
'' VARIATION OF PLANT p,p’-DDT UPTAKE AND ITS 

DISSIPATION WITH AGE, TEMPERATURE AND

SOIL TYPE. "

„ r't'KP'l'Bl) EOl.

IT.!; V ’ 1 D 'r N r> V ' *
\

BY

KIFLOM GEBREMEDI1IN WELDERUFAEL

A  thesis submit loci in partial fulfilment o f  the requirements for a degree of Masters

o f  Science in chemistry, fU n ive ts ity  o f  NaimhiT l

1995

UNIVERSITY OF NAIROBI LIBRARY

0133770 8



DECLARATION

I hereby declare that this thesis is my original work and has not been presented 

for a degree in any other University.

KIFLOM, G.W

(

This thesis has been submitted for examination with our approval as University 

supervisors.

^Prof. S.O. WANDIGA

11



DEDICATIO N

To my dear sister TURUWERK

111



AKNOWLEDEMENT

I am deeply indebted to my sponsors the Deuche-Albert-Einestein-Fluechling- 

Initiative (DAFI) program and AREP- Foundation who awarded me the scholarship. I 

wish to express my appreciation to them for all the Financial and moral assistance they 

provided me throughout my study and particular thanks are due to Mrs. U.Pandikow and 

Mr. Yohannes T. who were very understanding and co-operative to me regarding my 

requests.

My sincere thanks should also go to Prof. G.N. Kamau , my supervisor, who 

proposed this research project for me and tirelessly stood with me throughout the project 

work. His guidance in giving suggestions, pointing out errors and shaping my thoughts, 

in general, has really smoothened my path throughout the preparation of this thesis.

I also wish to thank Prof. S.OAVandiga, who also supervised my work and 

progress closely giving advise and guidance. I also wish to thank the late Prof. Dauterman 

of North Carolina state university, an expert of IAEA , for his most useful comments and 

lectures on radio-isotpe tracer technique.

I am also grateful to all my colleagues in the Department of Chemistry for their 

wonderful company, particular thanks are due to my workmates in the pesticide research 

laboratory Mr. E.N.Kituyi, Mr. P.K. N’gan’ga and Mr.Makopa.

Finally, to my God for the grace He poured on me, I am grateful in measures 

beyond words.

IV



TABLE OF CONTENTS

DEDICATION ....................................................................................................................... iii

AKNOW LEDGEMENT........................................................................................................ iv

A B ST R A C T .........................................................................................................................  xii

CHAPTER ONE

1.1 Introduction ..................................................................................................................  1

1.2 Statement of the Problem ............................................................................................  4

1.3 O bjectives.......................................................................................................................  6

CHAPTER TWO

2.0 Introductory..................................................................................................................  8

2.1 Historical Development of Pesticides ..........................................................................  8

2.2 Toxicity of Pestic ides.................................................................................................  11

2.3 Characterstics of DDT ............................................................................................  13

2.4 Synthesis of D D T ........................................................................................................  15

2.5 Pesticidal Activity of DDT .......................................................................................  17

2.6 Literature R eview ......................................................................................................  19

2.6.1 DDT Residue in the environment ......................................................................  19

2.6.2 DDT Residue in Soil ............................................................................................  21

2.6.3 DDT Residue in Animals and H um ans..................................................................  25

2.6.4 DDT Residue in P lan ts.......................................................................................... 28

2.6.5 Degradation of DDT by Micro-organisms............................................................  31

V



CHAPTER THREE

3.0 EXPERIMENTAL S E C T IO N ................................................................................ 34

3.1 In tro d u c to ry ................................................................................................................  34

3.1.1 Radio-activity and Radio-nuclide T echn ique.......................................................  34

3.1.2 Measurement, Quantification and Interpretation of Radioactivity .................. 35

3.1.3 Tracer M ethodology.................................................................................................  37

3.1.4 Preparation of Radio-labelled Compounds............................................................  38

3.2 In strum en ta tion .......................................................................................................  40

3.2.1 The Radio-isotope Technique ................................................................................ 40

3.2.2 The Liquid Scintillation Counting and its principles........................................... 44

3.2.3 Liquid Scintilltion Aiding R eagen ts......................................................................  45

3.2.4 Counting Interferences and Correction Procedure................................................ 47

3.2.5 The Biological Material O xidizer........................................................................... 51

3.3 Experimental Methods .......................................................................................... 53

3.3.1 Selection and Preparation of The Experimental Sites ........................................  53

3.3.2 Preparation and Application of p,p’-DDT Solution.............................................  54

3.3.3 Sampling and Handling of the Plant and Soil S am p les...................................... 54

3.3.4 Treatment of Plant Samples ..................................................................................  55

3.3.5 Treatment of Soil Samples ..................................................................................... 56

3.3.6 Determination of Total and Bound residues.......................................................... 57

3.3.7 Preparation of the Liquid Scintillation C ock ta il..................................................  58

3.3.8 Chemicals, Apparatus and Materials U sed ............................................................  59

VI



3.3.8.1 Chemicals and m aterials.........................................................................  59

3.3.8.2 Apparatus....................................................................................................  60

CHAPTER FOUR

4.0 RESULTS AND DISCUSSION .............................................................................  61

4.1 The Study on the Uptake of p,p‘-DDT by covvpeas ..............................................  61

4.1.1 p,p’-DDT Uptake in relation to the Age of the Plant ........................................  62

4.1.2 Variation of Plant Uptake with Growth R a te .......................................................  69

4.1.3 Dependence of Plant Uptake on Soil Residues..................................................... 72

4.1.4 Half lives of Mombasa and Nairobi Soil Samples .............................................  75

4.1.5 Variation of Plant p,p*-DDT Uptake with Soil

Com position...........................................................................................................  76

4.1.6 Effect of pH on Plant Uptake of p ,p '-D D T .........................................................  79

4.1.7 Effects of Climatic Conditions on Plant Uptake

of p,p’-D D T ............................................................................................................. 80

4.2 The Study on the Effect of Temperature on

Soil R esid u es........................................................................................................  82

4.2.1 Variation of Total p,p’-DDT

Residue with Temperature ..................................................................................  83

4.2.2 Variation of Extractable Residue with 7’emperature ........................................... 85

4.2.3 Variation of Bound Residue with Temperature ..................................................  90

4.2.4 Variation of the Effect of Temperature with Soil com position......................... 92

v i i



4.2.4.1 Moisture content . 92

4.2.4.2 Organic matter content .........................................................................  93

Conclusion ..........................................................................................................................95

Recommendation .............................................................................................................  99

R eferences............................................    101

Appendices ..................................................................................................................... 106

LIST OF TABLES

Table 2.1: Amounts of sand and anhydrous MgSO,,

salt mixed with the plant samples.........................................................................  56

Table 3.1: Amounts of p,p'-DDT residue equivalents

recovered from Mombasa plants ........................................................................  63

Table 3.2: Amounts of p,p'-DDT residue equivalents

recovered from Nairobi p lan ts .............................................................................  64

Table 3.3: Percentages of extractable and bound residue

in the Mombasa and Nairobi plant sam p le s ........................................................ 67

Table 3.4: Percentages of extractable and bound residues for Mombasa and Nairobi soil

samples................................................   67

Table 3.5: Weights of plant samples collected from

Mombasa and Nairobi .......................................................................................... 70

Table 3.6: Amounts of p,p’-DDT residue equivalents recovered from different parts of a 

Mombasa plant ...................................................................................................... 73

v i i i



Table 3.7:Amounts of p,p'-DDT residue equivalents

recovered from Mombasa soil samples...............................................................  77

Table 3.8: Amounts of p,p'-DDT residue equivalents recovered from Nairobi soil

samples...................................................................................................................... 78

Table 3.9: Composition of Mombasa and

Nairobi soil samples ............................................................................................  78

Table 3.10: Average climatic conditions of

Mtvvapa, Mombasa ...............................................................................................  81

Table 3.11 Average climatic conditions of

Chiromo, Nairobi .................................................................................................  81

Table 3.12: Amounts of mass lost and gained from soil samples subjected at various

temperatures.............................................................................................................  86

Table 3.13:Amounts of p,p'-DDT residues recovered from Mombasa soil samples at

various temperatures ............................................................................................  86

Table 3.14: Amounts of p,p'-DDT residues recovered from Nairobi soil samples at 

various temperatures..............................................................................................  86

LIST OF FIGURES

Figure 1.1: General structural formulae of organo-phosphates and carbamates. . . .  10

Figure 1.2: Analogs of D D T ............................................................................................  14

Figure 1.3: Comparison of stractures of p,p'-DDT with that of carbontetrachloride

...............................................................................................................................................  15

IX



Figure 1.4: Metabolic and degradation pathways of DDT.............................................  16

Figure 1.5: Synthesis of D D T .........................................................................................  17

Figure 1.6: Metabolism products of DDT and their s truc tu res...................................  18

Figure 1.7: Major proccesses affecting the fate of pesticides in the environment . . 20 

Figure 2.1: Schematic block diagrams of radio-activity counting equipments. . . 42

Figure 2.2: The Shift of energy due to quenching..........................................................  48

Figure 2.3: The quenching caliberation curve ..............................................................  50

Figure 2.4: The biological material oxidizer ................................................................. 52

Figure 3.1: Variation of p,p*-DDT residue levels in Mombasa plants as a function of

time............................................................................................................................ 65

Figure 3.2: Variation of p,p’-DDT residue levels in Nairobi plants as a function of

time............................................................................................................................  66

Figure 3.3: Variation of weights of plant samples collected from Mombasa and

Nairobi......................................................................................................................  71

Figure 3.4: Variation of p,p’-DDT residue leves with temperature in Mombasa soil

samples.....................................................................................................................  88

Figure 3.5: Variation of P,P-DDT residue levels with temperature in Nairobi soil

samples...................................................................................................................... 89

Figure 3.6: Variation of percentages of extractable and bound residues in Mombasa and 

Nairobi soil samples at various temperatures....................  ..............................  91

X



APPENDIX FIGURES

Figure A l. Arbitrary sample of scintillation counting printout for total residue . . 108. 

Figure A2. Arbitrary sample of scintillation counting printout for bound residue . 109 

Figure A3. Arbitrary sample of scintillation counting printout for the quenching

standards .............................................................................................................. 110

Figure A4. Simple curves showing the variation of p,p’-DDT

residue in Mombasa soil .................................................................................  I l l

Figure A5. Simple curves showing the variation of p,p*-DDT

residue in Nairobi soil ......................................................................................  112

Figure A6. Simple curves showing the variation of p,p’-DDT

residue in Nairobi p lants.................................................................................... 113

Figure A7. Simple curves showing the variation of p,p'-DDT

residue in Mombasa P la n ts ............................................................................... 114

XI



ABSTRACT

The extent to which insecticides may be absorbed and translocated from l4C-p,p’- 

DDT contaminated soils into cowpeas plant tissues and the variation of uptake of p,p’- 

DDT by the plants in relation with the dissipation of p,p’-DDT in the soils was studied 

for three months (90 days) using a radio-nuclide tracer technique. Sampling was done 

biweekly and the residue levels were determined per dryweight of the plants and soil 

samples. Substantial absorption and accumulation of residue was observed for the 

cowpeas grown in two different sites namely,in the coastal province, Mombasa, Mtwapa, 

and highland region, Nairobi,chiromo campus. The degree of uptake also varied with soil 

type and growing conditions. A total residue level ranging from 0.945±0.040 //g/g to 

7.765±0.211 //g/g were obtained for 2 weeks old to 12 weeks old Mombasa plants, 

respectively. For the Nairobi plants, the corresponding values fell in the range of 

1.13610.038 //g/g to 3.239±0.007 //g/g.

The extractable and non-extractable (bound) residue levels in the plants and soil 

samples with respect to time were also determined for the two sites. The Mombasa plants 

gave a range of residue levels from 0.80()±0.065 //g/g to 6.110±0.038 jug/g and

0.084±0.0()1 //g/g to 1.39()±0.()03 //g/g for extractable and non-extractable residue, 

respectively. The corresponding values for Nairobi samples were 1.034±0.011 //g/g to 

2.241 ±0.014 //g/g and 0.080±0.002 //g/g to 0.41110.007 //g/g, respectively.

According to an experiment carried out for one Mombasa plant sample which has 

been analysed for the residue accumulation in different parts of the plant namely, the
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leaves, stem and roots, the total amount of p,p’-DDT residue in the parts of the plant were 

in the order of stem < leaves < roots. This limited data showed also that the majority of 

the residue was found to be in the roots which actually accumulated five fold of either 

of the two parts. The percentage of extactable residue for the parts was also found to 

decrease in the order of leaves > stem > roots. However, the bound residue was found 

least in the leaves and highest in the roots.

A study on the effect of temperature on dissipation of p,p’-DDT from the soil 

samples with respect to the total, extractable and bound residues was also made separately 

for soil samples of the two sites. As a result temperature was found to have a significant 

effect on the variation of total, extractable and bound residue levels. For both Mombasa 

and Nairobi soils the total and extractable residue were found to decrease with increase 

in temperature and the bound residue increase with increase in temperature. The critical 

temperature was found to be 90°C in all cases. The halflife of p,p’-DDT in the two soil 

samples were also determined using first order kinetic analyses and the results gave

119.7 and 107.2 days for Mombasa and Nairobi, respectively.
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CHAPTER ONE

1.1 INTRODUCTION

The astonishing advance in chemistry, physics and 
engineering in this era comprises the latest phase of an 
industrial revolution that has changed civilization. The 
mechanical revolution completely altered agricultural 
methods and now the chemical revolution is carrying onto a 
new height of efficiency.

A major component of the chemical revolution is the 
use of pesticides. By the extensive use of pesticides 

developed countries have become self-sufficient in terms of 
the total food needs. Not only has the quantity of food 

produced increased but there has been a consistent increase 
in quality. The steadily advancing demand for pesticides 
will continue to expand and so maintain their important 
contribution to increasing global food production and 
protection of health.

DDT, the widely used organo-chlorine pesticide has 
been known as one of the most effective and economical 
pesticides. Before DDT fell from grace due to its 
persistence and toxicity, it ranked with penicillin as one 
of the great wonder drugs of modern chemistry (Friedman, 
1992). In fact, the immediate source of heavy interest in 

insecticides is believed to have come from the dramatic 

success of DDT. Thus from the time it was learned that DDT
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was effective and economical pesticide, through many years, 
millions of pounds of production and use continued as a 
pesticide without equal. This was due to its "permanent 
kill" characteristics, relatively low cost and ease of use 

(Miller, 1992).
The wide disclosure about the wide spread, dispersal 

and accumulation of DDT in animal tissues together with the 
irreparable damage that may already have been produced by 
chronic or delayed effect of DDT residue already in 
existence, has produced a strong body of opinion in favour 
of placing severe limitations on the use of DDT. The 
indiscriminate use of DDT itself in such a manner has now 
been reduced or suspended and even banned in many 

countries. Although DDT and most organochlorine pesticides 
are believed to have toxic effect and health hazards, it is 
the persistence rather than the toxicity which has resulted 
in attempt to phase them out wherever possible. A group of 
chlorinated pesticides called the cyclodienes (e.g. aldrin, 
dieldrin, chlordane and heptachlor) are among the most 
persistent of all pesticides, especially when applied to 

soils where they are absorbed to fine particles (Martin, 
1969). The persistence of DDT is due to its low 
volatility,low water solubility and due to good stability 
though when in solution, it is readily decomposed by 
alkalies with loss of hydrochloric acid and insecticidal 
activity.
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In contrast to this overriding public health 
consideration however, many countries of Africa and other 
developing countries still permit DDT to be applied 
regularly onto their farms. In Kenya considerable 
quantities of pesticides are used every year to combat 
human, livestock and agricultural pests. A record of import 
by Kenyan Government according to the report of pest 
control product board of Kenya shows that Kenya has been 
importing most of the major classes of pesticides like 
Insecticides, Acaricides, Herbicides, Fungicides and others 
(Lalah, 1993). According to the report the quantities of 
pesticide imported by Kenyan government in the years 1986 
to 1990 were as follows.

