5 2 Traces 2 Traces 1 5.8 1 3.7 0

Greengrams 4 0 0 1 Trace 0 1 6.4 0

VEGETABLES
Tomatoes 5 3 Traces 1 15.6 0 0 0 0

Cabbage 1 0 0 0 0 0 0

Kale 2 2 3 .0 (2 .9 -3 ) 1 9.05 0 0 0 0

Green
vegetables 8 4 1 0 .8 (2 .2 -3 2 .4 ) 5 1 2 1 (1 4 .8 -2 7 8 ) 0 0 1 19.4 0

ROOTS & 
TUBERS 
English 
potatoes 3 0 0 0 0 1 14.6 0

Carrots
Sweet

2 0 0 0 0 0 0

potatoes 2 0 • 0 0 0 0 1 Trace

Arrow roots 2 1 4.2 1 45.0 0 1 49.3 1 14.9 0



Cont. Table 7.4b

Product No. of a -H C H Lindane P-HCH Dieldrin Heptachlor epoxide Aldrin
samples
No. Hg/kg No. ng/kg No. ng/kg No. Fg/kg No. ng/kg No. ng/kg

pos. Mean( Range) pos. Mean( Range) pos. Mean(Range) pos. Mean( Range) pos. Mean(Range) pos. MeantRange)

FRUITS
Banana(green)
Banana

1 0 0 0 0 0 0
(roasted) 1 0 0 0 1 6.6 1 9.6 0
Mangoes 1 1 6.4 0 0 0 0 0
Lemon 2 0 0 0 0 0 0
Passion fruit 4 4 Traces 2 Traces 0 0 0 0
MIXED FOODS 
Maize+beans 
(not cooked) 
Maize+beans

2 1 Trace 1 5.4 0 0 0

(cooked/
boiled)
Mashed yellow

7 4 1 2 .4 (2 .9 -2 2 ) 2 9 .0 (5 .4 -1 2 .5 ) 0 1 14.6 1 7.3 0
maize+ 
cowpeas 
Mashed maize+ 
beans+

1 0 0 0 0 0 0

potatoes 
Fried kale+

1 0 0 0 0 0 0

carrots 1 1 Trace 0 0 0 1 4.3 0
Cooked maize 
meal 1 1 11.2 0 0 0 0 1 Trace
Cooked green 
vegetables 1 0 0 0 0 0 0
The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present at 
concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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Table 7.5a Levels of compounds of the DDT-group in food samples collected from Meru

Product No. of 
samples

p ,p '-D D T p ,p '-D D E o ,p '-D D T p ,p '-D D D Sum D D T

No. pg/kg No. pg/kg No. P-g/kg No. pg/kg fig/Kg
positive M ean(R ange) positive M ean(Range) positive M ean(Range) positive M ean(R ange) M ean(R ange)

MILK
Cow's milk 6 5 2 8 .4 (1 9 -3 8 ) 6 1 2 9 (4 1 .5 -3 5 0 ) 4 7 .6 (T -1 0 ) 6 8.1 ( T -1 3 .5 ) 1 7 8 (6 5 -4 4 2 )

CEREALS
Maize 5 2 9.1 0 0 0 9.1
Sorghum+
millet 7 4 1 2 .t ( 9 . 1 -19.4 ) 3 7 .8 (4 .8 -1 2 .2 ) 1 10.5 0 1 6 ,5 (7 ,2 -3 1 )

PULSES
Beans
Green-

4 0 0 0 0 0

grams
Oolichos

1 1 50.9 0 0 0 50.9

beans+ 
pigeon peas 2 0 0 0 0 0

1
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Cont. Table 7.5a

Product No. of
samples

p .p '-D D T p ,p '-D D E o (p '-D D T p ,p '-D D D Sum D D T

No. M-Q/kg No. No. M-Q/kg No. ng/kg M-g/kg
positive M ean(R ange) positive M ean(Range) positive M ean(Range) positive M ean(Range) M ean(R ange)

VEGETABLES 
Green vege
tables 1 1 15.3 0 0 0 15.3
Cabbage 3 0 0 0 0 0
Tomatoes 2 0 0 0 0 0

ROOTS &
TUBERS
English
potatoes 3 0 0 0 0 0

MIXED FOOOS 
Maize+beans+ 
green vege
tables 4 
Maize+beans+

4 1 0 .1 (7 .2 -1 5 .3 ) 0 1 Trace 0 1 0 .1 (7 .2 -1 5 .3 )

dolichos 
beans 1 
Maize+doli-

1 9.3 0 1 Trace 0 9.3

chos beans 1 1 38.8 0 1 3 8 ,8 0 81.9
Maize+
beans 13 7 1 0 .7 (5 .4 -2 3 .2 ) 1 5.3 2 Traces 0 1 6 .6 (5 .4 -2 3 .2 )

T h e  mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present 
at concentrations below the limit of quantitation. Th e  limit of quantitation varied with the compound and type of food.
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I f i t i i S _7i5fr Levels of other organochlorlne compounds In food samples collected from Meru

Product No. a-HCH p-HCH Lindane Aldrin DiekJrin Heptachlor Heptachlor
of
sam-

epoxide

pies ng/kg M-g/kg jig/kg M-g/kg jig/kg ng/kg wykg
No. Mean No. Mean No. Mean No. Mean No. Mean No. Mean No. Mean
pos. (Range) pos. (Range) pos. (Range) pos. (Range) pos. (Range) pos. (Range) pos. (Range)

MILK 
Cows milk 6 0 0 2 Traces 0 0 0 0

CEREALS
Maize
Sorghum*

5 2 6.2(T-6.2) 1 Trace 3 28.0(T-50.4) 0 0 1 Trace 

1 1.8

0

millet 7 7 3.3(1.3-8.4) 0 7 17.4(3-49.7) 2 Traces 0 0

PULSES
Beans 4 0 0 1 4.5 0 0 0 0
Greengrams 1 0 1 12.5 1 Trace 0 1 34.3 0 0
Dolichos beans* 
pidgeon peas 2 0 0 1 1.3 0 0 0 0

VEGETABLES
Green
vegetables 1 1 3.3 0 1 11.3 0 0 0 0
Cabbage 3 0 0 0 0 0 0 0
Tomatoes 2 0 0 0 0 0 0 0

ROOTS & 
TUBERS 
English 
potatoes 3 0 0 0 0 0 0

J

0

MIXED FOODS 
Maize+beans+
green
vegetables
Maize+beans*

4 3 2.7(2.4-3) 0 4 171(4.7-650) 0 0 0 1 3.8

dolichos beans 1 1 1.6 0 1 4.7 0 0 0 0
Maize+dolichos
beans 1 1 4.0 1 2.5 1 6.5 1 6.1 0 0 0
Maize+beans 13 9 1.8(1.1-2.8) 1 Trace 11 7.5(3-13.5) 1 Trace 0 0 0

The mean was calculated only for those samples that were positive. T/Trace refer to those pesticides whose identity was confirmed but which were present 
at concentrations below the limit of quantitation. The limit of quantitation varied with the compound and type of food.
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T g f r le  7 ,6 a Levels of compounds of the DDT-group In food samples collected from Nanyukl

Product No. of 
samples

p ,p '-D D T p tp '-D D E o .p '-D D T p ,p '-D D D Sum D D T

No.
positive

ng/kg
M ean(R ange)

No.
positive

ng/kg
M ean(Range)

No.
positive

ng/kg
M ean(R ange)

No.
positive

ng/kg
M ean(Range)

pg/kg
M ean(R ange)

Maize 3 0 0 0 0
Beans 3 0 0 0 0
Maizes beans
(mixed) 1 0 0 0 0
Potatoes 3 0 1 39.1 1 28.6 0 43.4

Th e  mean was calculated only for those samples that were positive. The  limit of quantitation varied with the compound and type of food.

\
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Table 7.6b Levels of other organochlorine compounds In food samples from Nanyukl

P roduct No. of 
samples

ct-HC H Lindane Dieldrin

No.
p o s itive

ng/kg
Mean(Range)

No.
pos itive

ng/kg
Mean(Range)

No.
pos itive

ng/kg
M ean(Range)

Maize 3 0 0 0
Beans 3 0 0 0
Maize+beans(mixed) 1 0 0 0
Potatoes 3 3 5 .5 (4 .6 -6 ) 0 1 2.8

The mean was calculated only for those samples that were positive. The limit of quantitation varied with the compound and type of food.
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Tgt?l9 7.7, The percent Incident of samples with organochlorine residues from each area.

Sample
collection
area

N P,P'*
DDT

P,P' -
DDE

0 , p -
DDT

P , P -
DDD

HCB a-HCH ^-HCH Aidrin Dlel-
drin

Hepta-
chlor

Hept.
epox
ide

Lin
dane

O x y -
chlor-
dane

Transno-
nachlor

Tu r k a n a 20 70 45 30 15 30 5 1 0 60 1 0 - - 95 5 15

Rusinga Island 30 20 50 7 13 - 27 3 0 30 - - 30 - -

Karat ina 32 13 9 3 3 - 6 3 - 9 - - 16 - -

Embu 98 8 34 8 5 • 32 4 4 5 - 11 22 - -

Me ru 53 49 1 9 19 1 1 - 45 8 8 2 4 2 62 - -

Nanyuki 1 0 - 1 0 10 - - 30 - - 1 0 - - - - -

N: Number of samples
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Table 7.9, Mean levels (pg/kg)of pesticide residues by food group from Rusinga Island

Pesticide Fish Meat Milk Cereals Pulses

p,p'-DDT 25.8 0 0 36.7 0
p.p'-DDE 89.6 0 0 83.5 35.0
Sum DDT 128.3 0 0 129.4 38.8

a -H C H 4.9 0 0 0 0
0 -H C H 0 0 0 203.4 0
Lindane 3.2 0 0 0 0
Aldrin 0 0 0 0 0
Dieldrin 50.0 0 0 0 21.8
PCB 0 0 0 0 0



Vegetables Roots &
Tubers

Mixed foods 
(cooked)

0 36.7 0
0 0 18
0 36.7 20.0

0 0 0
0 0 0
18.6 0 0
0 0 0
7.5 0 0
0 0 0



T a b l e  7 . 9 . M e a n  l e v e l s  ( p g / k g )  o f  p e s t i c i d e  r e s i d u e s  b y  f o o d  g r o u p  f r o m  T u r k a n a

Pesticide Meat Mi lk Cereals Pulses

p,p'-DDT 27.5 3.0 37.4 0
p,p'-DDE 18.8 3.8 6.0 0
Sum DDT 54.6 7.2 36.1 0

a-HCH 5.6 0 0 0
p-HCH 9.7 0 0 0
Lindane 5.9 0.6 23.1 16.5
Aldrin 2.6 0 4.7 2.4
Dieldrin 0 0 0 0
HCB 2.1 0.6 0 0
Oxychlordane 3.6 0 0 0
Transnonachlor 7.6 0 0 0
PCB 0 0 0 0

190



T a b l e  7 . 1 0 .  M e a n  l e v e l s  ( p g / k g )  o f  p e s t i c i d e  r e s i d u e s  b y  f o o d  g r o u p  f r o m  E m b u

Pesticide Mi l k Cereals Pulses Vegetables Roots & 
Tubers

Frui ts Mixed foods

p,p'-DDT 186 76.1 0 1180 0 0 0
p,p'-DDE 27 40.0 0 25.1 5.6 0 16.4
Sum DDT 185 54.5 0 1235 6.2 0 18.2

a-HCH 10.3 8.3 12.5 6.9 4.2 6.4 11.8
p-HCH 11.1 0 0 0 0 0 0
Lindane 22.1 7.1 0 48.5 45.0 0 7.2
Aldrin 0 43.0 0 0 0 0 0
Dieldrin
Heptachlor-

0 7.7 5.8 0 49.3 6.6 14.6
epoxide 38.5 6.4 5.0 19.4 14.9 9.6 5.8



T a b l e  7 . 1 1 .  M e a n  l e v e l s  ( j j .g / k g )  o f  p e s t i c i d e  r e s i d u e s  b y  f o o d  g r o u p  f r o m  K a r a t l n a

Pesticide

p,p'-DDT 
p,p'-DDE 
Sum DDT

a-HCH
p-HCH
Lindane
Dieldrin

Cereals Pulses Vegetables Roots & Frui ts Mixed foods
Tubers

0 0 0 0 0 18.0
3.9 0 26.5 0 0 15.4
42.1 0 ‘ 29.4 0 0 26.5

1.4 0 0 0 0 1.9
4.4 0 0 0 0 0
4.2 0 26.4 0 0 0
4.1 0 0 0 0 4.4
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T a b l e  7 . 1 2 .  M e a n  l e v e l s  ( p g / k g )  o f  p e s t i c i d e  r e s i d u e s  b y  f o o d  g r o u p  f r o m  M e r u

Pesticide Mi l k Cereals Pulses Vegetables Roots & 
Tubers

Mixed foods

p,p'-DDT 28.4 10.6 50.9 15.3 0 17.2
p,p#-DDE 129 7.8 0 0 0 5.3
Sum DDT 1 78 12.8 50.9 15.3 0 29.4

a-HCH 0 4.7 0 3.3 0 2.5
p-HCH 0 0 12.5 0 0 2.5
Lindane 0 22.7 2.9 11.3 0 47.4
Aldrin 0 0 0 0 0 6.1
Dieldrin 0 0 34.3 0 0 0
Heptachlor
Heptachlor

0 1.8 0 0 0 0
epoxide 0 0 0 0 0 3.8
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Table 7.13. Estimated average weight of each food group analysed in a Kenyan adult diet.

Food group Average weight 
g/day

Fish 400
Meat 400
Milk 150
Cereals 400
Pulses 150
Vegetables 200
Roots and Tubers 50



Table_7.14. Calculated daily Intake (pg/day) of pesticide by food group from Rusinga Island

P e s t ic id e F i s h M e a t M i l k C e r e a l s P u ls e s V e g e t a b le s R o o ts  &  
T u b e r s

Sum D DT 51.3 0 0 51.8 5.8 0 1.8
a -H C H 2.0 0 0 0 0 0 0
p -H C H 0 0 0 81.4 0 0 0
Lindane 1.3 0 0 0 0 3.7 0
Aldrin 0 0 0 0 0 0 0
Dieldrin 20.0 0 0 0 3.3 1.5 0 195



T a b l e  7 . 1 5 .  C a l c u l a t e d  d a l l y  I n t a k e  ( p g / d a y )  o f  p e s t i c i d e  b y  f o o d  g r o u p  f r o m  T u r k a n a

Pesticide Meat Mi l k *  Cereals Pulses

Sum DDT 21.8 3.6 14.4 0
a-HCH 2.2 0 0 0
p-HCH 3.9 0 0 0
Lindane 2.3 0.3 9.2 6.6
Aldrin 1.0 0 1.8 0.9
Dieldrin 0 0 0 0
HCB 0.8 0.3 0 0
Oxychlordane 1.4 0 0 0
Transnonachlor 3.0 0 0 0

* Milk: 500 g milk in the diet
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Jat?le 7.16. Calculated dally Intake (jig/day) of pesticide by food group from Embu

Pesticide Mi l k Cereals3 Pulses*3 Vegetables Roots &c Fruitsd Mixed foodse

Sum DDT 27.7 21.8 0 247

Tubers

0.3 0 20.9
a-HCH 1.5 3.3 1.8 1.3 0.2 0.3 13.5
P-HCH 1.6 0 0 0 0 0 0
Lindane 3.3 2.8 0 9.7 0 0 8.2
Aldrin 0 17.2 0 0 0 0 0
Dieldrin 0 3.0 0.8 0 0.3 0.3 16.7
Heptachlor-
epoxide 5.7 2.5 0.7 3.8 1.9 0.4 6.6

a:500 g/day/person b:250 g/day c:200 g/day d:50 g/day e:1150 g/day
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T a b l e  7 . 1 7 .  C a l c u l a t e d  d a l l y  I n t a k e  ( p g / d a y )  o f  p e s t i c i d e  b y  f o o d  g r o u p  f r o m  K a r a t l n a  a r e a .