Pesticide class Amount (tonnes)

Insecticides and Acaricides 1076 - 1576

Herbicides 1129 - 1136

Fungicides 1330 - 6584

Others 808 - 857

Specifically, DDT, Malathion, carbofuran, Furadan and 
Carbonsufor were imported over the years although according 
to the fore-mentioned report,there has been no importation 
of DDT since 1985. The major use of Malathion in Kenya was 
against storage pests and in horticulture crops and DDT 
(before it was banned) as an insecticide for public health 
control of Malaria.
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1.2 Statement of the Problem

There are many issues of concern as well as real 
problems that confront man in a society. Of all such 
problems the most pressing are those of increasing human 
population and food deficiency. One of the reasons for food 
deficiency is the crop losses caused by pests. Agricultural 
pests have co-existed with humans since the dawn of 
civilization and it is particularly difficult to separate 
pests from life affairs. Pests are African farmers major 
agricultural problems and their presence in the farm is 
exacerbated by poverty and other socio-economic problems. 
Humans in a desire for increased food and fibre production 

have constantly been trying to eliminate pests.Tremendous 
amounts of pesticides have been poured into the African 
environment in an attempt to combat weeds and other pests.

However, pesticides being toxic compounds have been 
found to have detrimental effect on the environment. 
Chlorinated hydrocarbon insecticides used extensively 
during the last decades have now presented major residue 
problems. Such accumulation of residues is believed to have 
detrimental effect on subsequent crops as well. Not only 
may roots be affected by those residues but some may be 
translocated into the crop tissues. This study was then 
done with a view of generating reliable experimental data 
as to how far and how much of p,p'-DDT may be accumulated 
in the widely cultivated crops around tropical African 
countries.
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A wide range of grain legumes are grown in tropical 
countries like Kenya. The major grain legume crops in 
tropical Africa are field beans, cowpeas, ground nuts and 
pigeonpeas. In the present study cowpeas (vigna 
unguiculata) have been chosen because of their abundance in 
the farming practice of the two sites under consideration 
(Mombasa and Nairobi). The other major reason for their 
selection is that most of their parts including the leaves 
are edible. Cowpeas are grown as a sole crop by large scale 
farmers but the majority of the small scale farmers grow 
them as a component of inter-cropping system. Towards the 
end of the eighties, Nigeria had been the world's leading 
producer of cowpeas (Okubundo,1987).

This study was done with the consideration of the 
effect of inherent environmental factors such as 
temperature, soil type and climatic conditions. The result 
of this study is expected to lay out basic information 
supported by experimental results pertaining to the degree 
of possible intake of p,p'-DDT by cowpeas. The second part 
of this study i.e. the effect of temperature on dissipation 
and adsorption of p,p'-DDT was carried out with the 

intention of identifying the dominant environmental factors 
that enhance or decrease the degree of uptake by plants 
with regard to the fate of the pesticide in soil. This was 
also done considering various temperatures in a laboratory 
condition keeping all other factors to be constant. It is 
anticipated that the laboratory experiment could yield 

information about the actual environmental condition. The
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various temperatures were taken as analogy to the varied 
actual temperatures where the pesticide is applied by 
farmers living in various zones of the earth with 
latitudinal variation such as the polar, tropical and 

temperate.

1.3 Objectives

The primary aim of this research was to bring together 
under one experiment the most significant environmental 
problem of p,p'-DDT and the uptake by plants. Persistence 
has been singled out as the most undesirable aspect of the 
compound. In this experiment attention was given to the 

inter-dependence among persistence, soil type, temperature 
and growing conditions of the plants.

Overall, the present work was done with the following 
objectives
1. To find out the extent to which p,p'-DDT may be 

absorbed or translocated by cowpeas plants

2. To analyze quantitatively the amount of p,p'-DDT taken 

up by cowpeas grown in two different sites; namely the 
coastal region,Mombasa and highland region, Nairobi.

3. To investigate how plant p,p'-DDT uptake varies with 
environmental factors with a view to establishing 
dominant parameters that affect the rate and degree of 
uptake

6



4. To compare and contrast the observations in the course 
of growing of the plants at the two sites.

5. To determine the amount of residue accumulated in the 
three different parts of the plants (leaves, stems and 
roots).

6. To study the effect of temperature on dissipation and 
adsorption of p,p'-DDT on soil particles in terms of 
the total ,bound and extractable residues.

7



CHAPTER TWO

2.1. Historical Development of Pesticides.
A pesticide is defined as a substance used for 

mitigation, control or elimination of plants or animals 
detrimental to human health and economy (MC-Graw-Hill, 
1987). Any animal or plant out of context is regarded as 
a pest such that even volunteer cabbage plants growing with 
onions have to be regarded as weed pests. There are 
several ways of classification of pesticides but the 
commonly used basis of classification are:

a) chemical structure

b) types of target organisms they are applied on and
c) their mode of action.
Detailed explanation of the classification would take 

us far beyond the scope of this thesis. However, it 
becomes indispensable to mention few details of pesticides 
as related to the status of DDT.

Researchers from numerous disciplines including 
biochemistry, biology, soil science and engineering have 
contributed to the discovery and development of several 
types of pesticides. The old phase of man's attempt to use 
some inorganic chemicals like arsenic (As), lead arsenate 
[Pb3 (As04)2] had been found extremely poisonous to man and 
other non-target organisms. Besides, inorganic pesticides 
as a group lack both the high phytotoxicity and selectivity 
of many of the organic pesticide (Ware, 1975). For 

instance, inorganic herbicides are believed to generally

8



pose fewer environmental pollution problems than the 
organic herbicides. Any health hazard arising from the use 
of many of the inorganic herbicides is likely to be contact 
rather than systematic or physiological injury while such 
injuries are limited to the immediate users (Audus, 1976). 
For example, sodium chlorate has low mammalian toxicity but 
is a fire hazard. However, the discovery of organic 
pesticides has provided man with new and powerful weapons 
for his constant war against pests, vector-born diseases 
and weeds.

Considering the chemical structure and principles of 
pesticide actions, some classes of pesticides have been 
designed to have some general formulae. For example, 

organo-phosphates and carbamates were designed to have the 
general formulae shown in figure 1.1. The substitution of 
different alkyl groups in the structure give several 
synthetic organo-phosphates and carbamates.

On the other hand the exploration of chemical 
principles in this field resulted in the achievements of 
extended innovation and discovery of some biological

control methods such as pheromones or sex-attractants. 
Pheromones originally are referred as ecto-hormones which 
are complex chemical compounds basically long chain 

hydrocarbons such as alcohols, esters, ketones, aldehydes 
and sometimes ethers. In most cases the formulation of 
chemical derivatives of pesticides is more or less a 

modification of the parent insecticide. Examples of 
pesticides in which derivatives have been developed are 2,4

9



phenoxy carboxylic derivatives and other phenoxy herbicides 
such as the benzoic acid herbicide, Trichloroacetate and 
glyphosphate herbicides (Hill,1987).

Organophosphates

Figure 1.1 General structural formulae of organo-phpsphates 
and carbamates

Depending on the type of target organisms, pesticides 
are commonly classified as Herbicides (used to kill weeds), 
insecticides (used for killing harmful insects), 
Rodenticides (used to kill rodents), acaricides (used to 
kill ticks and mites), fungicides (used for the control of 
plant fungal diseases), nematicides, molluscides and 
bactericides (used to kill nematodes, molluscs and 
bacteria, respectively).

Lastly, pesticides have also been known in a number 
of names based on their modes of actions. These are;

1. Repellents - Pesticides that are designed to keep

Carbamates

insects away.
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2. Anti-
feedants - chemicals that block part of the feeding 

response in some phytophagous insects.
3. Fumigants- volatile substances that vaporize and the

toxic gases kill pests within enclosed 
containers, greenhouse or in soil.

4. Smokes - finely divided insecticidal powder mixed
with a combustible material where the 
insecticide is dispersed as smoke only of 
use in green houses and other enclosed 
spaces.

5. Stomach

poison- those pesticides that have to be injected by
animals pests to be toxic.

6. Contact

poisons - Pesticide which are usually absorbed
directly through the cuticle and enter the 
body of the organism.

7. Systematic
poisons- Pesticides which are watered into the 

soil,sprayed on to the plant or applied to 
the trunk.

2.2 Toxicity of Pesticides
All pesticides are by definition toxic to some form of 

living organisms but like many tools invented by human for 
their use, there are ways in which these chemicals can be 

used safely. The extent of toxicity depends on many reasons
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including the mode of action of the chemical, its 
formulation and concentration, the dose taken, the method 
of intake, the state of health of the organism, its body 
weight and sex (Hutson, 1985). Toxicity of pesticides is 
expressed on the basis of Median lethal dose called LD5Q • 
This is a statistical estimate of a chemical dose which 
when administered to test animals, will kill 50% of them 
under some stated conditions. This lethal dose is expressed 
in weight (Kg) of the test animal. The oral LD50, dermal LD50 
and vapour form of the chemical LC50 are some of the 
parameters used depending on the method of intake.

Pesticides, in general, are known to have harmful 
effect also on soil micro fauna and flora. Although DDT is 

believed to have an acute mammalian toxicity, the effect is 
relatively insignificant while the major problem is the 
tendency of DDT and its metabolites, especially DDE, to 
accumulate in the fatty tissue of mammals.

In order to have complete picture of the effect of any 
particular pesticide, it is of utmost importance that its 
actions at various levels ranging from those of molecules 
to whole animals be studied. In fact, DDT was found to vary 

with diet, race, age and undetermined individual 
differences. There is evidence that other pollutants may 
interfere with excretion of DDT. In one experiment, dogs 
exposed to DDT and aldrin at the same time stored twice as 
much DDT as dogs exposed to DDT alone (Miller, 1992). To 

understand the toxicological action on animals or humans it 

may not be enough to know the action at each level only but

12



the actions at various levels must be integrated to 
construct a picture of the toxic effect on the infant 
organism (Navahashi, et al, 1989)

2.3 Characteristics of DDT

The insecticide DDT has the following characteristics; 
Empirical formula C14H9C15, Molecular weight 354.49, 
Structural formulae of the two isomers are,

CCI3 CCI3

o,p'— DDT p ,p '— DDT

The I.U.P.A.C. name of p,p'-DDT is 1,1'-Bis (p-
chlorophenyl) -2,2,2-trichloroethane. Registered trade marks 
of DDT in commerce are; Girasol, Noecid, Dicophane, Chloro- 
phenanthan and Gesopon.

Physical properties of p,p'-DDT;
It exists as white needles of melting point 108- 
109,°C, density = 1.6 kg m-3, vapour pressure =
1.5 x 107 mm Hg at 20°C, solubility =0.1 mg/1 in 
water and moderately soluble in petroleum oils 
and readily soluble in most aromatic and 
chlorinated solvents.

13



H H

Cl
\  //

— c —
I

y  c V 
CK | X CI

Cl

\  //
Cl CH,0<

\  // \  //
OCH.

Cl^ | "Cl 
Cl

P.P'-DDT Methoxychlor

\  //

OH 
I

—  C —
I

/ C \Cl I Cl
Cl

^  // \  /

OH
I

■C- Cl

cr oc2h 5

Dlcofol Chlorbenzilate

Figure 1.2 Analogs of p,p'-DDT

The p,p'-isomer of DDT forms a colourless crystal 
practically insoluble in water. By comparison of its 
structure to that of CC14 (carbon tetrachloride), one might 
predict DDT would be soluble in fats. Figure 1.3 shows the 
comparison of structure of DDT with CC14. The other analogs 
of DDT which have similar structures as that of DDT are 
shown in figure 1.2*

Biochemically DDT is nerve poison because it 
concentrates in the fat like brain tissue and interferes 

with Calcium metabolism essential to the formation of 

healthy bones and teeth (Hill, 1972). The main metabolite
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of DDT is DDE [1.1(dichloro-ethylene)], which is formed by 
dehydro-chlorination under alkaline conditions. Vigorous 
hydrolysis yields 4-chloro a-(4-chlorophenyl) benzene

Cl

Cl Cl-------c --------Cl

I
Cl

p,p '-DDT Carbon tetrachloride

Figure. 1.3 Comparison of structure of p,p'-DDT with that 
of CC14

acetic acid, DDA, which is usually excreted in urine of 
contaminated mammals (Hill, 1983). 1,1' -(2,2-Dichloro 
ethylidene) bis (4 chloro benzene), DDD, is a further 
degradation product which is a primary metabolite and has 
been detected in insects and mammalian organisms. The 
other common metabolites and reaction pathways are shown on 
figures 1.4 and 1.6. DDMS and DDMU are secondary 
metabolites of DDD and DDE, respectively.

2.4 Synthesis of DDT

DDT was first synthesized by 0. Zeidler in 1874 but 
its insecticidal properties were not discovered until 1939 

by Paul Muller (Fine, 1992). The Zeidler synthesis is 

described as a condensation reaction of chloral with chloro
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Abreviations
DDD - Dichloro diphenyl dichloro ethane 
DDE - Dichloro diphenyl dichloroethylene 
DDMU - Dichloro diphenyl chloro ethylene 
DDMS - Dichloro diphenyl chloro ethane 
DDO - Dichloro diphenyl ethane 
DDT - Dichloro diphenyl tri chloro ethane

Figure 1.4 Metabolic and degradation pathways of DDT

16



benzene in the presence of sulphuric acid as shown in 
figure 1.5.

The abbreviation DDT refers to Dichloro Diphenyl 
Trichloro ethane. The technical product as a result of the 
the reaction indicated (figure 1.5) is a mixture of 
compounds and may contain up to 30% of the o,p'-isomer 
(ortho-para isomer). The specification universally 
accepted for DDT and approved by W.H.O. calls for a content 
of at least 70% p,p'-isomer (para-para isomer) which is the 
more effective insecticide (Hill, 1978). The factors 
responsible for the phenomenal success of DDT in the years 
subsequent to its synthesis and discovery of insecticidal

PjhCl

--------^ —> H ------C------- CCIj + H2 0
- h 20 |

PhCI

-----— >• DDT + Water
dehydration

Figure 1.5 Synthesis of DDT 

activity are:

i) High insecticidal activity and broad spectrum.
ii) Low price
iii) Simple manufacturing and handling process

iv) Long duration of activity and low acute mammalian 
toxicity.