Pesticide Cereals3 Pulsesb Vegetables Roots &c 
Tubers

Frui ts Mixed foodd

Sum DDT 21.0 0 5.8 0 0 30.5
a-HCH 0.7 0 0 0 0 2.2
p-HCH 2.2 0 0 0 0 0
Lindane 2.1 0 5.2 0 0 0
Dieldrin 2.0 0 0 0 0 5.0

a:500 g/day; b:250 g/day; c:200 g/day; d:1150 g/day
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T a b l e  7 . 1 8 .  C a l c u l a t e d  d a l l y  I n t a k e  ( p g / d a y )  o f  p e s t i c i d e  b y  f o o d  g r o u p  f r o m  M e r u

\

Pesticide Mi l k Cereals3 Pulses*5 Vegetables Roots &c Mixed foods^
Tubers

Sum DDT 26.7 6.4 12.7 3.0 0 33.8
a-HCH 0 2.3 0 0.6 0 2.8
p-HCH 0 0 3.1 0 0 2.8
Lindane 0 11.3 0.7 2.2 0 54.5
Aldrin 0 0 0 0 0 7.0
Dieldrin 0 0 8.5 0 0 0
Heptachlor 0 0.9 0 0 0 0
Heptachlor-
epoxide 0 0 0 0 0 4.3

a:500 g/day; b:250 g/day; c:200 g/day; d:1150 g/day

199
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CHAPTER EIGHT

ORGANOCHLORINE PESTICIDE RESIDUES IN INFANTS MILK FORMULAS

8.1 INTRODUCTION

Breastfeeding has important social and economic consequences, 
especially in low-income countries. It is a dependable means of 
providing infants with a nutritious and easily absorbed food, 
and it gives immunological protection against certain diseases. 
In addition, by prolonging post partum amenorrhea, it increases 
the interval between births.

Today there is a wide variation in the extent and duration 
of breastfeeding among the Kenyan women. Modernization is 
leading towards earlier weaning and discontinuation of breast
feeding particularly in the urban areas, where the mother has 
to work away from home. This, together with the fact that the 
maternity-leave for working mothers in Kenya is only two 
months, forces the working mother to give the baby breast-milk 
substitutes while she is away. Since it has now been established 
that Kenyan mothers milk may contain chemical contaminants, 
which could have adverse effects on the nursing infants, it was 
also found relevant to investigate if the commonly used breast- 
milk substitutes on the Kenyan market might contain similar 
contaminants.

No similar investigation has previously been reported in
Kenya.
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8.2 MATERIALS AND METHODS

Samples of three different brands of infant milk formulas were 

purchased from a supermarket in Nairobi, Kenya. The milk was 

prepared according to the instructions on the labels and 

parallel samples analyzed for organochlorine pesticides and 

PCBs as described in chapter 4.

8.3 RESULTS AND DISCUSSION

Table 8.1. Organochlorine pesticide residues found in infant 

milk formulas.

Pesticide Mean levels in mg/kg milk fat

NAN SMA ISOMIL
p ,p '-DDE 0.04 0 0
Total DDT 0.05 0 0
dieldrin 0.06 0 0
% fat 3.4 2.6 4.3
PCBs 0 0 0
No of samples 6 6 6

Only Nan contained detectable organochlorine pesticide
residues, namely DDE and dieldrin (Table 8.1) . No organochlor
compound was detected in the other two brands , SMA and ISOMIL

No PCBs were detected in any of the three brands. Nan is the 

commonly used brand. The level of total DDT, 0.05 mg/kg milk 

fat, was much lower than the mean level in mothers milk,
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6.99 mg/kg milk fat. The estimated intake of sum DDT was only 

4% of the ADI for an infant, while the corresponding mean value 

for mother's milk was 5 times the ADI.
The level of dieldrin (0.06 mg/kg milk fat) detected in 

formula milk was also lower than the mean level (0.37 mg/kg 

milk fat) detected in mothers milk.

Although Kenyan mothers milk has been found to contain
I

considerable amount of organochlorine compound residues, 

breastfeeding is still strongly recommended and should be 

encouraged. Mothers milk contain the right balance of nutrients 

required for an infant (Jensen, 1983). In addition to other 

benefits mentioned earlier, is the relationship that develops 

between mother and infant during nursing.

8.4 CONCLUSION

The infant formula milk investigated in this study was found to 

contain low levels of organochlorine pesticides. The present 

study has demonstrated that the infant milk formulas on the 

Kenyan market are acceptable for use when breast-feeding for 

one reason or another cannot possibly be continued. It is then, 

however, important to emphasize that the instructions on the 

labels must be strictly followed.
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CHAPTER NINE

A COMPARATIVE STUDY: ORGANOCHLORINE PESTICIDE RESIDUES IN 

MATERNAL ADIPOSE TISSUE, MATERNAL BLOOD, CORD BLOOD AND HUMAN 

MILK FROM MOTHER/INFANT PAIRS

9.1 INTRODUCTION

The corjcern about environmental contamination by persistent 
organochlorine insecticides used both in agriculture and vector 
control, has led many countries to investigate the magnitude of 
their own environmental pollution. Residues of these compounds 
have been found at every level of the food chains (Hayes,
1975) . Human beings are placed at the top of most food chains 

and it is not surprising that high levels of these compounds 

have been found in human adipose tissue and milk fat (Jensen, 

1983; Slorach and Vaz, 1983). Investigations on possible health 

and environmental hazards involved, have led many industrial 

countries to restrict or ban the use of these chemicals and to 

enforce the tolerance levels for the residues in food and 

feeds. Following the banning of these organochlorine compounds, 

for instance, DDT and PCBs in Norway, the levels in human milk 

have decreased (Skaare, 1981; Skaare et al., 1988), and this 

trend is expected to continue.

As more priority is now being given to this problem in 

developing countries more data on organochlorine residues in 

mothers milk, and adipose tissue are being reported (Warnez ejt 

al. , 1983; Atuma, 1986; Mpofu, 1986). The correlation between 

the pesticide residue levels in mothers milk, adipose tissue 

and blood has also been studied in India (Saxena et al., 1981,
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1983). In addition, pesticide residue levels have been deter
mined in the infant blood collected at delivery to study the 
significance of pesticide exposure in utero versus during the 
lactation period (Siddigui et al., 1981? Skaare et al., 1988).

In Kenya, storage of organochlorine insecticides in the adipose 

tissue of Kenyans was studied in 1972 (Wassermann et al.,

1972).
The aims of the present study were to investigate if the 

pesticide levels in human milk in Kenya reflects the body 
burden of these chemicals by assessing the organochlorine 
contamination level in maternal adipose tissue, blood, and 
milk. Further to study the exposure of the infant in utero to 
organochlorine pesticides.

9.2 MATERIALS AND METHODS

9.2.1 Sampling and collection

A total of 11 women (18-30 years of age) participated in this 

study. The women were giving birth to their first or second 

child by caesarean operation in Kenyatta National Hospital in 

1986. Specimens of subcutaneous fat (about l-5g) were collected 

from the mothers during the caesarean operation. Immediately 

after the delivery, samples of maternal blood (5-10mls) and 

umbilical cord blood (5mls) were collected into heparinized 

bottles. The milk samples were obtained 6 days post partum. The 

milk samples were expressed manually directly into clean 

labelled glass bottles, and the samples were frozen immediately 

until analysis. All samples were taken from mothers with normal 

and healthy babies (no twins). A questionnaire including 

background data on mother, such as age, occupation, parity and



205

dietary habits, as well as sex and weight of the child, was 

completed by each mother.

9.2.2 Sample analysis

Extraction, cleanup and analysis of milk and serum samples were
made according to the method described in section 5.3. The

subcutaneous fat tissue samples were prepared by a slight

modification of the method described by Bjerk and Sundby
(1970). The method comprised grinding the tissue with anhydrous

magnesium sulphate and sea-sand, extraction with diethyl ether

(10 ml), evaporation of the ether to determine the fat content,

and redissolving in hexane (0.05g fat/ml hexane). Two aliquots

of the different hexane extracts were treated with concentrated

sulphuric acid and methanolic potassium hydroxide, respectively.