\ /
2 PhCI + C

CCI3

Chlorobenzene + Chloral
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2.5 Pesticidal Activity of DDT
The wide-spectrum of DDT allows it to be applicable in 

almost all sectors of pest control activities. Before it 
was banned, DDT had been used as a powerful antidote

Cl

D D D ( T D E )

Cl

Dicofol

Figure 1.6 Metabolism products of DDT and their structures.

of most insect species. DDT is both stomach poison and 

residual contact insecticide, which even a walking insect 
can retain lethal dose of it when it comes in contact with 
sprayed leaves. Insect species Dipteral (flies, gnats) and 
chewing insects (beetles, caterpillars) are very 
susceptible to DDT, whereas aphids are only slightly 
susceptible to DDT and spider mites not at all. The 

pronounced contact activity of DDT is due to the highly 

lipophilic characteristic of the compound, which enables it
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to penetrate the insect cuticle. DDT coating on solid 
surfaces has a considerable duration of activity such that 
a mixture of DDT with pyrethrum in household spray 
guarantees a rapid knockdown effect. Little is known about 
the possibility of chronic poisoning by DDT. However, it is 
believed that DDT acts by disturbing the sodium balance of 
the nervous membrane and the enzyme catalysed conversion 

into inactive DDE (Hill, 1978).

2.6 LITERATURE REVIEW

2.6.1 DDT Residue in the Environment

Once DDT finds its way into the soil, water bodies and 
non-target organisms, the very same properties such as 
persistence and toxicity to wide variety of insects, that 
makes it a valuable agricultural chemical, starts imposing 
some undesirable long term and short term effects. This 
phenomena is related to the slow degradation and 
dissipation rates of DDT. This aspect in relation to the 
residue accumulation has been studied extensively in soil, 
animals and plants.

It has been estimated that less than 0.1% of the 
pesticides applied to crops reach the target organisms; 
thus, more than 99% of the applied pesticides have the 
potential impact on non-target organisms and to become 
widely dispersed in the environment (Tardiff, 1992). The 
same report has revealed that approximately 5 million tons
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of pesticides, perhaps 70% herbicides and only 5% 
insecticides are applied annually in the world of which 
about 7 0% is used for agriculture and the remainder by 
public health agencies and government agencies for vector 
control by home owners. Likewise some of the DDT sprayed 
from planes is carried into the upper atmosphere, to come 
down eventually in rain water in even the most remote 
places. These and others are the main factors that enhance 
the chance of making the environment rich in residue of 
several pesticides. The major processes affecting the fate 
of pesticides in the environment are shown diagramatically 
in figure 1.7.

2.6.2 DDT Residue in Soil

Soil is a complex mixture of minerals, organic 
matter, water and air. It is a natural medium for the 
growth of land plants and is a dynamic natural body on the 
surface of the earth in which physical, chemical and 
biological processes occur. Extensive studies have been 
made on the rate of degradation and dissipation of DDT in 
soils. For example, to help explain low concentration of 
DDT found in some birds of Kenya, a field test of the rate 
of disappearance of DDT from tropical soil was conducted by 
Siecher and Hopcraft (1978) in the Department of Chemistry 
University of Nairobi. This study which was conducted at 
a place near Lake Nakuru, gave a half life of 110 day for 

DDT. Their data suggested that the DDT sublimed directly
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without prior degradation to DDE and the results showed 
that sublimation alone can account for the disappearance of 
pesticides of low volatility even if they are strongly 
adsorbed on soils.

According to another experiment conducted by L. 
Vollner on soil in 1993, DDT was found to decompose and 
evaporate in a semi-closed system during 55 days up to 20%. 
The rate of evaporation and degradation in an open system 
was found to be higher than 80% during the same period of 
exposure. Similarly, a study on the degradation and 
dissipation of 14C-p,p'-DDT in tropical soils of Nairobi 
under field and laboratory conditions for a period of six 
months by Lalah (1993) showed that DDT dissipated more 
rapidly from the soil under field condition of tropical 
region than reported for temperate region. An overall 
halflife of 64.6 days was found for Nairobi while 
researches done in most tropical countries showed longer 
half lives of more than 80 days. Moreover, in the same 
study the effect of solar radiation on the dissipation of 
14C-p,p '-DDT from non-sterile soil was also studied under 
laboratory condition and it revealed that the major 
dissipation process involved in the degradation of p,p'-DDT 
was volatilization.

Similar study on dissipation and degradation under 
field condition of 14C-p,p'-DDT in Mtwapa, at Kenya coast 
over a period of 168 days as reported by Ng'ang'a (1994) 
showed that p,p'-DDT dissipates in a biphasic pattern i.e. 
a rapid phase from 57-168 days with an over all halflife of
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270.2 days over the entire 168 days period. Another report 
of the second FAO/IAEA research co-ordination meeting on 
radio-tracer studies of behaviour of DDT in tropical 
environment has also shown that the disappearance of the 
radioactivity and extractable p,p'-DDT generally followed 
a biphasic curve with initial curve being rapid followed by 
slower phase. According to this report, the dissipation of 
14C-p,p'-DDT from soil was studied under field conditions 
for one year in nine countries. Volatilisation and 
microbial degradation were apparently found to constitute 
the main mechanism by which DDT dissipates from soil. Among 
the nine countries, in Indonesian soil about 2/3 of the 
applied dose dissipated during 36 weeks and bound residue 
was only 2%. In Nigerian soil, only 26% of the applied dose 
dissipated during 32 weeks and binding to soil was 
relatively high (10%).In Hawaii, the halflife of DDT was 
estimated to be 105 days. In Egypt, DDE showed a higher 
rate of dissipation than DDT and only 10% of the applied 
dose could be recovered from a 14 cm column after 3 months. 
Furthermore, all experiments indicated a relatively high 
percentage of dissipation of DDE from soil,largely due to 
volatilisation.

Persistence of some chlorinated hydrocarbons and p,p'- 
DDT have also been found to depend on soil type, rate of 
application and temperature. A field and laboratory studies 
conducted to determine the effect of soil type, rate of 
application and temperature on the persistence of DDT, 
Lindane and Aldnn have shown that soil temperature is an
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important factor in the persistence of insecticides 
(Liechtenstein,1958). According to this study, no 
insecticide loss was found in frozen soil. At a 
temperature of 6°C (16% to 27%) of aldrin and heptachlor 
were lost during a period of 56 days and only 2% to 14% of 
the initial insecticides were found after 56 days when held 
at a temperature of 4 6°C. DDT was found to be the most 
persistent of the three insecticides investigated and the 
difference in the rate of loss as influenced by muck and 
loam soil was the least noticeable. The depletion curve 
obtained for DDT in those two soil types were nearly 
parallel after the initial loss during the first summer 
season. Besides, the amount of DDT recovered from muck soil 
was 1.4 times more than that recovered from Miami silt loam 
six months after treatment and the same ratio was obtained 
when both soil types were analyzed for DDT during the 
following three years.

The influence of other factors like concentration, air 
flow and vapour pressure were also studied by several 
researchers. Volatilization of pesticides from soil 
surfaces and subsequent dispersion in the atmosphere is one 
means by which pesticides may rapidly spread throughout the 
environment. Therefore, it is important to know how 
various soil properties influence volatilization. Farmer 
(1972), have studied the influence of these factors and 
concluded that the vapour density of the soil-applied 
pesticide was the main factor controlling volatilization. 
According to this report the rate of volatilization of
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dieldrin concentration from Gila silt loam increased with 
increasing soil pesticide concentration until the soil 
dieldrin reached 25 jig/ g. An increase in temperature of 
1 0 °c increased the rate of volatilization approximately four 
fold. This study showed also that increasing the rate of 
air movement over the soil surface from 0.005 to 0.018 
mile/hr increased the rate of volatilization two fold and 
the order of volatilization of the three insecticides was 
lindane > dieldrin > DDT. The same order was observed for 
increasing vapour pressure although the increase in the 
rate of volatilization of the three insecticides was less 
than the increase in saturation vapour density of the pure 
compound. Generally, the volatilization rate decreased 
rapidly as soil pesticide concentration decreased.

2.6.3 DDT Residue in Animals and Humans

Findings of many studies have shown that DDT residue 
accumulation in humans and animals is also very common. 
This results from the intake of residues through several 
circumstances such as ingestion, feeding on DDT residue 
containing plants and body contact between DDT and the body 
of the organism. Once it gets into the body of the organism 
it may generate immediate or long term toxic effect on the 
organism. DDT is known to have harmful effect on bees, fish 
and livestock. Chlorinated hydrocarbons show high affinity 
for fats and are concentrated in fatty tissue of animals 

(Martin, 1969). Several reports have shown that DDT is
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stored in the body fats of birds and animals and excreted 
in the milk of mammals. Once stored, most are readily 
excreted which has led to a negative impact on some non­
target organisms. According to what was reported by Stecher 
and Hopcraft another study on chlorinated hydrocarbon 
residues at lake Nakuru was made by Koeman, et al. , in 
1970, samples from several species of birds and fish were 
collected and analyzed for DDT, DDE, DDD and dieldrin and 
endrin. The results which were gratifyingly low, ranged 
from less than 0.001 to 0.064 ppm. The low level of 
pesticide residues found in this study suggested that these 
insecticides disappear more rapidly at lake Nakuru than in 
temperate climates where the disappearance is caused by 
sublimation, chemical degradation, bacterial degradation 
and transportation by wind erosion of surface dust.

Chlorinated hydrocarbons at low concentration have 
been especially harmful to some fish and birds species 
owing to the tendency of these chemical to become 
concentrated in fatty tissues and disrupt normal calcium- 
transport in cells. DDE, the toxic metabolite was an early 
suspect in egg shell thinning in pelicans and decline of 
bald eagles, osprey, and peregrine in the U.S.A. This has 
been generally attributed to wide spread use of 
insecticides (Blus et, al., 1971). An evidence in favour 
of this was also found showing partial recovery of some of 
the metabolites from birds following the ban on most DDT 

use in the U.S.A. Soon after the introduction of DDT it 

was noted that there was a general decline in arthropods
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variety in forested ecosystem (Haffman, 1967).
Increased storage of organo-chlorine pesticides has 

been found in people suffering from chore disease such as 
partial cirrhosis, carcinoma and hypertension 
(Liechtenstein, 1978). In another study by Ehrlich, 1972, 
in high doses, DDT was shown to increase the incidence of 
cancer specially liver cancer in mice. This indicates that 
DDT might also be carcinogenic in human being. At 
concentrations of roughly 10 ppm, DDT in rats has been 
shown to induce abnormally high levels of certain enzymes 
that breakdown many prescribed drugs and rendered them 
ineffective. It also increases the weight of uterus and 
deposition of dextrose in the uterus. The same study has 
suggested also that DDT affects the sex hormones of rats 
and birds and may produce sterility in rats. Rats 
reproductive physiology shows many similarity to humans but 
much is not known whether human changes occur or what their 
effects are if they do.

Findings of other studies have also shown the 
correlation between DDT levels in infant tissues and cause 
of death. Concentrations of DDT and its breakdown products, 
DDE and DDD as well as dieldrin were significantly higher 
in the fat of patients who died of softening of the brain, 
cerebral haemorrhage, hypertension, portal cirrhosis of the 
liver and various cancers than in groups of patients who 
died of infectious diseases (Ehrlich, 1972). The history of 
the patients in the study showed that concentration of DDT 
and its breakdown products in their fats were strongly
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correlated with home use of pesticides, heavy users, having 
much higher concentrations than light or moderate users. 
According to the same report the mean concentration of DDT 
in human population was found to vary from one geographic 
location to another, both within and among countries 
analyzed.

2.6.4 DDT Residue in Plants

As soil containing insecticidal residues are used in 
agriculture, the insecticides might be translocated into 
various plant parts and consumed by humans and animals. To 
obtain more information as to the extent to which 
insecticides are translocated from contaminated soils into 
plant tissue, the relationships between the absorbance, 
insecticidal residues, soil type and crops were studied by 
many researchers out of which the present work is one.

Studies done by researchers as early as 1964 (Miles 
and Haris,1964) on organochlorine insecticides revealed 
that pesticides applied on 15 farms in north Ontario, 
Canada were consistently found in all plants and were the 
highest in the order orchards > vegetables > tobacco > 
other field crops. Comparison made by the same study 
indicated no significant accumulation of residues in 
mineral soils used for production of fruits, tobacco and 
other field crops. Vegetable samples collected from Bombay 

markets were found to contain residues of organochlorines 
in a three years study by Khanderkar et al.,(1982). An
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experiment carried out by Shahamet (1980) also showed that 
soil bound residues of DDT were absorbed by oat plants 
grown in organic soil treated with radio-labelled DDT. The 
oats were found to contain more extractable residues (75%) 
with nearly 51% on the shoots.

To answer the question as to which of the two forms of 
soil residues (bound or extractable) interact with the 
environment and are likely to be taken up by plants and 
animals, the following example could be cited.The study on 
data release of an extractable residue of methyl parathion 
and potential pick up of the radio-labelled residue by 
earth worms and oat plants indicated that soil bound 

pesticides are not entirely excluded from environmental 
interaction (Fuhreman, et al,r 1978). According to this 
study once they had pre-concentrated into animal or plant 
tissues, they were translocated and found partially in an 
extractable and bound forms. 58 to 6 6% of the pesticide 
taken up by the earth worms became bound in the bodies and 
82-95% of the residue in oat plants were found extractable.

Some examples could also be cited concerning the 
studies on absorption of chlorinated hydrocarbon 
insecticides from soil into various crops. A study which 
was made of the extent to which insecticides may be 
absorbed and translocated from contaminated soils into 
plant tissues, and the relationship among absorbance of 
insecticidal residues, soil type and crops for three 
insecticides namely DDT, lindane and aldrin was done by 
Liechtenstein (1959) and the pesticides were found to have
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been absorbed into crops, the degree being dependent on the 
type of the crop, the soil type in which the crop had 
grown, the concentration of the pesticide within the soil 
and the type of pesticide. Various soil types such as 
sandy loam soil, Miami silt soil and muck soils were taken 
as soil receiving the pesticides and plants like carrot, 
potatoes, peas, beans, cucumbers, tomatoes and cabbages 
were taken as variety of plants. Of all these, carrots 
were found to have not only absorbed more insecticides than 
any other crops but in the case of lindane accumulated 
greater quantities of the chemicals than occurred in the 
soil. Moreover, the insecticides were most readily 

absorbed from a sandy loam and least from muck soil. 
Carrots were found to have contained 7.7 times more 
insecticide residue and was accumulated with mostly in the 
edible part. The amounts absorbed by the same crop from 
the same type of soil were not in direct proportion to the 
concentration of the insecticide recovered from the soil 
and relatively less insecticide was absorbed from soils in 
which the insecticide was most concentrated. Crops grown 
in aldrin treated soils contained within their tissues both 
aldrin and dieldrin. From this experiment it was concluded 
that the soil type itself seems , in most cases, to have a 
remarkable influence on the absorption of lindane into 
crops.
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As a matter of natural ecological process chlorinated 
hydrocarbon pesticides which have found their way into the 
soil are expected also to undergo biodegradation by the 
micro organisms found in soils. Usually it is the top few 
centimetres of the soil in which most of biological 
activities take place. Considerable evidences exist, which 
show that these pesticides are decomposed by micro­
organisms (Patil et al. and Pilmer et al.). Twenty 
microbial cultures which had been shown to degrade dieldrin 
were tested by Patil et al,(1970),to determine their 
ability to degrade DDT, endrin and other pesticides. The 
results showed that all isolates were able to degrade DDT 
and endrin. Moreover, the DDT metabolites were tentatively 
identified and the majority of the microorganisms tested 
were capable of converting DDT to DDD and none of the 
cultures produced DDE.