Aliquots of the purified hexane extracts were made up to an

appropriate volume and analysed by gas chromatography (GLC) ,

using a Varian model 3700, and a Carlo Erba model 2350 with the

following instrument parameters and operating conditions:
6 3Detectors: Ni electron capture; columns: glass of 1.5m x 2mm

i.d. packed with a mixture of 1.5% SP-2250 and 1.95% SP-2401 on 

Supelcoport 100/120 mesh (a), a mixture of 1.5% OV-1 and 1.5% 

OV-225 on Supelcoport 80/100 mesh (b); Column temperature: 205 

°C (a); temperature progr. 190 °C (1 min) to 230 °C, 5 

°C/min.(b); Carrier gas: Nitrogen 30ml/min and injection 

volume: 2-5ul. The organochlorine compounds were identified by 

analyses of both acid and alkali-treated hexane fractions on 

both GLC-columns after which the retention times of organochlo

rine chemical residues and standards were compared.
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9.3 RESULTS

The results expressed on fat and wet weight basis are presented 

in Tables 9.1-9.2. The means and the ranges together with the 

number of samples containing quantifiable amounts are listed.

The detection limit varied with the type of compound. A compound 

which has been identified and confirmed but not quantified is 

indicated as below the detection limit. p,p'-DDT, p,p'-DDE were 

found in all the 41 samples and o,p'-DDT in 24 samples. No 

detectable residues of o,p'-DDT was found in umbilical cord 

blood.
Dieldrin was detected in 27%, transnonachlor in 15%,

in 12%, aldrin in 5% and lindane 2% of all the samples 

analysed. No PCBs were detected in any sample.

the subcutaneous fat with a mean level of 23.7 ug/kg wet 

weight, but was found in only one mother's milk sample with a 

level of 0.26 ug/kg milk fat. No quantifiable levels of lindane 

-HCH) were found in any of the samples. Dieldrin was not 

found in any quantifiable amounts neither in mothers milk nor 

in subcutaneous fat, but was found in two maternal serum 

samples with a mean level of 39 ug/kg wet weight. Dieldrin was 

not detected in umbilical cord serum samples, but was found in 

2 maternal serum samples with a mean level of 16.47 mg/kg fat 

Endrin and transnonachlor were only found in two and six 

maternal serum samples with mean levels of 4.83 and 0.65pig/kg fat 

respectively. There was also a wide variation between indivi

dual samples. There were significant differences between the 

mean level of sum DDT in subcutaneous fat and milk fat; subcu

taneous fat and maternal serum; maternal serum and milk fat

Of the HCH-isomers, the found in 4 samples of
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(Table 9.2). A significant higher mean residue level of sum DDT 

were found in the maternal serum as compared to umbilical cord 

serum samples (Tables 9.1 and 9.2). On wet weight basis, the 

mean level of sum DDT in maternal serum was four times higher 

than the corresponding level in umbilical cord serum.

9.3.1 Correlation Analysis

The correlation graphs are shown in Figures 9.1-9.6.

There was a significant correlation between the levels of 

sum DDT in subcutaneous fat and milk fat of the mothers 

(Fig.9.1). (r = 0.963, y = 1.04x + 1730, n = 8 P<0.05).

Similarly a significant positive correlation was found between 

the mean levels of sum DDT in maternal blood and maternal milk 

(Fig.9.2). (r = 0.868, y = 0.3x + 1437, n = 8, PC0.05), and

also between the levels of mean sum DDT in adipose tissue and 

maternal serum, (Fig.9.3). (r = 0.843, y = 2.35x + 566, 

P<0.05). There was no correlation between the levels of sum DDT 

in adipose tissue and cord blood (Fig.9.4), maternal blood and 

cord blood (Fig.9.5), and maternal milk and cord blood 

(Fig.9.6). (P>0.05, n = 11) .

9.4. DISCUSSION

9.4.1 DDT-group

The individual variations in the present residue levels were 

not unexpected since it is well known that many factors may 

influence the results, e.g. exposure, age and weight of the 

mothers, dietary habits, parity of the mothers, fat content of 

the milk which is also dependent on time of sampling during the
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meal, the day, and the lactation period, and seasonal varia

tions, may influence the results (Jensen, 1983) .
Subcutaneous fat had the highest levels of sum DDT, which 

is not unexpected due to the lipophilic nature of these com
pounds. During lactation these compounds are mobilized and 
secreted in the milk (Niessen et al. , 1984). This fact is also 
supported by the significant difference found between the mean 
levels of sum DDT in subcutaneous fat, milk and blood. The 
significant correlation found between the sum DDT in subcutane
ous fat and milk fat, which was 0.963, indicates a high degree 
of coherence of DDT in the body, which also corresponds with 
the results of other investigators (Acker, 1981; Rogan et al. , 
1986; Skaare et al., 1988). This demonstrates that either human 
milk or adipose tissue are suitable indicators for the human 
body burden of persistent lipophilic pollutants. The detection 
of DDT group of compounds in the cord blood, demonstrates the 
transfer of these compounds through the placenta. It is shown 
in this study that the placenta restricts the transfer of the 
compounds to a varying extent. This is illustrated by the low 
correlation coefficient between maternal and cord serum.
Several investigators have reported the presence of organochlo- 

rine pesticides in perinatal samples demonstrating the placental 

permeability of these compounds and a partial barrier function 

of the placenta (Eckenhausen et al., 1981; Saxena et al.,

1981). The presence of some organochlorine compounds in fetus 

and in stillborn and newborn babies, has also been recorded 

(Eckenhausen, 1981; Saxena, 1983).

The finding of no or negative correlation between the 
levels of sum DDT in adipose tissue and cord blood, as well as
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between the levels of sum DDT in mother's milk and cord blood, 
may be partly explained by the lower fat content of the blood 
as compared to adipose tissue and milk. Furthermore, the 
placenta acting as a partial barrier may also play a role.

The 4 times higher mean level of sum DDT in maternal serum 

compared to the cord serum, may also be due to the higher fat 

content in mothers serum, together with the placental barrier. 

The high levels of sum DDT in all samples investigated may be 

due to the continued exposure of DDT, which is demonstrated by 

the ratio of DDE to DDT, which are similar to those found in 

developing countries (Slorach & Vaz, 1983), but higher than in 

developed countries where DDT is no longer used (Skaare et al. , 

1988) .

The mean level of sum DDT, found in this study, are 

slightly higher (1.3 times) than that found in adipose tissue 

of females 25-44 years of age in Kenya (Wassermann et al.,

1972). The subcutaneous fat samples were collected from mothers 

between 18 and 30 years of age living in Nairobi. The slight 

increase of sum DDT and the mean ratio of p,p'-DDT to p,p'-DDE 

in subcutaneous fat, may indicate a gradual increase of DDT 

contamination in the environment. The high levels of sum DDT 

and the mean ratio p,p'-DDT to p,p'-DDE in human milk in Kenya, 

which also corresponds to other developing countries (Slorach 

and Vaz, 1983), also illustrates a recent exposure to these 

pollutants. Some of the mothers who took part in this study, 

came from the previous studied areas (chapter 5) where DDT was 

reported used but they are now living in Nairobi. Skaare et al.

(1988) found significantly higher mean levels of the organochlo
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rine pesticides DDT and UCH in the samples of immigrants to 

Norway.

9.4.2 Other organochlorines

Of the HCH-isomers only -HCH was found in 4 subcutaneous

samples and all the levels were below 0.1 mg/kg fat, but in
\

mother's milk the level was higher. This is the most persistent 

of the HCH isomers and is reported to have 10-30 times higher 

the ability to accumulate in fat tissues than lindane (Heeschen, 

1980). The finding of dieldrin, endrin and transnonachlor in 

maternal serum and not in cord serum may possibly be due to a 

selectivity of the placenta towards the transfer of organochlo

rines. However, other investigators have reported corresponding 

organochlorine residues in maternal and cord blood samples 

(Saxena e t a l . , 1983; Skaare e t a ! . , 1988), but none has

reported the presence of dieldrin.
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9.5 CONCLUSION

The organochlorine pesticides are transferred from mother to 

fetus and newborn babies through placenta and milk. There is a 

significant correlation between the levels of sum DDT in 

subcutaneous fat and milk fat of the mothers. Human milk is a 

good indicator for monitoring the environment for organochlo

rine chemical contamination.