Further more, in another study carried out by Guenze 
and Beard (1984) on anaerobic biodegradation of DDT to DDD 
in soil, the result showed that a considerable amount of 
DDT was converted rather rapidly to DDD with only 57% of 
the initial DDT recovered in identifiable products after 4 
weeks of incubation. According to this study seven 
possible decomposition products were separated by thin 
layer chromatography which showed that the DDT was 
dechlorinated by soil micro-organisms to DDD and only 
traces of the other degradation products were detected and

2.6 .5  D e grad a tio n  o f  DDT by S o i l  M ic ro o rga n ism s
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Although the DDT-DDE conversion has been reported in 
a number of systems, the exact mechanism of the reaction is 
still obscure. Some have been carried out on specific 
micro-organisms as well. The experiment of Kallman and 
Andrew (1963) on the conversion of DDT to DDD by yeast 
demonstrated that the DDE is not altered by this organism. 
It seemed unlikely that dehydro-chlorination occurred. In 
this experiment it was also confirmed that incubating DDT 
and DDE together, the rate of production of DDD did not 
exceed that from DDT alone and the recovery of DDE was the 
same as that of DDE incubated alone. The trichloro methyl 
moiety which appears in many organic pesticides, in many 
respects is one of the most difficult group to degrade from 
a metabolic standpoint. Under anaerobic condition, 
however, DDT is apparently susceptible to comparatively 
rapid reductive dechlorination by numerous species of 
micro-organisms. The result of another experiment 
conducted by Guenze, et al.(1984) has also shown that 
during anaerobic decomposition, DDT was converted directly 
to DDD and further breakdown did not result in an 
appreciable build up of the other identified product. 
Generally, the loss of pesticides through processes 
involving volatilization, photo-decomposition and microbial 
decomposition is expected to be more rapid under tropical 
and subtropical conditions (Hill, 1978). DDE is the major 

DDT-derived residue normally found in DDT contaminated 
systems. It is produced by dehydro-chlorination of DDT by

no d e gra d a tio n  o f  DDT was detected  in  s t e r i l i z e d  s o i l .
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most insects, birds and mammals. The development of 
resistance to DDT in some species of houseflies and 
mosquitoes is closely correlated with greater capacity of 
resistant organisms to convert DDT to less insecticidal 
DDE. DDE is particularly effective at inducing microsomal 
enzyme in mammalian liver. This is not necessarily a 
harmful effect and does not alter the body's capacity to 
metabolise many types of foreign compounds including 
pollutants and medical drugs (Hutson, 1985). Generally, 
dissipation of pesticides in soil involves both degradation 
and transfer processes. Degradation may be chemical, photo 
chemical or biological. Transfer processes include, 
adsorption, oxidation and retention of the unaltered 
pesticide by plants or other organism; retention and 
release by particular matter movement of pesticide, vapours 
from the solid to the atmosphere; movement of pesticides 
downward through the soil in percolating water and movement 
of the soil into the surface waters.
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CHAPTER THREE

3.0 EXPERIMENTAL SECTION
3.1 Introductory
3.1.1. Basic theory of Radioactivity.

With the discovery of radioactivity by Becquerel 
(Ensenbud, 1987) at the end of 19th century and further 
discoveries on the nature of radioactivity in this century, 
various achievements have been made to exploit the 
chemistry of radioactivity. The study of radioactivity 
may be described as the investigation of radiation emitted 
in the spontaneous disintegration of certain atomic nuclei. 
Nuclear dis-integration of atoms is related to the 
stability of a nucleus and the stability of nucleus may 
often be inferred from the ratio of number of neutrons to 
protons which increases with atomic number.

The decay of a radioisotope is frequently accompanied 
by emission of one or more of the following radiations: 
Alpha (a), Beta (6 ) and photons (x-rays and gamma-rays) . 
The rate of decay for all these radiations obey the law,

-— - - a N ....... Eqn(l)
dt

where a is the decay constant, t is the time of the 
radioactive decay, N is the number of radioactive atoms of
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halflife t.
Alpha (a) particles are emitted almost exclusively by 

elements above Lead (Pb) in atomic number. The energy is 
usually between 4-6 MeV and is dissipated in a short 
distance giving a high specific ionization. Beta (6) 
particles are emitted by many nuclides and the 
determination of the absolute disintegration rates of beta 
emitters is relatively easy. Moreover, they take few nano 
seconds to dissipate all their energies and the range may 
be a meter or more in air and several millimetres in 
aluminium. Thus beta detectors often absorb a part of beta 
particles energy. Generally, nuclear decay event produce 
approximately 10 protons per k.eV of energy. The energy 
dissipated in a period of time is on the order of 5xl0"9 

seconds. The process of nuclear decay is however a highly 
complex process involving the laws of relativity so this 
description is obviously an over simplification of 
radioactivity.

3.1.2 Measurement, Quantification and Interpretation of 
Radioactivity.

Radiation from a radionuclide can be detected and 
measured in many ways. The best method to employ in any 
particular situation depends upon the nature of the 
radiation and the energy of the radiation or particle 
involved. However, the random nature of nuclear events 
requires that a large number of individual events be
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observed to obtain precise values of the count rate.

Several factors must be considered when attempting to 
measure any activity. Activity could be expressed using 
several units of measurements. It is usually quantified in 
terms of becquerel which is a measure of disintegrations 
per second (dps), curie, where 1 curie (ci) is 3.700 x 1 0 10 

dps, specific activity, the activity per unit quantity of 
radioactive sample which is expressed in a variety of ways 
by disintegrations per second per unit weight or volume. 
Units such as micro-curie or milli-curie per milli litre, 
per gram or per milli-mole are also widely used. For 
labelled compounds, the last unit of specific activity is 

preferably used.
Most old model liquid scintillation counters, like the 

one used in the present work give a readout of counts of 
radioactivity in terms of counts per minute (cpm) . This, 
however, has to be converted into disintegrations per 
minute (dpm), which is of a practical meaning to quantify 
the amount of radioactivity. Mathematically, the (cpm) and 
(dpm) values are related by the equation

dpm ̂J-EHLxlOO ....... Eqn(2)
%Eff .

The percentage efficiency which is determined from the 
calibration curve (see section 3.2.5) that takes care of 
the correction factor for any loss of counts due to
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interfering factors such as quenching effect

3.1.3 The Tracer Methodology-

Tracer methodology is an offspring of nuclear science 
which has provided essential support for the ever-widening 
and deepening knowledge of structure and function in 
physical, chemical and biological systems. The tracer 
method is defined as a technique used to investigate 
certain characteristics of a population of specific objects 
such as molecules, organisms or other entities by observing 
the behaviour of the tracer (IAEA,1991). In principle, a 
stable isotope can be used as a tracer just as well as a 
radioisotope, but generally, isotopic tracers are most 
commonly used to follow the path ways of entity in a 
chemical, physical or biological systems.

The choice of the radioactive label to be used may 
vary depending on the nature of the entity. For instance, 
for an intact organism or an inorganic object, the 
radioactive label used may belong to any element. That is, 
the radioactive label used may belong to one of the 
dements in the tracer. In most cases C, H, N, P, s  

36C1 or 131I are used in radioactive labelling of the 
compounds under consideration because of their abundance 
and efficiency of detection. The label may be incorporated 
into the tracer through biological growth, chemical 
synthesis or exchange processes. Some common ways of radio­
labelling entities are described in the following section.
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On the other hand if the tracer is a mineral nutrient 
the label should be an isotope of that element. The 
general elements in the same chemical group e.g. alkali 
metals, have similar chemical properties but not 
sufficiently so far an isotope of one element to serve in 
general as the tracer for another element in the same 
group. Nevertheless; 14C, the long lived C-isotope is the 
most important single tool made available by tracer 
methodology because carbon occupies the central position in 
the chemistry of biological systems (Packard, 1985).

3.1.4 Preparation of Radio-labelled Compounds

Although the use of radioactive tracer technique is 
often an excellent way to study chemical reaction, follow 
process streams etc, less use is made of them than would be 
expected. This is due chiefly to difficulties in obtaining 
radioactive tracers in their proper chemical forms (Roth 
child, 1965). The introduction of a radio-labelled material 
into a sample system on a measurement of a natural or 
produced radioactivity of a system becomes very useful 
technique for rapid and economical method of analysis for 

the element or materials. Isotope dilution with radioactive 
tracers and labelled reagents, activation analysis on the 
use of radioactive tracers for procedure development have 

much use in analytical chemistry.
Novel means of introducing H 

compounds have received considerable

and 14C into organic 
attention, and such

38



techniques have mainly made use of a hot-atom chemistry 
involving nuclear reactions. However, this procedure has 
serious disadvantages. Apart from the step by step 
conventional synthesis, with the availability of purified 
enzyme and enzyme systems, a great variety 14c and 3h 

labelled compounds of biological interest could be prepared 
with relative ease.

Some radio-labelling processes involve simple 
consideration reaction which provide good yields of 
radioactive products. However, prior to conducting the 
radioactive synthesis, one or more trial synthesis should 
be made with non-labelled material in order to gain 
experience and confidence in the procedure to be sure that 
the reagents are of acceptable quality. Analysis of the 
solution of the tracee by two dimensional TLC or autography 
and by liquid scintillation counting procedure to obtain an 
estimate radiochemical purity of the preparation and the 
identification as well as quantifying impurities is also 
important. In some cases if the purity is less than 95% 
additional purification by recrystallization or other 
methods may be needed before the preparation is used for 
experimentation. The radio-labelled C-P P' - DDT used in 
the present work, however, was not prepared locally but 
bought ready made from International Isotope, Munchen, 

Germany.
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3.2 INSTRUMENTATION
3.2.1 The Radio-isotope Tracer Technique.

Although pesticides and their environmental impact 
are mainly analyzed by GLC, HPLC and TLC, the use of 
nuclear techniques and in particular radio-isotope tracer 
technique is a widely used vital part of pesticide 
research. Generally, nuclear techniques are based on the 
use of a source of radiation and detection of radiation. 
Being a nuclear technique, therefore, radioisotope 
technique also makes use of the advantage of traceable 
radioisotope elements which emit radiation and by virtue of 
■t^eir systematic detection and estimation of 
radiation,qualitative and quantitative information could be 

obtained.
In dealing with a radio-isotope tracer technique, 

instruments which estimate the radioactivity m  various 
ways are used. The general requirement for laboratory 
counting equipment include, high sensitivity to the 

radiation being measured, high counting efficiency, low 
background counting rates and stability. The usual 
instrumentation for counting consists of a detector, pre 

amplifier, amplifier, power supply and count recording 
equipment (see Figure 2.1). The auxiliary equipment such 
as shields, timers and printing devices may also be

u^irrht- analyzers either simple or multi- required. Pulse height i

, -i with the proper detectors to givechannel may be used witn r y
. , ..onfitative information on severalqualitative and quantum
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constituents in the sample.
Generally, three main types of counting equipments are 

known.
1. Geiger-Muller (G.M.) counters
2. Proportional counters
3. Scintillation counters.

The scintillation counting method is the one used 
throughout the present work. Its general principle of 
operation and description has been given in (section 3.
2.2). However, a brief description of the other two methods 
may also give us an over all view of the principle of 
radio—isotope tracer technique.

Geiger-Muller counters are used most widely for the 

detection and measurement of beta particles. G.M. counters 
operate at a reduced gas pressure and contain certain 
amount of quenching gases like alcohol or halogens. The 
efficiency of G.M. counters is determined mainly by the 
performance of the G.M. tubes which are used as detectors. 
For gamma rays they are not very effective because most of 
the photons will penetrate the gas without any interaction. 
Although energetic beta particles, electrons and gamma or 
x-photons emitted by radioactive liquids may be counted by

G.M. counters, it is not possible to count low energy beta
 ̂ a problem that arises from theparticles because or F
I7aii of G.M. tubes. Alternatively adsorption on the wail u j

. are used to count and detect lowproportional counters
. i „ qnch as from Carbon 14 isotope. In energy beta particles sucn

ive samples are placed insidethis technique the radioactive
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the detector which will be transformed by a gas at 
atmospheric pressure.

Scintillation counters make use of a substance called 
scintillators for the absorption and remission of light. 
A scintillator is a substance which emits a small flash of 
light when stuck by fast charged particles. An example of 
a solid scintillator is (Ag)ZnS hit by an alpha ray. 
Depending on the type of scintillator used two types of 
scintillators are known, the solid and liquid scintillator.

Solid scintillator called flours are particularly 
suited for the detection of gamma rays, x-rays and 
annihilation radiations because of the high densities of 

certain solid crystals. The alkali halide, in particular 
Nal, has been the most useful. When a gamma ray photon is 
partially or totally absorbed in the scintillation crystal, 
at least one fast electron is liberated. These fast 
electrons cause excitation and ionization along their paths 
in the crystal. After counts have been collected for a 
period of time, the readout of the memory will be a gamma
ray spectrum of the radiation absorbed by the scintillation 
detector. One of the main advantages of solid

is the very short resolving time scintillation counters is m  i
, • u r.nnntinq rates to be determined upto which enables high counting

. without the necessity of resolvingabout 1 0 0 0 counts/sec
time correction (IAEA,198 )
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3.2.2 The Liquid Scintillation Counting (L.S.C.) and 
Its Principles

Like any other matter in motion, beta particle 
radiation dissipates its energy by collision in the medium 
in which it is released. In a liquid which is relatively 
dense medium, beta particles will travel only short 
distances before all their kinetic energy is dissipated. 
The energy is absorbed by the medium in three forms, heat, 
ionization and excitation of the molecules. Therefore 
liquid scintillation counting is an analytical technique 
which is defined by the incorporation of the radio-
labelled analyte into uniform distribution with a liquid 
chemical medium capable of converting the kinetic energy of 
nuclear emissions into nuclear photons (Packard, 1985).
Besides its high sensitivity because of its being 
applicable to all forms of nuclear emissions (alpha, beta 
and gamma), liquid scintillation counting today is the most 
widely used technique for the detection and quantification 
of radioactivity. It offers many unique measurement
. , oo homogeneous sample geometry, noadvantages such as *
 ̂ and maximum radio nuclide countingadsorption effect a

efficiency.
, . ^nnq of liquid scintillation countingIn most applications

lT70 the use of only one type of radiomany researches involve ^
,  ̂ For example, the pesticide usedlabel tracer methodology*

.opn labelled with l4C-radioisotope of
in this research has

norov beta particles. In such cases 
carbon which emits low energy
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the basic objectives of the technique is to arrange for 
emitted beta particles to collide with the solvent 
molecules * The energy resulting from the collision excites 
the solvent molecules and is transferred to other molecules 
until it is finally transferred to the scintillator

compound.

3.2.4 Scintillation Counting Aiding Reagents

In liquid scintillation counters, the solvents also 

involve in some effective absorption and remission of 
light. However, excited solvent molecules do not have the 
right wave length and are not readily recognized. 
Therefore, a scintillation solution (cocktail) which

mixture of solvent and solute is used to aidconsists of a mixruLts
tta proc... of detection of the r.dio-.ctivity. In thi. 
c « .  the bulk solvent .ust efficiently transfer energy to
. scintillator .ol.cul-, and be capable of dissolving th.