Table 9.1 Levels of organochlorlne compounds and PCBs in samples from Kenyan mothers and their Infants 
delivered by caesarean operations (wet weight).

Subcutaneous fat (n=11) Maternal serum (n=11) Umbilical cord serum (n=11) Milk (n=8)

No. pg/kg wet wt. 
p o s it ive  Mean (Range)

No.
p o sit ive

pg/kg wet wt. 
Mean (Range)

No. pg/kg wet wt. 
pos it ive  Mean (Range)

No. pg/kg wet wt. 
p o s it ive  Mean (Range)

p,p'-DDT 11 1813 (522-7252) 11 4.7 (1.3-23) 11 0.98 (0.41-2.48) 8 59 (13-118)
o,p'-DDT 11 95 (25-301) 5 0.8 (0.5-1.2) 0 8 5.6 (0.6-11)
p,p'-DDE 11 2283 (1059-4455) 11 6.6 (2.5-22.2) 11 1.85 (0.58-3.68) 8 80 (11-202)
Sum DDT 11 4277(1606-11838) 11 12.4 (4.5-48.9) 11 3.01 (1.11-6.53) 8 154 (26-327)

P.P'-DPT
p,p'-DDE 11 0.72 (0.39-1.65) 11 0.67 (0.38-1.04) 11 0.54 (0.28-0.90) 8 0.87 (0.48-1.32)

(3-h c h 4 23.7 (4.9-52.3) 0 0 1 12
Lindane 0 0 0 1 <0.002
Dieldrin 4 <0.002 2 39 (9.5-68.4) 0 5 <0.002
Endrin 0 2 11.6 (3.4-19.8) 0 0
Transnonachlor 0 6 3.2 (0.6-8.6) 0 0
PCBs 0 0 0 0

<0.002 = below detection limit (Th e  com pound was identified and confirmed but could not be quantified).
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Table 9.2 Levels of organochlorine compounds and PCBs in samples from Kenyan mothers and their infants 
delivered by caesarean operations (fat weight).

Subcutaneous fat (n=11) M aternal serum (n=11) Umbilical cord serum (n=11) M ilk (n=8)

No. m g/kg fat No. m g/kg fa t No. m g/kg fat No. m g/kg fat
p o s itiv e  Mean (Range) p o s itiv e  Mean (Range) p o s itive Mean (Range) p o s itiv e  Mean (Range)

p,p'-DDT 11 2.49 (0.75-9.88) 11 0.81 (0.31-2.63) 11 0.60 (0.15-1.77) 8 2.14 (0.54-7.18)
o,p'-DDT 11 0.15 (0.42-0.45) 5 0.18 (0.10-0.35) 0 8 0.16 (0.08-0.35)
p,p'-DDE 11 3.26 (1.47-6.07) 11 1.52 (0.63-2.52) 11 1.26 (0.28-2.63) 8 2.31 (1.06-6.04)
Sum DDT 11 5.91 (2.27-16.3)* 11 2.75 (1.10-5.56)* 11 1.87 (0.46-4.66) 8 4.86 (1.79-14.22)*
P.P'-PQT
p,p'-DDE 11 0.72 (0.39-1.65) 11 0.67 (0.38-1.04) 11 0.54 (0.28-0.90) 8 0.87 (0.48-1.32)
B-BHC 4 0.034 (0.006-0.074) 0 0 1 0.26
Lindane 0 0 0 1 <0.002
Dieldrin 4 <0.002 2 16.47 (1.86-31.07) 0 5 <0.002
Endrin 0 2 4.83 (0.68-8.99) 0 0
Transnonachlor 0 6 0.65 (0.16-1.69) 0 0
PCBs 0 0 0 0

<0,002 = b e lo w  d e te ct io n  limit ( T h e  c o m p o u n d  w a s  indentified and co n firm e d  but co uld  not be quantified). 
•Significant d i f fe r e n c e s  (p < 0 ,0 5 )  between s u m  D D T  in: S u b c u t a n e o u s  fat and milk fat,

s u b c u ta n e o u s  fat and m aternal se ru m , 
m aternal se ru m  and milk fat.
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CHAPTER TEN 

GENERAL CONCLUSIONS

1. Kenyan mother's milk was found to be contaminated with 

organochlorine pesticides.

2. DDT and its more persistent metabolite DDE were the major 

contaminants.

3. Great regional differences were observed.

4. PCBs, which is a major pollutant problem of industrialized 

countries, were not found in Kenyan mother's milk.

5. The individual variations in the organochlorine residue 

levels in the milk were found to be influenced by age of the 

mother, dietary habits, fat content of the milk, parity, and 

pesticide exposure of the mother.

6. The infant dietary intake of DDT through the mother's milk 

exceeded the ADI by several fold. ADIs of dieldrin and 

aldrin were exceeded by some infants.

7. A child fed on formula milk in Kenya will be exposed to very 

low levels of organochlorine pesticides.

8. The levels of sum DDT found in mother's milk in this study 

were higher than the corresponding levels reported from 

industrialized countries.
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9. Food was found to be one of the main sources of organo- 

chlorine pesticides in mother's milk.

10. There was an association between the organochlorine pesti

cides used in agriculture and the identified compounds in 

the mother's milk.

11.In general, lactating women had an average intake of about 

105 ug of DDT per day. Their milk contained on average 6.99 

mg/kg of DDT resulting in an infant dosage of about 26 ug/kg 

per day, which isapproximately 15 times higher than the 

mother's daily intake of DDT (assuming the mothers weight to 

be 65 kg). There is no firm evidence that infants have been 

harmed by these quantities.

12.Organochlorine pesticides are transferred from mother to 

foetus and new born babies through the placenta and milk.

13. Human milk is a suitable indicator for biological monitoring 

of environmental contamination by organochlorine pesticides.

14. The problem of pesticide contamination requires closer 

attention on the part of national authorities and more

research is needed.
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15.The indiscriminate use of pesticides and many accidents are 

due to ignorance; therefore education programs on the 

subject should be intensified.

16.Integrated Pest Control should be incoorporated in the

agricultural practices.



223

R E F E R E N C E S

ACKER, L. (1981) Zur Kontamination der Frauenmilch mit

chlororganischen Verbindungen. Geburtshilfe Frauen- 

heilkd, 41:882-886.

ACKER, L.; Schulte, E. (1970) Uber das Vorkonimen chlorierter 

Kohlenwasserstoffen ini nienschlichen Fettgewebe und in 

Huinanmilch. btsch. Lebensm. Rundsch. , 66 :385-390.

ACKERMAN, L.B. (1980) Humans: Overview of human exposure to

dieldrin residues in the environment and current trends 

of residue levels in tissue. Pest. Monitor. J.,

_14 : 64-69 .

ADANOVIC, V.M.; SOKIC, B.; SMILJANSKI, M.J. (1978) Some 

observation concerning the ratio of the intake of 

organochlorine insecticides through food and amounts 

excreted in the milk of breast-feeding mothers.

Bull. Environm. Contain. Toxicol. , 2_0 : 280 .

ANDERSON, J.R.; ORB^EK, K. (1984) Organochlor ine contaminants in 

human milk in Denmark, 1982. Ambio, 13 : 266-268 .

ANDO, M.; HIRANO, S.; ITOH, Y. (1985) Transfer of hexachloro- 

benzene (HCB) from mother to newborn baby through 

placenta and milk. Arch. Toxicol., 56:195-200.



224

ALLSOPP (1978) The effect of dieldrin, sprayed by aerial 

application for tsetse control, on game animals.

J.Appl.Ecol., 15:117-127.

AL-OMAR, M.A.; TAWFIQ; S.J.; AL-OGAILY, N. (1985) Organochlo- 

rine residue levels in human milk from Baghdad. Bull. 

Environ .Contain. Toxicol. , 35 : 65-6 7 .

ATUMA; S.S.; VAZ, R. (1986) A pilot study on levels of organo- 

chlorine compounds in human milk in Nigeria. Intern.

J.Environ. Anal. Chem ., 2 6: 187-192 .

ATUMA, S.S.; OKOR, D.I. (1987) Organochlorine contaminants in 

human milk. Acta Paediatr. Scand., 76:365-366.

BAKKEN, A.F.; SEIP, M. (1976) Insecticides in human breast 

milk. Acta Paediatr. Scand., 65:535.

BELL; D.; MACLEOD, A .F . (1983) Dieldrin pollution of human food

chain. Human Toxicol., 2^75-82.

BJERK, J.E. (1972) Rester av DDT og polyklorerte bifenyler i 

norsk humant materiale. Tidsskr. Nor. Laegeforen., 

92:15-19.

BRADT, P.T.; HERRENKOHL, R.C. (1976) DDT in human milk. What 

determines the levels? Sci.Total Environ., 6:161-163.



225

BREVIK, E.M. (1978) Gas chromatographic method for the determi

nation of organochlorine pesticides in human milk.

Bull. Environ. Contain. Toxicol./ 19; 281-286.

BREVIK, E.M.? BJERK, J.E. (1978) Organochlorine compounds in 

Norwegian human fat and milk. Acta pharmacol. et 

toxicol., 43:59-63.

BROWN, A.W.A. (1978) Ecology of Pesticides, pp 168-270.
Wi 1ey-Interscience Publications, John Wiley & Sons. New 

York Chichester, Brisbane, Toronto.

CARIATI, E.; ACANFORA, L .; BPANCONI, F.; GRASSO, C.B.; CAPEI, 

R.; GRASSO, G. (1983) p,p'-DDT in perinatal samples: 

Report on maternal and neonatal measurements.

Biol. Res. Preg., 4:169-171.

CORBETT, J .R . (1974) The biochemical mode of action of pesti

cides . P.155. Academic Press London New York.

DE CAMPOS, M.; OLSZYNA-MARZYS, A .E . (1979) Contamination of

human milk with chlorinated pesticides in Guatemala and 

El Salvador. Arch. Environm. Contam. Toxicol., 8:43-58

ECKENHAUSEN, F.W.; BENNETT, D.; BEYNON, K.I.; ELGAR, K.E.

(1981) Organochlorine pesticides concentrations in 

perinatal samples from mothers and babies.

Arch. Environ. Hlth., 36:81-92.



226

FAO/WHO/UNEP (1982) . Summary and Assessment of Data Received
from FAO/WHO Collaborating Centres for Food Contamination 

Monitoring, pp 66—73. National Food Administration,

Uppsala.

FARVAR, M.T. (1974) Collection of human biological specimens in 

developing countries for monitoring organochlorine 

compounds. In BERLIN, A.; WOLFF, A.H.; HASEGAWA, Y.

(eds.) The use of biological specimens for the assessment 

of human exposure to environmental pollutants.pp.155-163. 

Martinus Nijhcff Publishers, The Hague Boston London.

FYTIANOS, K.; VASILIKIOTIS, G.; WEIL, L.; KAVLENDIS, E.;

LASKARIDIS, N. (1985) Preliminary study of organochlorine 

compounds in milk products, human milk and vegetables. 

Bull. Environ. Contam. Toxicol., 34:504-508 .

FRANK, L.A.? JACKSON, R.M.; COOPER, J.E.; FRENCH, M.C. (1977) A 

survey of chlorinated hydrocarbon residues in Kenyan 

birds of prey. E . Afri. Wildl. J., 15:295-304.

GARTRELL, J.M.; CRAUN, J.C.; PODREBARAC, D.S.; GUNDERSON, E.L.

(1985) Pesticides, selected elements, and other chemicals 

in adult diet samples, October 1978 - September 1979.

J. Assoc. Off. Anal. Chem. , 68:862-875 .

GARTRELL, J.M.; CRAUN, J.C.; PODREBARAC, D.S.; GUNDERSON, E.L.

(1986) Pesticides, selected elements, and other chemicals 

in infant and toolder total diet samples, October 1980 - 

March 1982. J. Assoc. Off. Anal. Chem., 69:123-145.



2 2 7

GETZ, M.E. (1980) Paper and thin layer chromatographic analysis 
of environmental toxicants. pp.31-63. Heyden international 

topics in science.

GOUGH, H.C. (1977) Pesticides on crops - some benefits and
problems. In PERRING, F.H.; MELLANBY, K. (eds.) Ecological 

effects of pesticides. Linnean Society Symposium series 5 . 

p.20. Academic press.

GREICHUS, Y .A .; GREICHUS, A.; AMMANN, B.D.; HOPCRAFT, J. (1978) 

Insecticides, Polychlorinated biphenyls and Metals in 

African Lake Ecosystems. III. Lake Nakuru, Kenya.

Bull. Environ. Contain. Toxicol. , 1_9: 455-461 .

HASHEMY-TONKABONY, S.E.; FATEMINASSAB, F. (1977) Chlorinated 

Pesticide Residues in Milk of Iranian Nursing Mothers.

J.Dairy Sci. , 60i .*1858-1862.

HAYES, W.J. Jr. (1975) Toxicology of pesticides. Williams and 

Wilkins, Baltimore, Md.

HAYES, W.J. Jr. (1982) Pesticides studies in man, pp.172-283. 

William & Wilkins, Baltimore, Md.

HAYES, W.J. Jr.; DALE, W.E.; PIF.KLE, C.I. (1971) Evidence of 

safety of long-term, high oral doses of DDT for man.

Arch. Environ. II 1th. , ,22: 119 .

IIEESCHEN, W. (1980) Toksikologische Bewertung von HCH-Riick- 

standen. Kiel Milchwirtsch Forschungsber., 32:151-155.



228

HILL, I.R.? WRIGHT, S.J.L. (1978) Microbiology. Microbiological 

Aspects of Pesticide behaviour in the Environment, p.2. 

Academic Press London New York San Fransisco.

HOFVANDER, Y.; HAGMAN, U.; LINDER, C.E.; VAZ, R.; SLORACH, S.A. 

(1981) WHO collaborative breast feeding study. Organo- 

chlorine contaminants in individual samples of Swedish 

human milk, 1978-1979. Acta Paediatr. Scand., 70:3-8.

HORNABROOK, R.W.; DYMENT, P.G.; GROMES, E.D.; WISEMAN, J.S. 
(1972) DDT residues in human milk from New Guinea 
natives. Med. J. Austr., 25:1297-1300.

HRUBA, D.; DUBSKY, H.; TOTUSEK, J.; POLACH, J. (1984) Residues 

of organochlorine pesticides found in human adipose 

tissues in the South Moravian Region. Scripta medica, 

52:421-432.

JENSEN, A.A. (1983) Chemical contaminants in human milk.

Res. Rev. , 8_9 :1 -128 .

JENSEN, A.A. (1987) Polychlorinated biphenyls (PCBs), poly- 

chlorodibenzo-p-dioxins (PCDDs) and polychlorodibenzo- 

furans (PCDDs) in human milk, blood and adipose tissue. 

Sci. Total Environ. , 6_4: 259-293 .

JENSEN, S. (1966) Report of a new chemical hazard. New Sci., 

32:612.

KAHUNYO, J.K. 1983: Organochlorine Pesticide Residues in



229

Chicken Fat and Eggs. M.Sc.thesis. University of Nairobi. 

122 pp.
KAHUNYO, J.M.; MAITAI, C.K.; Froslie, A. (1986) Organochlorine 

pesticide residues in chicken fat: A survey. Poult.

Sci., 65:1084-1089.

•

KAPHALIA, B.S.; SETH, T.D. (1983) Chlorinated pesticides

residues in blood plasma and adipose tissue of normal and 
exposed human population. Indian J. Med. Res.,
77:245-247.

KAPHALIA, B.S.; SETH, T.D. (1984) Screening of blood serum of

food animals, chicken and human beings for organochlorine 
pesticides and electrolytes. Indian J. Anim. Hlth., 
23:23-28.