, thp sample material. Aromatic solvents scintillators and the saup
xvlene, are favoured because of their 

such as toluene o y
rnv transfer. 1, 4-Dioxane is employed 

efficiency in ene .
- water are involved; naphthalene is

when large amounts o
the energy transfer process and

often added to improve
. s incorporation of aqueous sample 

reduce quenching. Someti -
based system is possible by adding

solutions into a triton X-100. Glycol ethers
. .fant such asa non-ionic surfacta . . .secondary solvents to improve

i _ 3iso used
and alcohols ar allow counting at low

... . and towater miscibilr^y'
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temperatures.
Two kinds of scintillators are commonly used in liquid 

scintillation counting techniques; the primary 
scintillators and secondary scintillators. A typical 
characteristic of a scintillator is its ability to absorb 
light at one wavelength and remit it at longer wavelength. 
Most scintillation spectrometers are sensitive to the 
fluorescent emission of primary scintillators. However, if 

an older model is used it may be necessary to add a 
secondary scintillator. Secondary scintillators absorb the 
light emitted by the primary scintillators and emits it at 
a yet higher wavelength. When used a secondary scintillator 
is added to the extent of one tenth or less of the primary

scintillator.
The most popular primary scintillator is 2,5-diphenyl

oxazole (PPO), and the most widely used secondary
o 9 t_p—phenylene—bis (5—Phenyloxazole),scintillators are 2,2 V rne y

. , P-Phenylene-bis (4-Methyl-5-Phenyloxazole),POPOP, and 2,2
the primary scintillator, the dimethyl-POPOP. For the p

„  * ^mission maximum lies in the range from 360 -fluorescent emiss
_ fnr POPOP lies around 410 - 420nm. If a 365nm whereas that iox

.Jnvide is being measured, the radioactive carbon dioxide
. .it- ion should contain a trapping agent, 1 -

scintillator solut
rPhenythylamine) called cocktail.

amino-2 -phenylethene
interfere with the transfer of

Chemical impurities may
solute to produce chemical

energy from solvent
, t]ie light emitted from the

quenching; or they produce colour quenching.
solution molecules
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Chemiluminescence will give yet a third change in the 
spectrum. Colour quenching can be reduced or eliminated by 
digestion with hydrogen peroxide, perchloric acid or 
elution through activated charcoal. However, for 3H and 14C 
complete combustion of the samples to water and soluble 

carbonates produce a simple counting method.

3.2.5 Counting Interferences 

Procedures.

and Correction

A number of counting interferences have been known to 
plague liquid scintillation counting users since the 
introduction of the technique. The quenching effect which 
is caused by several factors is one of the inherent 
problems in liquid scintillator process. The counting 
efficiency of the solvent solute system can be affected by 
many different types of quenching factors which may reduce 
detection efficiency. This may briefly be described as:

(1, Photon quenching which is complete transfer of 
beta particle energy to solvent molecules.

(2) chemical quenching, sometimes called impurity 
quenching which causes energy loss in the

transfer from solvent to solute and
1nlir quenching which is the attenuation of

(3) The colour
„ -in the solution, light photons m
these quenching problems the energy

7\  o  a  ^ ,he radionuclide appear to shift
spectrum detected from Figure 2.2). From the change m
towards the lower energy

47



energy distribution, it appears that the counting 
efficiency is dependent on the degree of quenching and thus 
on the nature of the sample; the scintillator used and the 
preparation method. It is therefore essential to monitor 
the counting efficiency in each sample for comparison with 
standards on other samples to be meaningful. In modern 
automatic scintillation counters, the counting efficiency 
is determined for each sample and the detected counts are 
converted to disintegrations to correct for the quenching 

effect.

dN
dE

energy

Figure 2.2 Shift Of energy due to quenching

—i, however, the quenching level has been

one of the so called efficient and 
(Packard, 1985), Spectral index of
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samples, SIS, to derive the quenching index. By doing so, 
a quenching curve (Calibration curve) has been prepared 
taking the SIS values of ten standards obtained from 
Canberra Company. These standards contains equal 
radioactivity of 130600 dpm but different quantity of 
quenching material. The SIS values for these standards 
which are given as a readout from the liquid scintillation 
counter, were then plotted against the percentage 
efficiency (Figure 2.3) as calculated using equation 3. 
From the calibration curve then, it has been possible to 
determine the percentage efficiencies for all the samples 
and hence the dpm values. All the data in this work have 
been reported in terms of ppm values and not dpm values for 
practical purposes. The conversion was made considering the 
dilution proportion of the hot and cold standards as well 
as the weight of the pesticide containing material (see 
appendix I). All values obtained in this way were converted 
to the corresponding equivalents of plant and soil samples

in ftg/g.
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3.2.6 The Biological Material Oxidizer

In the analysis of various samples known or suspected 
to contain residue of radioactive pesticides, it is not an 
usual to find that some of the radioactive material cannot 
be recovered via solvent extraction. These un-extractable 
residues may represent radioactive material bound on soil 
matrix or by biological tissues or in the later cases 
synthetic incorporation of radio-labelled fragments in the 
structure of natural products . When exhaustive extraction
procedures fail to recover such bound materials the

.. -=, n be used to determine thecombustion method can oe
concentration of the radio-labelled pesticides. Apart from

this when further analyses of the extract is found
undesirable, combustion of samples containing radioactive
pesticides using combustion devices is one of the methods

■ „ radioactivity of samples,used to determine the raoio
• „ „re designed to prepare biologicalSuch devices are u y
• miation counting. The substance to be samples for scintillati

, in heat resistant boat and combusted in
combusted is place

. , thP device at a very high temperature 
closed system inside

ll the organic material in the sample.
that can combust a

also catalysed by a catalyst bed.
The oxidation process

, f the combustion process, the gaseous product
The exhaust of tne .through a trapping reagent(Figure
is then made to pass .... .f the “C02 that is liberated using
2.3). Through counting ° . . .

counter, quantitative information
liquid scintiHat obtained. All biological
about the residues cou
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materials contain carbon and hydrogen in any number of 
variety of forms; although many forms of the halogens, 
sulphur and nitrogen might also occur. After combustion, 
metals, salts and materials with a very, high melting point 
remain in the boat as ashes. The combustion side which 
initiates the oxidation of organic material converts the 

samples to a gaseous state.

TO
atmosphere

Oxygen or 
Nitrogen

1

Figure 2.4 The Biological material oxidizer

.600 biological material oxidizer was the 
The model ox ent WOrk. This device combusts

ne used throughout t ^ materials (wet and/or dry)
• i and most oryny biological qO0°C. The combusted products

* oxygen gas atn a stream or ° ^  o catalyst at 680°C and
. through a series of Y

re then passed . n which contains thed external P
tie 14C02 is trapPe illustrated in figure

. rphe procedure
rapping solution.
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2.4. The trapping solution is then taken for licjuid 

scintillation counting.

3.3 EXPERIMENTAL METHODS
3.3.1 Selection and Preparation of the Experimental

Sites.
Twenty pipes were laid for the study 

,at one site, anticipating the sampling would be done 
biweekly, harvesting three replicates at a time and the 
plants would take three months to grow mature. Two sites 
were considered; one in the coastal region, Mombasa and 
another in a highland region, Nairobi. These were on a farm 
located at Mtwapa (altitude 21 m,, Kilifi District and

Chiromo 
Mombasa 
removed. 

10.4 cm)

campus, University of Nairobi, respectively. The 
plot was 6 by 6 m. It was dug, all weeds and stones 
Twenty P.V.C. cylinders (length: 20 cm ,diameter 
were driven into the soil. Any possibility of the
, • „ washed away by a running water had beenpesticide being wasnea

taken car. .< W  !•*«»» 3 “  1>it*
the gtonnl. “ *nty "OW“V,t'

the field for some reasons of
were not buried in . . . .

iron! in an open air site inside the hnt were kept xu rinconveniences bu .
. ^  Some of the practical problems 

department of Chemis
.robi case were unavailability of 

that limited the ^  of the pre.

appropriate farm several conditions have been
ortheies»t

supposed area. Nev conditions. One of the
adapted to assume beneath the pipes has
assumptions is that
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negligible contribution in the process of uptake of the 
pesticide because, practically, p,p/-DDT is not expected to 
leach down more than 15 cm from the top and the pipes are 
20 cm long. In fact, the soil layer of 1 to 2 cm from the 
bottom of the pipes has always been removed to avoid 
unnecessary dilution of the residue. However, to avoid 
inhibition of extended growth of the roots beneath the 
pipes, some soil layer of approximately 3 cm has been made 
to bed the pipes covering the bottom part of the pipes.

3.3.2 preparation and Application of The p,p'-DDT

Solution

0.5g of the 98% pure non-labelled p,p'-DDT (cold 

standard) was placed in a 500 ml volumetric flask. Then 515
ml of toluene solution containing 150 pi of »C-p,p*-DDT was

a. The flask was then toppedadded into the volumetric flask. Tn
. Hiorouahly shaken. One week after the with n-Hexane and thorougniy

pipes were sunk 1 0 ml of the solution was applied into each
pipe. 10ml of the solution contains 3.0 pCi of >«C-p,p-DDT

, . standard. Finally, the cowpeas seeds
and lOmg of the co

, , after the solvent had evaporated
were berried the same day a

from the soil*

. Handling the Plants and Soil Samples
3.3.3 Sampling and H ,and plants sampling was done

e<«r hotli the f the soil harvesting was done also
biweekly but in ca determination of

aDPlicatlon f immediately aft©! *
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initial concentration. The Nairobi plant samples were 
harvested by removing them from their respective pipes. The 
adhering soil mostly on the roots was then removed by 
washing the plant thoroughly with water and methanol. Then 
they were dried in an oven at 50°C. The respective soils 
were also labelled and air dried and preserved for residue

analysis.
For the Mombasa plants, however, the removal of the 

plant samples was not done immediately after harvesting but 
after they reached the laboratory. This helped the plants 
stay fresh and be easily separated from the soil. 
Evidently, the same procedure was followed to prepare them 
for further analysis. The dried plant samples were then
preserved for further analysis in a refrigerator at -20-c

3.3.4 Treatment of Plant Samples

, v eamnles were crashed by mixing with The dried plant samples wer
, ncj anhydrous MgS04. The aim of the 

acid washed sand
„ mainlv to aid the crashing process and addition of sand was main y
, anv moisture that hinders the process 

the MgSO„ to absorb a y
ihP size of the plant samples 

of crashing. Depending on the
nc|ad. Table 2.1 shows the record of

varied amounts were qnb-samples were weighed for the
amounts added. Four f .

, the total residue and the rest of the
determination o ^  ^  ^  thimbles and extracted with
crushed samples wer P  ̂ ^  ^  70„c using heating mantles 

150 ml of distiHed extractable residues/1o cycles). ah
for about 2 1/2 h°urS (
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were then determined by counting 1 ml of the aliquot of the 
extract after decolorising the green pigment with activated 
charcoal. The counts obtained in this way were multiplied 
by the total volume of the extract to determine the 

radioactivity of the extractable residue.

. qand and anhydrous MgS04 mixed withTable 2.1 Amounts of sana

after being air dried in the 
The soil samples' d with pestle and mortar

HaV/ were g
Joratory for one o y haking inside a plastic bag

riiX®̂  by ^
i then thoroughly repiicates from each soil

Three 50g f
: about 20 minutes- pre_extracted 18.5 cm

:e placed in « * * * -
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diameter filter paper. Pre-extraction of the filter paper 
was done using methanol to remove any substances that can 
possibly interfere with the further analysis of the 
extracts. The soil samples were then soxhlet 

extracted for 2 1 / 2  hours ( 1 0 cycles) with 150 ml distilled 

methanol at 70°C using heating mantles. The extractable 
residues was then determined by counting 1 ml of aliquot of 
the extract after decolorising using activated charcoal 
This was done before and after the pre-concentration of the 
extract. The pre-concentration was done using a rotary 
evaporator at 60 °C to a volume of 10 ml. The counts 
obtained in this way were multiplied by the total volume of 
the extract before and after pre-concentration. Finally an 
average of the two reading was taken as a mean value of the 

radioactive reading.

3.3.6 Determination of The Total and Bound Residue

The extracted plant and soil samples were dried in the 
hood and then thoroughly mixed again. Replicate of 1.0 to 
1.5g for the plants and exactly, 1.5g for soil samples were 
weighed. To the soil samples a piece of filter paper 
(cellulose,, approximately 30 mg in weight was added. The 
samples were then taken to the biological material oxidizer
OX-600 machine and combusted at 900«C in a stream of
n ,.uflrated as an exhaust was trapped in 7.5Oxygen. The C0 2 libeiatea
, 14 cocktail by the method describedm* of the harvey carbon 1 «

, , taken for counting with liquid
section 2 .4 . 2  an
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scintillation counter.

The determination of total residue for both the 
soil and plant samples was done in two ways. Directly, by 
combustion of the un extracted samples and indirectly from 
the sum of the bound and extractable residue. The former 
case was done by combustion of four sub-samples of un 

extracted sample and the later by an indirect method as 
discussed in the previous section. In all cases the sum of 
the extractable and bound residue has been found to be less 
than the amount obtained by direct combustion means. This 
is attributed to the loss of some counts during the process 
of extraction, concentration and decolorization. All the 
values of total residues indicated in the tables through 
out this thesis are the later ones.

3.3.7 Preparation of the liquid scintillation Cocktail

The liquid scintillation cocktail was prepared by 
dissolving 4g of PPO and 0.25g of dimethyl POPOP in one 
litre of Toluene. 1 ml aliguot of the pesticide containing 
nethanol extract was placed in a 10 ml scintillation vial 
>nd 5 ml of the scintillation cocktail added. The remaining
extract solution was reduced to 1 0 ml using a rotary

i mi of the concentrated extract was vaporator. Again 1 mi
■ „infillation analysis. The remaining 9 mlaken for liquid scintu
 ̂ VPDt aside in vials for furtherf the extract was Kep

’alysis.
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3-3.8 Chemicals, Materials and apparatus used.
3 ' 3 - 8 . 1  Chemicals and Materials

A mixture of (98% pure by T.L.C) hot and cold p/P'-DDT 
standards, namely uniformly labelled 14 C-p,p'-DDT [1,1'- 
(2 , 2 , 2-trichloro ethylidene) bis(4-Chloro 
benzene)j;specific activity 12mCi/m.mole and non-radio- 
labelled p,p'-DDT, respectively, which were purchased from 
International Isotope, Munchen, Germany were used to 
contaminate the soils. Analytical grade toluene from 
J -T.Baker Inc. U.S.A was used to dissolve the hot standard. 
General purpose grade methanol, n-Hexane,toluene, acetone 
obtained from Zeta suppliers in Nairobi were used for 
soxhlet extraction and other analytical works after 
distilling them using fractionating column.