KAPHALIA, B.S.; FARIDA, S.; SIDDIQUI; SETH, T.D. (1985)

Contamination levels in different food items and dietary 
intake of organochlorine pesticides residues in India. 
Indian J. Med. Res., 81:71-78 .

KARAKAYA, A.E.; BURGAZ, S.; KANZIK, I. (1987) Organochlorine 

pesticide contamination in human milk from different 

regions of Turkey. Bull. Environ. Contain. Toxicol., 39: 

506-510.

KEATING, M .I . (1983) Tick control by chemical ixodicides in

Kenya: A review 1912 to 1981. Trop. Anim. Hlth. Prod., 

15:1-6.



2 3 0

KIMBROUGH, R.D . (1987) Human health effects of Polychlorinated
Biphenyls (PCBs) and Polybrominated Biphenyls (PBBs). 
Ann. Rev. Pharmacol. Toxicol., 27:87-111.

KNOWLES, J .A. (1974) Breast Milk: A source of more than
nutrition for the neonate. Clin. Toxicol., 2 :69“82*

KOEMAN, J.H.; PENNINGS, J.H.; DE GOEIJ, J.J.M.; TJIOE, P.S.;

OLINDO, P.M.? HOPCRAFTS, J. (1972) A preliminary survey 

of the possible contamination of lake Nakuru in Kenya 

with some metals and chlorinated hydrocarbon pesticides. 

J . Appl. Ecol., ^11“416.

KROGER, M. (1972) Insecticide residues in human milk. J . 

Paediatr . , 8j): 401.

LAUG, E.P.; KUNSE, F.M.; PRICKETT? C.S. (1951) Occurrence of 

DDT in human fat and milk. Arch. Environ. Hyg,, 

3:245-246.

LAWS, E.R. Jr.; CURLEY; A.; BIROS, F.J. (1967) Men with

intensive occupational exposure to DDT. A chemical and

chemical study. Arch. Environ. Hlth., 15:766.
(

LEWERENZ, H.J. (1982) Xenobiotics in the environment of the 

foetus and the food of the infant and consequences for 

later life. Biblthca. Nutr. Dieta, 31:83-94.

LINCER, J.L.; ZALKIND, D.; BROWN, L.H.; IiOPCRAFT, J. (1981)



231

Organochlorine Residues in Kenya's Rift Valley lakes. jL. 

Appl. Ecol., 18 :157-171.

MacCUAIG, R.D . (1976) The occurrence of insecticides in the

blood of staff of a locust control organization.

Bull. Environ. Contain. Toxicol. , 3J): 162-170 .

MAITHO, T. (1978) Organochlorine and Organophosphorus Insecti

cides in Milk and Body Fat. M.Sc. Thesis, University of 

Nairobi. 134 pp.

MBATHA, J.K. (1988) Distribution systems of pesticides in

Kenya. Paper presented at a workshop on Responsible and 

effective crop protection organised by PCAK/GIFAP, 

Nairobi, Kenya llth-12th Feb.

McNAIR, H.M.; BONELLI, E.J. (1969) Basic gas chromatography.

Varian aerograph. Lithographed by Consolidated Printers, 

Berkeley, California.

MES, J.; DOYLE, J.A.; ADAMS, B.R.; DAVIES, D.J.; TUERTON, D. 

(1984). Polychlorinated biphenyls and organochlorine 

pesticides in milk and blood of Canadian women during 

lactation. Arch. Environ. Contam. Toxicol., 13:217-223.

4



MILLER, G.J.; FOX, J.A. (1973) Chlorinated hydrocarbon

pesticide residues in Queensland human milk. Med. J.

Aust., 2̂ :261.

MILLER, H.J.; CUCOS, S.; WASSERMANN, D.; WASSERMANN, M. (1979) 

Organochlorine insecticide and polychlorinated biphenyls 

in human milk. Environ. Sci., £:379-386.

MINAGAWA, K. (1979) Transfer Mechanisms of OCP, PCB and PCT 

from the Environment to the human body. Jap. J . Ilyg. , 

33:778-813.

MORGAN, D.P.; ROAN, C.C. (1974) The metabolism of DDT in man. 

In Hayes, W.J. Jr. (ed). Essays in Toxicology, pp.39-97. 

Academic Press, New York and London.

MPOFU, M. (1986) Human levels of DDT residues in selected

Zimbabwe communities. Cent. Afri. J. Med., 32:285-289.

MUGAMBI, J.M. (1986) Studies on the Occurrence and Sources of 

Organochlorine Pesticide Residues in Eggs from Embu and 

Meru Districts. M.Sc. Thesis, University of Nairobi.

242 pp.

MUGAMBI, J.M.; KANJA, L.; MAITHO, T.E.; SKAARE, J.U.? L0KKEN, 

P. (1989) Organochlorine pesticide residues in chicken 

eggs from the central part of Kenya. In press. Arch. 

Environ. Hlth.

-  2 3 2  -

MURPHY, S.D. (1980) Pesticides. In Doull, J.; Klaassen, C.D.;



2 3 3

Amdur, M.O. (eds) Casarette and Doulls Toxicology: The 
basic science of poisons, pp.379-400. Macmillan Publishing 

Co., Inc.

MUTHANNA, A.; AL-OMAR; FIRYAL, H.; ABDUL-JALIL; NEHLA, H.;

AL-OGAILY; SAMIRA; J.; TAMFIQ; MABROUK, A.; AL-BASSOMY 

(1986) A follow-up study of maternal milk contamination 

with organochlorine insecticide residues. Environ. Pollut. 

Ser.A, 42:79-91.

NIESSEN, K.H.; RAMOLLA, J.; BINDER, M.; BRUGMANN, G.; HOFMANN, 

U. (1984) Chlorinated hydrocarbons in adipose tissue of 

infants and toddlers: inventory and studies on their 

association with intake of mother's milk. Eui. J .

Pediatr., 142 : 238-243 .

NJOGU, L. (1981) A Study of Steam Distillation as a Potential 

Tool of Pesticide Analysis. M.Sc.Thesis, University of 

Nairobi. 96 pp.

NOREN, K. (1983) Levels of organochlorine contaminants in human 

milk in relation to the dietary habits of the mothers.

Acta Paediatr. Scand., 72:811-816.

NOREN, K.; WESTOO, G. (1968) Determination of some chlorinated 

pesticides in vegetable oils, margarine, butter, milk, 

eggs, meat and fish by gas chromatography and thin layer 

chromatography. Acta Chem. Scand., 22:2289-2293.



234

NYAGAH, J.M. (1988) Farmer perspective on pesticide handling

and use. Paper presented at a workshop on Responsible and 

effective crop protection organized by PCAK/GIFAP,

Nairobi, Kenya llth-12th Feb.

O'BRIEN, R.D. (1967) Insecticides. Action and Metabolism. 

p.141. Academic Press N.Y. and London.

OMAMO, 0. (1983) "Pests and diseases lead to big loses". 25th

Anniv. Cel. Pest. Chem. Assoc. Kenya, Nairobi. Nov. 1983.

PFEILSTICKER, K. (1973) Pesticide in der Kinderernahrung. 

Monatsschr. Kinderheilkd., 121 :551-553.

POLISHUK, Z.; RON, M.; WASSERMANN, M.; COCOS, S.; WASSERMANN, 

D.; LEMESCH, C. (1977) Organochlorine compounds in human 

blood plasma and milk. Pest. Monit. J ., 10:121.

RAMACHANDRAN, M.; BANERJEE, B. D.; GULATI, M.; GROVER, A.;

ZAIDI, S.S.A.; HUSSAIN, Q.Z. (1984) DDT & HCH residues in 

the body fat & samples from some Delhi hospitals. Indian 

J. Med. Res., 80 : 590-593 .

RAMAKRISHNAN, N.? KAPHALIA, B.S.; SETH; T. D.; ROY, N.K. (1985) 

Organochlorine pesticide residues in mother's milk: a 

source of toxic chemicals in suckling infants. Human 

Toxicol., 4:7-12.



235

RODIN, F. (1968) Chlorerede insecticide i kvindemelk og komelk. 
Aarhus Levnedsmiddelkontrol, Aarhus.