Activated charcoal and anhydrous MgS04 from suppliers 
In Nairobi and Eastman Kodak Co. U.S.A., respectively, were 
Used as decolorising and drying agents .Crystalline 2,5- 
Diphenyl Oxazole (PPO) from fisher chemical Co. U.S.A. and 
2/2'-Phenyl bis (4-methyl-5-phenyl Oxazole),Dimethyl POPOP, 
from Eastman Kodak Co. U.S.A. were used in liquid 
scintillation spectrometry. Carbon 14 trapping cocktail 
from r .j . Harvey Instrument Co. U.S.A. was used as the 
trapping reagent and scintillators in the determination of 
bound and total residues by combustion method. Oxygen and 
white spot nitrogen from East African Oxygen limited were

nnrcring agents, respectively, during Used as combustion and purgmy y y
+-U . of plants and soil samples,the process of combustion or p p .
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Watman 91 filter papers from Watman International limited 
were used to contain the samples in soxhlet extraction.

3.3.8.2 Apparatus
r rotary evaporators and separatory Soxhlet apparatus, rorary
, Hlir1na the process of soxhlet extraction funnels were used during

ntration of methanol extracts. The liquidand pre-concentrati
, . „aa carried out using Tricarb 1000scintillation analys

lu7pr from Packard-Canberra 
TR liquid scintillation analyzer . n ,

nlM were combusted using a biologicalCo. .Bound residue sample
„ , narvevs Instrument Corp.

. • , oxidizer from R.J- Ha ymaterial oxidize

"■S '*p 'vc cylinders - r .  —  »
. ^  s mortar and pe.il. •!<«environment. A tj „  of plant and

„ used for crashing and homogenrsati
„ „ a  wore used ^  c e c i t y  ~r. to

_. claqq vials ois o n  samples. ^  Adjustable micro-
contain the samples fillers were used

• tips and pipette
pipettes, P1PC the radio-labelled

„ transfer and pipette
accordingly ,ed glassware including
chemicals into co. k fractionating

. distillation flask
volumetric flasks, ^  ^  wgg used to regulate
column were used accordingly- n tles to heat the

and heating
the elevated temperature < process. Deep

r in the soxhlet extract!
extracting solvent l used tQ keep soil

i Refrigerator were als
freezer and 9 n°Co°C and zv ^
samples at temperatures
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CHAPTER FOUR

4.0 RESULT AND DISCUSSION
4.1 The Study on Plant Uptake of 14C-P, P'-DDT by Cowpeas

In this experiment, the following main factors 
were considered important enough to form basis for the 

discussion of the results.
(a) The variation of the plant uptake with the age of 

the plant.
(b) The variation of the plant p,p'-DDT uptake with 

the amount of p,p'-DDT residue remaining in the

soil pipes.
(c) The variation of plant p,p'-DDT uptake with 

respect to the soil type and texture of the soils 
from t„o different sites. This was mainly with 
reference to their composition in terms of 
organic carbon content, water content and pH. 
The two types of soils were from Mombasa, Mtwapa,

Coast province and Nairobi, chiromo campus.
the plant p,p'-DDT uptake with

fd) The variation o
ct to climatic conditions such as

respect lu . .
, of rainfall and humiditytemperature, amount of
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4.1.1 p,p' DDT Uptake in Relation to and The Age of 
Cowpeas Plants

The results obtained from the follow up of the growth 
°f the cowpeas, on harvesting of samples biweekly, have 

demonstrated that substantial amounts of p,p'-DDT is 
likely to be absorbed and translocated into plants grown 
in soils containing p,p'-DDT residues. This probably is not 
°nly as a result of absorption and translocation processes 
but also due to any kind of adsorption of the pesticide 
that might occur on the plants (especially the roots) 
internally and externally. Moreover, the results have 
produced a strong evidence that the amount of p,p'-DDT 
taken up by the plants with time increases with plant 

maturity (Tables 3.1 and 3.2), regardless of the soil type, 
climatic and other growing conditions. Furthermore, the 
analyses of the bound and extractable residues, in the 
p 1 £jts, has also been done and the results showed that the 
Percentage of bound residue increases with increase in the 
age of the plants, i.e. the older plants were found to 
retain greater percentage of the residues as non­

extractable.
According to the graphs (Figures 3.1 and 3.2 ) the

increase in the uptake of P,P '-DDT by the plants tends to
, , . u.,4- within certain time durationbe step wise, suggesting that witnin

_ Hnwpver, in all cases the uptake remained the sarn .
4- i i ̂  \ f-Kpre was a sharp increase (total, bound, and extractable) there w

. n ir davs Of age. Though no more data
between 60 and 7_> Y ^

, an davs the uptake of P/P'“ 
Joints were collected beyond Y
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DDT by cowpeas tends to level off after 75 days. In fact 
at the age of 75 days, the plants gave signs of bud

formation.
I„ th. case of-Nairobi plants t M  patt.rn i. sl.llar

to that of Mombasa plants •*»!* “  “0t “
 ̂ nhqprved from Mombasa (Table 3.2). drastic as that observea

_ . , 4-he soil go into solution in thePesticides applied to the son g
. mav be absorbed by plant roots, emergxng 

soil water and may o
j under ground stems and by shoots that are under ground, under g

• . • <teeds A working knowledge of generalgerminating seeds.

, nf DDT residue equivalents recovered 
Table 3.1= Amounts of DDT

from dried Mombasa plants

is necessary in order
anatomy and physi°lo9y ^  ^  o£ pesticides

, the entry, movemen theunderstand the imary organs
r roots are ppstioides

tlo„ of »»«=•»“  “ “



uptake from the soil also occurs primarily through the 
roots. Specifically, the root hairs play the most important 
part in the absorption of substances from the soil and 
substances migrate into the apparent free space of roots by 
mass flow. Therefore, the increase in the amount of total

-in t he acre of the plant is expected residue with increase in the age
. T .4 1-, time» at least because ofas the plants grow biggei wit

• ^nmle contact time of the plantsthe effect of increased ampl
• the n,p'-DDT. That is, thewith the soil containing

n , nrow the more likely they would larger the plants g
, nDT residue in their tissues, 

accumulate p,P "DDT

. nf ppT residue equivalents
Table 3.2: Amounts of

recovered from dried Nairobi plants.

Day of 
sampling

15

30

45

6 0

75

90

Total

(i.g/g)

Extractable

(pg/g)

1.136 ± 0.030 1.034 ± 0.011

1.924 ± 0.017 1 728 - 0.016

2.298 ± 0.007 2.038 ± 0.010

2.254 ± 0.011 V—» 
1

kO 
1 

CT\ >—1 
1 

1+ o

l
i

3.098 ± 0.010
2.632 ± 0.012

3.239 ± 0.007
2.741 1 0.014

Bound

(ng/g)

0.080 ± 0.002

0.160 ± 0.002

0.214 t 0.003 

0.252 ± 0.003
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DDT residue levels in Nairobi plan
Variation of p.P
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Table 3.3 Percentages of bound and extractable residues for
Mombasa and Nairobi plants

Day of % Extractable % Bound
Sampling

Mba. Nbi. Mba. Nbi.

15 85 91.0 9.0 7.0

30 83.5 89.5 11.7 8.3

45 83.1 88.7 14.0 9.3

6 0 81.0 87.0 15.6 11.2

75
79.0 85.0 17.2 12.0

90 78.7 84.6 17.9 12.7

Table 3.4 Percentages of bound and extractable 

residues for Mombasa and Nairobi Soils
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This fact was manifested in the plants of 15 to 30 days of 
age grown at both sites (Tables 3.1 and 3.2). That is, 
these plants which were observed to have similar sxse were 
also found to have accumulated close amounts of t e

the decrease in the percentage of the
pesticide. However,

■Hue or in other words the increase xn the
extractable residue o

f of the bound residue with increase xn the age
erCe" 356 ld be attributed to the increase xn thethe plants could b ^  ^  ^  ^  ^  That

complexity of the p a more chance to
iHpt the residues y

is, when they grow o ' t because of the
n f the plants at least o

bind in the txssue . ordinary chemical
This is as expected

contact time. important role.
rvt- act time plaYsreaction where e degree of the
1anfg qrow older

Moreover, as the ^ taken up wouldu npsticides already
metabolism of the hound to have many

1  ants are u
increase because larger •lability o f photosynthetic
leaves and hence incr residue which has

reason the P / P  other
sites. For this r t be metabolized inr
reached the leaves xs biological structure of the
i™ ,  becoming P » «  °f xtMOt. on the h" d'
W a n t  matin, *« ’ sites
the that Ponnd »' t„. „.,ticid. iollo»

« i , U „  map .no. ^  inCOt‘" ”
the same "  .ion, *  P « '

the compound mentioning her
indicates that thin9 wor -»-hPaltered. One Gained for the
chain possibly un bound residue ° ^  the
is that the percentage the percentag

xPr tnai1
Plants is even 9rea
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corresponding soil samples (Tables 3.3 and 3.4). This is 
probably because of the difference in the degree of binding 
and ease of extraction of the samples. Using similar

„ ,he basis of contact time, the trend for theargument on the oasib ^
4-n he opposite of that for the

bound residue is expec 

extractable.

4.1.2 variation of Plant Uptake with Growth Rate

The weather condition of Mon*asa has been found
as a result the plant grew much
* „  ro„P« . d  »  — 1

faster and ' , h„ v . « . d  from * » * » •
Ptaats. Cons.,».n^y. ^  ^  ,pp„ r.d a
were bulky and hea samples at every

in the size or rne
significant increase accumulation

s » p l i » , t i . a  w

Of in ln ^  -
similarly, the p ^  Mombasa plants, their

not ,„o» vidotou. on the ,ro»th
uptake of p,p'-DDT a S the corresponding data. However^
rate like Mombasa plan ' ^  mogt cases, greater than
for the Mombasa plants tj,e growth rate of

aS a resuiw
that for Nairobi plants- important factors

4- to be one of
the plants turns °u
+-u  ̂ . j -I-he results. +-hat the higherthat affected the demonstrated that

iirs (Tabl® 3- ~ the plantsThese results fche tendency °f
the rate of growth the 9re gradients of the

r D p '-DDT. From thS to the uptake of P,P
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Table 3.5 Weight of plants sample collected from Mombasa 
and Nairobi

Age of the Wt. of Mombasa Wt. of Nairobi
plant(days) plants (g) plants (g)

1 15 4.28 3.83

30 24.49 9.44

45 48.24 17.77

60 57.71 18.12

1 75 96.66 28.50

90 98.20 30.03

graphs, it can easily be observed that there was an 
appreciable difference in the growth late. Even among the 
plants of the same site there always was high uptake for 
high growth rate. The best example is the trend of residue 
accumulation observed for the plants aged more than 75 
days.in both sites the residue levels tended to level off 
after 75 days where there was no much difference in the

size of the plant samples.
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Time (days)

3.3

0 Mombasa Plants 
♦ Nairobi Plants

Variation of weights of plant samples collected from NBI & MBA
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4 . 1 . 3 Dependence O f  Plant Uptake on Soil Residues

„ of fact, the pesticide applied into theAs a matter ol fact,
. , t be all taken up by the plants,

pipe's cannot be expec e
„ f it is likely to remain in the soil

In fact, most of denatured by theaffected or at times denaturea y

b“ «  For ua. r „ s »  th. —  o, P.P-
environmental fa been analyzed in

• na in the pipes has ais
DDT WhiCh . extractable and non-extractable residue
the form of total, t results (Tables

rhp respective pipes.
as recovered from forms of residues

i -h the
3‘7 alld 3‘8) ShOW6d tQ the dissipation process that
decrease with time due^ ^  soils. This is again

commonly affeC^s P'P
with earlier reports _ in thisconsistent wit _ section 4.1-3'

•4- was explained 111 • Hne increasedAs it was r p,,DDT residue m
experiment, the plant uptake ^  ̂  concentration of the

with time despite the ^  ̂  ^  decrease in the
. -| This impf1 t effectresidue in the soil- t„e soils has no

concentration of the residue in ^  of p,P'-00T.

or lias „  t M t «  con~ntr.tro„ ot
. geems obvi° ,fficiently high

In other words it still suf
. „ m  the soil to 90 days.

P.p.-DDT remarnrii ^  ^  pl„n„  ^  of th.
during the life sp lant the conce
Dorinq the lif® sPan ^  ’

s o U  L i , » e
, „  „ d  8 - » 8 , ,e,idu.s W

PPm f°r MO that the plant UptaRe ractically the same. 
which implies cites is P

for the two si
at these ranpeS
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On the other hand, according to the experiment carried
out for one sample which has been analyzed for the
determination of p,P'-DDT residue in different parts of the

d t ems and the roots, theplant, namely the leaves,
. e residues obtained from the entire amount the three forms of

plants were as tabulated in table
r„ „  th. comparison the data (Table 3.6). th.

o, p. P' "OPT in different part, of the pUa. ~
, , stem < leaves < roots. According

found to be in the order, . p i-hp residue seems ro
to this limited data, the majoii y
, f . . the roots which actually have accumulated
be found in the 10 This, of the two parts (leaves and stems,. This

f°ld °f elt,Sr , to the fact that the degree of exposure
could be attribute ^  higher than the
_ 4 4- n the pesticide 1  jof the roots direct contact of the

leaves and the stems because of 

roots

•Hue equivalents recoveredf DDT residue eyu
Table 3.6: Amount o t sample

from different parts

Part of Tof al E x t r a c

the Plant
( c g / g ) _ j ] i g / g l

3 . n 5 t  
0. 74Leaves 3 . 4 2 0  ±

0 . 0 1 2

Stems 3.273 ± 
0.007

2.880 ±

Roots 1 9.558 
+
0.007____

16.820
±
0.098

0.170 ± 
^ 0 0 8
0.262 ±

"iTl^ ±
0.009 11
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with the soil as expected. Although the roots were washed 
thoroughly with distilled warm water and even rinsed with

1 vses it seems obvious that apart from methanol before analy r
„  , of residue that finds its way into the plantthe amount or Lesru

, imilar biological process that apply to tissues through simila
some residues could still have

the leaves and stems,
- nt-s unremoved. Therefore, the relative y

remained on the ro t h
.. . , of residues obtained from the roots
hrgh amount of which include p,p'-
come from the food -dBO*P 101 experimental and
DDT residue in the roo and roots were the

jiHon f°r leaver, treatment conditi

Sa"’e - , ^ ahle residue for the parts of
The percentage order leaves

, „ been found to decrease m
the plants has bee - efficiency of extraction
> stems > roots, he consistent with what-Her. This is consi
decreases in the sam thesis- Bound p,p'-DDT„ ,-he photosynthesis.
is expected due ° through photosynthesis

. incorp°raueu
residue in leaves sS takes place in the, the same processx- deques and tn , e in theinto plant tissue nQt take place

y_r photosynthesis leaves thanstem. However, P are higher m  f
roots. Since extractable amou ^  ^  incorporation of

• c that there wou than roots,roots it impli® leaves and steins
P.p.-PPT into the tisane. » ^  ^  ,t,ov. ^

their fine r t arowth andCowpeas develop 1 in the plant g
. difference lieS

parts and the
• the leaves andphysiology- d yeast injdue was found there 1S

The bound r - i s  expectedThis isthe roots.highest in
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1 nf the tissues as we go downincrease in the complex y
, , the roots. Depending on the ease offrom leaves to tne

. . the plant, the efficiency of
crashing of the three parts o

Iso vary because the leaves which were 
extraction may also Y .

ovnected to be extracted most 
crashed most finely are expect

f the surface area, the dried roots
effectively because o , to the

, hard to crash which could lead to the
were found relatively 
retention of more bound residue.

. and Nairobi soils., nf „ p'-DDT in Mombasa an
4.1.4 Halflife °f P'P

■ oH in section 4.1-3, thebeen explained
As it has bee „ „  also monitored for

j. / _DDT in the SOXdissipation of P'" rp being sampled.
f time the plants were d

the same duration o sampling of
•-weekly along with n

The sampling was done i ^ samples, zero
' n the case ox

the plants except that r determination of
tor the purpose oi

time sampling was done  ̂^  show the record
initial concentration. T ^  analyses of three forms of

of results obtained f ^  haxflife of p,P'"DDT f°r
pvnm these resul s . , bv means ofresidues. Fioi were determined y

.. , = and Nairobi soil we total p,P'~the Mombasa an analysis of the
, . . oivsis. Tlie kinS treatment (t),kinetic analysis- after trecl

, r  \ versus Mombasa and
DDT equivalents ' done for the

first order process was obtained for
assuming a firs (K)/ wer. , The rate constants ( lines of
Nairobi soils* tlie regreS

, 4-he slopeS ° . versusthe two sites from ' ,_ddT remaining
1n C,  of the P/P Mombasa

natural logarithm, lues obtaine
day after treatment ( >•
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aild Nairobi are 

The time for 50
5.789 x 
% loss

10- and 6.465 x 10- respectively, 
was calculated using the equation

, _ Lnl _ 0.693
1/2 K ' ~K~ ....... e<3” C 3)

p1 Q ■w. ,
a period of three months a halflife of 119.7 days and

*2 days were obtained for the Mombasa and Nairobi soils, 
resPectively.

4 1 c Variation of Plant p,p'-DDT Uptake with Soil 
Composition

rlhe Nairobi soil which lias been found to have higher 

029anic carbon content than the Mombasa soil (Table 3.9) 

9nve lower degree of uptake of p,p'-DDT by the plants. This 
°fc>servati on seems compatible with what was reported by 
(Liechtenstein, 1958), about the phytotoxicity of lindane. 
According to the report organic rich soils were found to 
cause the least effect and it was directly related to the 
°r9anic matter content of the soils. Moreover, in another 
study by the same people, it was suggested that pesticides 

dissolved in muck soil (organic rich soil) are likely to be 
less available for metabolism or pick up by plants, 
therefore,this observation could suggest that the presence 

high organic carbon content in the Naizobi soil may have 

C r e a s e d  the availability of pready for the uptake

’V t),e plants.

This fact has also been manifested in the
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difference observed in terms n f  t-hQterms of the amount of extractable
So^i residue which has been found to be higher in the case 
of Nairobi soils. These observations may lead us to the 
generalization that soils with higher organic carbon 
'■tent aie likely to retain most of p,p'-DDT residue in 

them which is consistent with what has been reported

3 * 7 • Amounts of DDT residue equivalents recovered from
Mombasa soil samples.

Day of Total 

| sampling | (|ig/g)
1 Extractable

(iig/g)

/ Bound |

I (cg/g) I

0 6.064 ± 0.007 5.731 + 0.085 1 0.285 ± 0.011 1

I
T

l 
^ 5.862 ± 0.014 5.394 ± 0.184 0.434 ± 0.004 I

II 30 5.044 ± 0.016 4.621 ± 0.122 1 0.391 ± 0.012 1

45 1 5.033 ± 0.011 4.549 ± 0.183 1 0.484 ± 0.012 II

60 I 4.217 ± 0.009 3.781 ±0.137 10.404 ± 0.012 1

75 I 3.836 ± 0.007 13.417 ± 0.092 10.391 ± 0.012

90 1 3.217 ± 0.004 2.867 ± 0.180 10.332 t 0.011 II
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f nnT residue equivalents recovered Table 3.8: Amounts of DD1 resra
from Nairobi soil samples.

0

15

30

45

60

75

90

8.928 ± 0.029

7.278 ± 0•015 

5.664 ± 0.015 

5.760 ± 0.031 

5.392 ± 0.020 

4.510 ± 0.013 

4.281 ± 0.029

5.110 ± 0.126

4.756 ± 0.146 

3.960 ± 0.124

O 750 ± 0.088

0.501 ± 0.011

0.547 ± 0.011 

0.588 ± 0.011 

0.500 ± 0.008

0.491 ± 0.007

^ ----- . the higher
t I958' Tearlier by Liechtenstein - ^  gfeater the trapping

the soil organic carbon This tendency of
power of DDT by the soil par unavailable for

rich soil maKeS Porganic carbon 

uptake by plants.
. sou  compositi°n 

aIld Nairobi son
Table 3.9: Mombasa c U.O.N )

1 departmen <
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, nnich known about the mechanism by which There is not muon kii
, acti cide. However, the mechanism of 

plants take up the p-
, act ion by which p,P'-DDT degrades to its the chain of reactio Y „„„ of acidification and

metabolites involves the pro
iqgoi This can give us a 

dehydro chlorination (Hassan, the
„ Hl,t the difference m  the p 

clue to sugges" nDaqates will have
, • . this reaction propagates

■*di"" in o< «  — •
significant effec >■« , .xhibiti»g « « « « ' “ * in
there is also the possi  ̂  ̂ lants to uptake of

f different sPeCieSthe affinity of  ̂ ^  foJ. some plants may prefer
various metabolites ° P furthermore,

lar metabolite of P,P -DDT‘
to take a particu affinity of

„take is related to ti
if by any chance, the up _ difference in the

• -i m©tabol i te r
Plants to take partxcit- lants in the two

- n D '-DDT by the P 
degree of uptake o' ' ^  attributed to the difference
different soils could also be .ficant difference rn

possibly cause sij the
in pn which coul P metabolites.

.c of the vai'i° should notthe abundance .̂jie plants
, accumulated 1 ug of un-

residues found from the up
npeted to have come radioactive

necessarily be exp detection of
d ,_ddT for the dete radioactive

metabolized P'P smnlY means
, nlant tissues simply the plant

carbon in t,ie P round its wa  ̂ . ,„ mriain has found slight, nDT orr9x rnro, cnt=
Carb0,1°f P 'P (Hutson, 1985) ' Theref° sitesm a y be
tissues some how soil of the tW° in the
difference in the P« of the diff«~nc

p o£ the factors
considered as one o

4.1.6 Effect of pH on Plant Uptake of p,p'-DDT
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Plant uptake.

^•1.7 Effect of Climatic Conditions on Plant Uptake of
P , p ' - DDT

climatic conditions like rainfall and humidity 
father an indirect effect on the rate of uptake of 

P'P -DDT by plant. For instance, 
rainfali

have

Pes ticic]e

the presence of high 
can enhance the process of leaching of the 
in tiie soil pipes and hence decrease the 

Vailability of pesticide residue near the roots of the 
Plant. This leads to tiie decrease in the likelihood of the 
JPtake of tiie pesticide by tiie plants. On the other hand 

3 humid atmosphere has been found to favour the growth of 
c°wpeas in tiie present work. This effect may also lead to 
tllG accelerated rate of uptake of the pesticide by the 
Plants, according to wiiat iias been found from the analysis 
°f effect of growth rate on plant uptake. Moreover, high 
atmospheric humidity can also influence the volatility of 
the pesticide by influencing the soil water content (Igue

Gt al., i97j j.
In this experiment, there was considerable difference 

in cll,natic conditions for the two sites (Tables 3.10 and 
3‘1n .  Overall, since the coastal region (Mombasa) has 

favoured not only the rapid growth of plants,but
Gnhanced p,p'-DDT uptake; to be

cnopifir, it seems more speem-w

that high humidity, less soil organic content, 
as high temperature tends to favour the P,P'-DDT

Ptake by plants.
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Table 3.10: Average climatic conditions of Mombasa,Mtwapa,

during the days 1 5 th of Jan. to 15th of Apr 1994 .

. tic condition, of Nairobi, chiro.o 
Table 3.11: Average clima f jan. to 15th of

during the dayscampus, auL J



The study on the Effect of
Residues

Temperature °n Soil

The exPeriment was conducted by taking two kinds of 
soils, one from Mombasa and the other from Nairobi (see 

section 2.4). The temperatures considered were -20°c, o°c 
room temperature (RT) of average 21°C, 40°C, 60°c, 90°c and 
I20°C. These samples were subjected at these temperatures
for five days after which they were given time to cool or

sWclrm' accordingly, to room temperature. The result 
obtained from tiie study for the three forms of residues 
namely, the total, extractable and non-extractable (bound) 
residues, in soil showed that soil residues are affected 
sTgnificantly by temperature variation. The total and 

extractable residues were found to decrease with increase 
bn temperature and the bound residues were found to 
increase with increase in temperature. Moreover, when the 
sainpies kept at temperatures above tiie room temperature 
^ere weighed after removal, losses of weight ranging from 
9.93 g to 12.84 g were recorded (Table 3.12). On the other 
hand, for the samples kept at temperatures lower than the 

r°om temperature, gain in weight ranging from 0.43g to 
C 4 9 g  were recorded. The decrease in weight was attributed 

»<ainly to loss of water content and evaporation of some 
Volatile substances from the soil. However, condensation 

water vapour could also contribute significantly to 

increase in weight at lower temperatures.
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4.2.1 Variation of Total p,p '-DDT Residue with
Temperature

Evaporation is one of the main factors that cause 
dissipation of pesticides. The decrease in the amount of 
total residues is attributed mainly to the evaporation of 
the pesticide due to high temperature and of course, the 
degree of evaporation will increase with increase in 

temperature.

Table 3.12: Amounts of mass lost and gained for soil
samples at various temperatures.( t gain, — loss)

| Temp. 1 Wt. lost Wt. lost 

Mombasa (g) Nairobi (g)

-2 0 °C I  + 1.49 ± 0.04 | + l-38 1 °*07 1

0°c J + 0 . 5 8 + 0 . 0 7  1+0.43+0.03 1

R . T .
(21°c)

i n n-3 1- 5 42 ± 0.04 II - 4 . 8 5 + 0 . 0 3

]

o o Q ~~ , nn-3 I - 9 93 i 0.04 _ 10.05 ± 0.03 | -

60°C
n n r | in 46 i 0.05 II .  1 1 . 0 2  ± 0.06 -

—

uoo
r ii i q +0.06_ 11.36 ± 0.08 - i1-1

| 12 0 °C 1 ■
1 1 ? 04 ± 0.08 II_ 12.S4 ± 0.07 J - 12•04 __ J

. regultS obtained (Tables 3.13
According to the - ^  ^  to be
, the total residue for Mombasa
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BHIVEBSITY w.- NAIROBI LI3BAET
_Tirj i +• decreased with bothmaximum at room temperatur

, decrease in temperature. This is inincrease and decrease
•.i earlier reports which revealed thatconsistence with e

■ • tropical regions is greater than temperatedissipation m  tropical j .
, , 1993) The increase in dissipatron of

regions (Lalah, > ’
• temperature accounts for

p , p '-DDT with increase
„ . regidue. However, the decrease in

decrease in the to a.. , ?n°C is attributed to the . , ni- o°C and -zu o
the totai residue ^  indirectly affects the
increase in the watei be taken for the
weight of soil samples

r concentration.
determination oj. , , dissipation

. observation suggests that
This experimental regardless of thein temperature

increases with increas becomes almost equal to
4 1 tl̂ s t o t. 3- 1 rrss ion °csoil type unti temperatures beyond 1 2 0  ,

the bound residue. ^ pXtracted (see figure
<- -i h 1 v be exu-Q

•r-ide would PoS elevatedlittle pesticide that at an eie
3 1 1 3  2) These two grap ’ ci OSe to the3.1 and 3.2). residue is cr

f 1 2 0 °C, the graph istemperature of extrapolation of
j residue and exu f bound

amount of boun tiie total ai
, - give the convergence residue. Onexpected to glVe _ f extractable

lvinq non-existenC H to be affected
residues, imPly . , were found

, the soil residu performed
the other hand, - xperiment
least at room temperat of added water

, absence and P ^ e n c  teinperature was
both in the . n versus

, trend of dissipatxo.
Overall, the trei

ding was obtained
simiiar. the maximum read idue

For the Nairobi ^  for the total re
, van*. the trend o l

0 ° C . But ti
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found the same as that of Mombasa soil. For

Nair°bl SOil which has been found to have a texture of c 
S°H, a temperature of 0°C seems suitable for retention

the
lay
of

P/P'-DDT. 

4.2.2 Variation of Extractable Residue with Temperature

'i’be trend of variation of the extractable residue for
f- i
le two types of soils is similar to that of the trend of 
atiation of the total residue. That is, the extractable 

residue decreases with increase in temperature. This is 
because of the increase in the bound residue with 
temperature as expected. In this case, the rate of chemical 

reaction towards the formation of the product increases 
witJi temperature. If P is the pesticide, p,p -DDT, and s 
4-s the soil particle then PS would be the result of the 

interaction due to adsorption of p,p'-DDT on to the soil 

Particles as shown in Equation (4) •

P + S

Pesticide Soil

PS ....Eqn (4)

Bound Pesticide

Th . , nosficide and soil would US chemical reaction between t i P „ ,,̂ -ru hi rr h»  erpeetet, to increase »«h t«P«.tnre. «  v.r, hi,,
temperatures of 120°C °r more the ertractable reel^

6’
-cinperatures of c ol

!ven less than the bound residue (Figures 3.4 and
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4- n n' -DDT residue equivalents atTable 3.13: Amounts of P,P
•__ fnmnoratures (Mombasa)

Temp. 

(°C)

■20

0

(R .T ) = 2 1

40

60

90

7.166+0,007 6.779+0.151
6.876 + 0.138 0.306 + 0.009

7.307+0.010 6.869+0.120 0.344+0.007

7 .0 2 1 1 0 - 0 1 0

6.833+0.004

6.75110.007 r 055±0.H^ 1.60810.007

A r,2 2 1 0 .O H
! 2  0

— ---- .Hue equivalents at
of p,P'-DDT rTable 3.14 Amounts ° ' {Nairobi).

various t e m p e r a t i ^ ^ ^ ^



_ M o  nraoh shows that the extractable Extrapolation of the graph
, 7pro as temperature increases beyondresidue approaches -

f extractable residue was obtained 
The maximum amount of and the Nairobi soil,, nor for the Mombasa soil and the

ossible reason that could contribute to
respectively. On P ^  extractable residue at these
the increase in the amoun content because the

• Hie amount 0 1temperatures rs . known already to
soil samples is

presence of water i' 1 et a l . ,  1 9 7 2 )'
of extraction (I9ue'

enhance ef ficiency hiaher water content
soil may have j

Therefore, the bom _ 0°C. However, this
, the Nairobi soil a

at -2 0 °C and the _ vestigation because this
observation needs f experimental conditions

. , UaVe come from the exP 
difference coui deep freezer.
lor the WPt “ ’obt,i».d W.p.r.tor..