ROGAN, W.J.; GLADEN, B.C.; McKINNF.Y, J.D.; CARRERAS, N.; HARDY, 

P.i THULLEN, J.; T1NGELSTAD, J.; TULLY, M. (1986) Poly

chlorinated Biphenyls (PCBs) and Dichlorodipheny1 Dichloro- 

ethene (DDE) in human milk: Effects of maternal factors 

and previous lactation. Amer. J. Publ. Hlth., 76:172-177.

SAIGAL, S.; BIIATNAGAR, V.K.; SINGH, V.S. (1985) DDT content in 

human fat samples in Meerut Region. Environ. & Ecology, 

3:117-118.

SAWYER, L.D. (1978) Quantitation of polychlorinated biphenyl 

residues by Electron Capture gas-liquid chromatography: 

Reference material characterization and preliminary study. 

J, Assoc. Off. Anal. Chem. , 6_1 : 2 7 2 - 2 81 .

SAXENA, M.C.; SIDDIQUI, M.K.; BHARGAVA, A.K.; MURTI, C.R.K.; 

KUTTY, D. (1981) Placental transfer of pesticides in 

humans. Arch. Toxicol., 48:127-134.

SAXENA, M.C.; SIDDIQUI, M.K.J. (1983) A comparison of

organochlorine insecticide content in specimens of 

maternal blood, placenta and umbilical-cord blood from 

stillborn and live-born cases. J. Toxicol, and Environ.

Hlth., 11:71-79.



236

SIDDIQUI, M.K.J.; SAXENA, M.C.; BHARGAVA, A.K.; MURTI, C.R.K.; 
KUTTY, D. (1981) Chlorinated hydrocarbon pesticides in 

blood of newborn babies in India. Pest. Monit. J .,

25:77-79.

SIDDIQUI, M.K.J.; SAXENA, M.C. (1985) Placenta and milk as 

excretory routes of lipophilic pesticides in women.

Human Toxicol. , 4 : 249-254 .

SIELBER, S.M.; ADAMSON, R.H. (1977) The metabolism of xenobio- 

tics by fish. In Parke, D.D. (ed): Drug Metabolism: From 

Microbe to Man. Proceedings of the international symposium 

1976. pp. 233-245.

SKAARE, J.U. (1981) Persistent organochlorine compounds in

Norwegian human milk in 1979. Acta Pharmacol. Toxicol., 

49:384-389.

SKAARE, J.U. ; STENERSEN, J.; KVESETII, N.; POLDER, A. (1985)

Time trends of organochlorine chemical residues in seven 

sedentary Marine Fish Species from a Norwegian Fjord 

during the period 1972-1982. Arch. Environ. Contam.

Toxicol., 14:33-41.

SKAARE, J.U.; TUVENG, J.M.; SANDE, H .A . (1988) Organochlorine

pesticides and polychlorinated biphenyls in maternal 

adipose tissue, blood, milk and cord blood from mothers 

and their infants living in Norway. Arch. Environ. Contam. 

Toxicol., 17:55-63.



SLORACH, A.S.; VAZ, R. (1983) Assessment of human exposure to 

selected organochlorine compounds through biological 

monitoring. Global environmental monitoring system (GEMS) 

UNEP/WHO. Prepared by the Swedish National Food Administra

tion, Uppsala, Sweden.

SPINDLER, M. (1983) DDT: Health aspects in relation to man and 

risk/benefit assessment based thereupon. Res. Rev., 90:

1-34.

STACEY, C.I.; TATUM, T. (1985) House treatment with organochlo

rine pesticides and their levels in human milk - Perth, 

Western Australia. Bull. Environ. Contam. Toxicol., 

25:202-208.

STIVJE, T. (1971) The determination and occurrence of hexachloro- 

benzene residues. Mitt. Geb. Lebensmittelunters. Hyg., 62: 

406-414.

SUPINA, W.R. (1974) The packed column in gas chromatography, pp 

89-119.

SUZUKI, Y.; SUGAYA, H.; SASAKI, S. (1973) Results of 3 years 

tracing investigations of organochlorine pesticide 

residues in humans. J. Japan Assoc. Rural Med., 22:276.

- 237 -

SZOKAIAY, R.; ROSIVAL, L.; UHNAK, J.; Madaric, A. (1977)



Dynamics of benzene hexachloride (BHC) isomers and other 
chlorinated pesticides in the food chain and in human fat. 
Ecotoxicol. Environ. Safety, 1_: 349-359.

TAYLOR, J.S.? KEENAN, F.R. (1970) Studies on the analysis of 

hexachlorobenzene residues in foodstuffs. J . Assoc. Off. 

Anal. Chem., 53 : 1293-1295.

Van DYK, L.P.; LOTTER, L.H.; MULLEN, J.E.C.; de KOCK, A. (1987) 

Organochlorine insecticide residues in human fat and milk 

samples in South Africa. Chemosphere, 16;705-711.

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

Kenya. Paper presented at IOCU Conference Consumer in 

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

June.

WARNEZ, M.F.; SOOKVANICHSILP, N.? HEYNDRICKX, A.; THIERY, M.? 

VIS, H.L. (1983) Organochlorine insecticide residues in 

human milk: Comparison of samples of Central Africa 

(Ruanda) with those originating from the university 

hospital Ghent (Belgium). Med, Fac. Landbouw. Rijksuniv. 

Gent, 48:1031-1042.

WASSERMANN, M.; ROGOFF, M.G.; TOMATIS; L.; DAY, N.E., WASSER- 

MANN, D.; DJAVAHERIAN; M.; GUTTEL, C. (1972) Storage of 

organochlorine insecticides in the adipose tissue of 

people in Kenya. Soc. Beige Med. Trop.,

-  2 3 8  -

52:509-514.



WASSERMANN, M.; TOMATIS, L.; WASSERMANN, D.; DAY, N.E.; GRONER, 
Y.; LAZAROVICI, S.; ROSENFELD; D. (1974) Epidemiology of 

organochlorine insecticides in the adipose tissue of 

Israelis. Pest. People, £J:l-7.

WATANABE, I.; Yakushiji, T.; KUWABARA, K.; YOSHIDA, S.; MAEDA,

K.; KASHIMOTE; T.; KOYAMA, K.; KUNITA, N. (1979) Surveil

lance of the Daily PCB Intake from Diet of Japanese 

Women from 1972 Through 1976. Arch. Environ. Contam. 

Toxicol., ^:67.

WELSENBERG; E.; ACKERMAN, E.; FREIR, S.; RESHEF, A.; SAHM; Z.; 

SHOENBERG, J. (1980) Pesticides in the milk of mothers in 

Jerusalem. Exerpta medica International, 518 : 147-152 .

WESTOO, G.; NOREN, K. (1978) Organochlorine contaminants in 

human milk, Stockholm, 1967-1977. Ambio,

WIEMEYER, S.N. (1984) Formalin preservation of Arian blood for 

metal and DDE analysis. Bull. Environ. Contam. Toxicol., 

23:525-532.

WINTER, M.; THOMAS, M.; WEMICK, S.; LEVIN, S.; FARVAR, M.T.

(1976) Analysis of pesticide residues in 290 samples of 

Guatemalan mother's milk. Bull. Environ. Contam. Toxicol., 

16:552-557.

WORLD HEALTH ORGANIZATION: Environmental Health Criteria 9: DDT

and its derivatives. World Health Organization, Geneva, 

194 pp (1979a).



240

WORLD HEALTH ORGANIZATION/FOOD AND AGRICULTURE ORGANIZATION. 
Report of Joint Expert Committee on Pesticide Residues.
WHO Technical report series, No.417, 1979.

YAKUSH1JI, I.; WATANABE; I.; KUWABARA, K.; KOYAMA, K.; HARA,
I.; KUNITA, N. (1978b) Long term studies of the excretion 

of polychlorinated biphenyls (PCB) through the mother’s 

milk of occupationally exposed worker. Arch. Environ. 

Contam. Toxicol., 3.

YAKUSHIJI, T.; TANAKA, R.; KUNITA, N. (1979) PCB and organochlo- 

iine pesticides in mother's milk, blood and foods. 

Paediatrician, 6:28-33.