EKtr.poWPio" or « «  w  no ,«„or.Pi. p* = « ”
„ n.c is bound to 9 as bound

higher than 1 eXpected to exis
, nnT Is n*-nre versusbecause the P-P 'D° h of temperatur

According to th® ems apparent that
residue. AC n   ̂ 5) ̂

. „ ,F W » « »  and , „ 5 id« “ nconcentration ( d found i
• due curve ai 19n°C for the

« -  t M ” 1 ,  o».r «
meet at temperatu  ̂ g0il, the eS o£ soil

. , For Nail different typ
Mombasa soi- ^  imply that <1Iflh thrt

U 0 °C - ThiS U n i t i e s  ior ^  different
have varyind , rescue

nble andboth the extractab
„itli respS. 11V WlLUespeciaHV

t 0 temperature
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4.2.3 Variation of Non-extractable 
Temperature

(bound) Residue with

As opposed to the general trend of variation of the 
total and extractable residues, the bound residue was found 
to increase with increase in temperature. The amounts of 
bound residue obtained in this experiment were always small 
tor the lower temperatures but slightly higher than 50% for 
the elevated temperatures. The percentage of extractable 
vosidue for the Noinbasa soil ranges from 94.6% to 51% and 
tor the Nairobi soil from 93.2% to 25%. Whereas the range 
of percentage of bound residues for Mombasa soil and 
Nairobi soil were 4.3% to 80.9% and 3.75% to 7.13%, 

-Respectively (Figure 3.6).
From the above observations it can be inferred that 

temperature not only has a significant effect on the 
dissipation of pesticides but also affects the degree of 
binding of the pesticide on the particles which as a result 
brings about the persistence of the pestxcide in the 
environment, particularly in the soil. Many studies have
, . • i 1 ization, chemical andshown that DDT dissipates by volatm

biological degradation and binding to soil matrices.

However, the high degree of binding of the pestici
~ the nesticides more

soil particles is likely to cans
persistent than when it is loose as extractable, 

’here fore, extrapolation of the laboratory exp 
esults to the field condition could suggest that high
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= = -,,'p likely to cause p,p'-DDT moretemperature areas are j

persistent (.. bound percent.,. >««ld be higher).

Moreover, ...-in, bh.t pl.»t »■» “ ** °"W “ *
r^ii^hle (Liechtenstein, 1958), it extractable residue available (Li

, 0  also be concluded that pl>«" 9 ™ .  i" highcould also ce . . ,
■n lake up lesser amount of pesticide 

temperature areas will
than plant grown in colder areas.

. Qf the Effect of Temperature with Soil
4.3 Variation of

Composition

4.3.1 Water Content of ,_DDT for the
. l the loss of P-P

Differences f Nairobi and Mombasa)
the two gradients of

soils (compare influence of soil type
. tell us abouthas something 3 4 and 3.5, shownf D n'-DDT. Figures 8 .

on the dissipation P' . is higher than that
_ .. for Nairobi son

that the loss gradient to the difference
„„1 H possibly ue

of Mombasa. This coul  ̂ te„t with temperature
riation o f  the wa htained from them  tlie vaiia vation obtai4 t-he observau-L

. o according to all the samplesbecause a c c u content from
r t-he loss of wate in texture,

follow up of t which is cl y
ov the Nairobi s , the Mombasa(Table 3.12). the content more than

t-ain the wate consistentwas found to reta Incidentally. this
soil which is - d y  - U .  ^  ^  1970, on

Mldy made by inSecticides from
WiUl tllS organochlorine

• ,-ion of some or j strongly affeCvolatilxzatxon volatility rs the
s which have shown it follows tha

Therefor '' . the
;o

.pr contentil water

er
L . bv theretention by
the water

i d .  *
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rate of evaporation for P^P DDI

4.3.2 Organic carbon content

in et 
of

o

 ̂ rpnnrted by Lichtents According to what was reported y
pffeot of temperature on dissipation

a 7 1QS8 on the eife at high temperatures
i. . > »-> n c O J- S v-/ i- faldrin from two yP' sandy

, ,foC the loss Of Aldrin was rapi 
higher than 26 , than for loam soil(

matter content 0. )
soil (organic g HoweVer, the result obtained
rganic matter conten • delnonstrated that the

*-]ie present woiK
for p, p ' -DDT l • increase in temperature
rate of p,P'_DDT djsSLt 53% is faster thanraanic matter content 2.53*
for clay soil/ ° J 68%. This implies

. matter content
for sandy soil? 01 ga , content does not

high organic carboi
that the presence of gnd orga„ochlorines

offeet on all pesticid
lave the same
Eor that matter. ter content and organic

, -t flie two factor .. sipation ofA look at effects on dissrp
above, and • these twonatter content)/ revealed tnaL

;due in the soils resultantn,p'-DDT residu However, the
r liave opPoS-’-te 6 . show that thefactors have r eri^ent 5

ined froin thS is faster foreffect obtainec soils rs
r p p '-ddT fr0lU . nil which hasdissipation of P'P . The Nairobi so
for Mombasa. 1 * , matter exhibited

7airobi than organic
. of both water and content.This

ligher conten *nated by w
ntal behaviour domm content which

m  environment high wate
tllat the effect °f tr outweighed

■mplJ.es tha - dissipation ha
4-ue rate ° • ncreases L
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opposite effect caused by the presence of high o r g a n i c  

matter content in the same type of soil.
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CONCLUSION

of ,ts persistence in the environment is DDT, because of its P
, limited pesticides in use. For instance one of the severely lrmite p

, p has not been any import of DDT since 1985. in Kenya, there lias nor u
f , that it persists in the environment makes

However, the fact , •

i t s « « .  -  *  — —  ;

E«.„.i.. « -  « ■  —  “  d'9”. , hirds fish, soils and waterlevel in animal, bi ,and residue le uptake of DDT by cowpeas
bodies, in the present wor ritically along

oondltlo„.
f its dissipation i“

with the fashion o ^  using a radioisotope
•>-0 t" u d v was carlThe entire Y ^  ^  gnd cold standards,

technique where a mix gg% pure p,p'-DDT,
„ J IV-D , P -P*-'1uniformly labelle  ̂ pesticide solution

j to form
respectively, were use the soil of two
which was applied to PVC piP ^  from the highland

,.wo sites chosen we the
sites. The two and the other

. _ .I chitom° F . j. Mtwapa.
region, NaH'°^ ' jcilifi distil /

Mombasa, the two
coastal region, haS shown that

ivses of soil sa P environmentalComposition analy different
different soil type lant grown m

SiteS ”aVe . • ns Consequently, and
and climatic condrti were bu

. . is mainly ^ " dy . u  which is a
Mombasa wIllC 1 , Naii-'oJj:Ln the Other hand, the nic matter
realthier. On 0f hrg>iere found to p  ̂ retain. , ,-iV soil, was fou found to
reddish clayclays—  soil and was

than the Mombasa
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ater more- In of all this, considerable differences
ifl thG rate of 9rowtil of the plants, degree of uptake of 
P/ p ' -DDT and rate of dissipation of p,p'-DDT residue were 
observed. Generally, substantial amounts of p,p'-DDT has 
been found accumulated in the tissues of the plants, a 
total residue level ranging from 0.945 ± 0.040 pg/g to 
7-765 ± 0.211 pg/g were obtained for the two weeks to 
twelve weeks old Mombasa plants, respectively. The 
oorresponding values for the Nairobi plants fell in the 
i'ange of 1.136 ± 0.003pg/g to 3.239 ± 0.007pg/g. According 
to an experiment carried out for one Mombasa plant sample 

which lias been analyzed for the residue accumulation in 
different parts of the plant namelyf the leaves, stem and 
foots, the total amount of p,p'-DDT residue in the parts of 
tlie plant were in the order stem < leaves < roots. This 
limited data showed also that the majority of the residue 
was found to be in the roots which actually accumulated 
five fold of either of the two parts. The percentage of
extractable residue for the parts was also found to

j > stein > roots. Whereas thedecrease in the order leaves > stem
k . * j loaqj- in the leaves and highest inhound residue was found leas

idle roots .
The half life of p,p'-DDT in the two sites were also 
calculated using first order kinetics. Halflife of P,P '-DDT
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Jfie extractable and non-extractable (bound) residue 
levels for all the plants and soil samples of the two sites

WSre al3° dete-™ined. The Mombasa plants gave a range of 
residue level from 0 . 8 0 0  ± 0 . 0 6 6 , , g / g  to 6 . 1 1 0  ± 0 . 0 3 8 , ,g/g 

a n d  ° - 0 8 4  -+ 0 . 0 0 1 , ,g/g to 1 . 3 9 0  ± 0 . 0 0 3 „ g / g  for the
extractable and bound residues, respectively. The 
°or res ponding values for Nairobi plant samples are 1 . 0 3 4  ± 
0'Ollfig/g to 2 . 2 4 1  ± 0 . 0 1 4 / (g/g and 0 . 0 8 0  ± 0 . 0 0 2 p g / g  to

± 0.007/ig/g.

In consistence with many studies the plant p,p'-DDT
uPtake was found to vary with organic matter content, the
higher the organic content the lower degree of uptake. The
rate of growth of the plant was also one of the factors
that effected the degree of uptake. Faster growth rate was
ioij/id to enhance the degree of uptake and as the larger the
Plants grow tiie more p,p'-DDTresidue they accumulated.

The second part of the study i.e. the effect of
temperature on dissipation of p,p'-DDT from tiie sorl

samples with respect to the
Residues was also studied sepa lately

a laboratory condition. This

1 samples at various
ult, the temperature

the variation of

total, extractable and bound 
taking two soil

samples of tiie two sites in 
was carried out by subjecting so i 
temperatures for five days. As a res
was found to have a significant effect on 
the total, extractable and bound residue levels. For both

Mombasa and Nairobi soils the total and
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in_ i +-/-i Ĥ r’T'Priss with increase residues were found to decrease
. ,nrI t-he bound residues increased with increasetemperature and tne oounu

, The critical temperature was found to bein temperature. The ciux

90°C in both cases.
„ to the results obtained the total residue According ho tne

n  wa9 found to be maximum at room 
for Mombasa so  ̂ decreased with both
temperature of about 21 C corresponding

in temperature.
~  -  * “ “ “  “  0.I Generally, -
y,l„e for — ^  „  ene a. U -  -
the pesticide con pesticides from

„ . the dissipation
that contnbu ec residues obtained in this

t of bound re
soil. The amoun lower temperatures and

_ always small i°-experiment wei c levated temperature.
rns- for the ei

Slightly higher than > results, it could be
these observations _ ifleant effect

i’r”  not only »»« * “ 9“ I
inferred th.t w t  al,e . » . « •  « «  * • " *

„. dissipation of P/P narticles which ason tlie d 1  ss t , soil PaJ-LX. • x-) o n II 11 cf the pest-icl pesticide mof binding ol rsistence of tl F
. .nCIS about the Pe Fxtrapolation of

a result brn 9 . the soil-
r>a rticUlar^^ Hition couldthe environment, P the field con
condition to likely to

the laboratory ^  temperature area

suggest that high persistent.
d ,.DDT to be more per the soil at the

ence of the composite were
The difference and watei

f organic matter ,_DDT. A
in terms °f ictence of P'

tW° Sit6S i ation to thS . atter content,
also studied in ie' and organic m

,wo factors, water T residue in
look at the - ination o f  P'P

ffects on dissxpatx
and their e f t
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• 4- i- tn'ih parlier reports i.e. the organicThis is consistent with ear v
a 4-hf3 dearee of dissipation whereas matter content decreases the degree

, increases. However, the resultant effect water content mcr
, Hie soils showed that the dissipation is

obtained fiom the
• than for Mombasa. This implies that,

faster for Nairobi than
, . ., has higher content of both organic

even if the Nairobi sol water, ^  H ip effect of the water, nor the magnitude of the e u  
matter and wate effect of organicpd to dominated the opposite effect 
content seemed to
matter content.

soil showed that these two factors have opposite effects.

ecommendationix ̂ — -

ol, p W ,ico-oh.«i«1
d.t. o, P M  Kno„  „  tMt «  « .

jperties is essential  ̂ ^  £ield personnel with
wide administrators, manag ^  ^  broad area of

to existing knowle g® Apparently most:ess to controls.
4. i nollllt:i-on 3 1 1 j regulations tofironmental t Xaws anĈ
have environments standards for

in tries nave environmental
, '"l"1" "  . „ in, t M  °«wide at hiQtlr9htl g

„tices. Whlle 9 ,_DDT. This• n 4-,,ral piacti 4-pice of P'P
rlC to the plant uptaK and/or

'dy' 1 for control environmental
.ional mttratrve R a t i o n *  by a

Increased controls ^  ^  paraU* ^

laminations during our lS Qf

. . .  p —  —  - t Mattention has
4-^nlar/
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live stock, soil and water. However,field studies can be
, whpn the results of laboratorycritically assessed only when

rr i f 3 npsticide is shown to bestudies are known. Therefore, if a pestr
• »- nlants substantially, and is seen totranslocated into p '

. i i-vne as observed as a result 
vary with temperature and so yp

- „ then limited field work would be enough to 
of this research,
confirm these findings and predi local or

recommended tna
15 -Hpr the results of thrs.. , maker to consider

national policy H n a environmental
lated works when

research and i already exist in the
hazards of OPT -
environment. Poi-sU . the result of this

. 0,.„ to incorpoiate
encourage policy makeis formUlating precautions
study into their knowledge . of cultivating crops on 
regulations about the po--*1- ~
soils containing DDT iesl ^  interested to work on

ally 1  recommend any make further
Finally- ,-esearch to

of pesticide pDT as related
this pait -.nation product
investigation on th. « « '  « «

to their -oc.. ^  M  ‘dc could a ^nqideration
residue in » *  ' ,,, plants C
H r tl„  is » » «  ”  , „ dy could .l=o »•

,d.q„,t. „ , t W , « o  m  oont..i««Wd
until they heai ~  ^  „  in » »

more informative c-oluti°nS*
.G 0f DDi b

with varied amounts

pesticides and their potential for contamination of crops,
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APPENDIX I.
ppmConversion of Scintillation Counts to 

Values

Given the radioactivity of a sample in dpm, the amount 
of total p, p ' -DDT in grains found in the samples may be 
derived from the relation between the total weight of p,p'- 

DDT used in the mixture and the amount of radio-activity 
introduced into the mixture. But since the amount of radio­
activity and weight of cold standard used are given values, 
the problem boils down to calculating the weight of p,p'- 
DDT that lias been introduced in the form of the hot 
standard. If we let the radio-activity of the sample be R,
Wc be the weight of the cold standard, Wh be the weight of 
the hot standard, Wc be the total weight , then,

Wt =WC + W„ = 0.5g + Wh
but Wh can be calculated from the specific activity of the 
hot standard. This is done considering the amount of total 
radio-activity introduced into the mixture. A total of 150 
uCi of hot standard lias been mixed with 0.5g of the cold 
standard. The specific activity of the radio-labelled p,p'-

DDT is
1.12 GBq/ in.mole = 1.12 x 1 0 ‘°dps/mole

= 3.027 xlO7 fiCi / mole 
= 6.72 xlO13 dpm / mole

• , • that3 027X107 jiCi of radioactivity is found inthis implies that J.uz/xi .
one mole (354.45g) of p,p'-DDT

t„.„ ». ... “ * “ “ “ “
in7 _____  354.45g3.027x10 --

150 pCi --- ? ( )
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Where Wh 
The total 
then be

=150 „Ci X 354.45 /3.027 x 10' g = 1.7568fiSvl0-^ 
weight of p,p'-DDT used to make the mixture will

0.5 + 1.756888 x 10“ 3 g = 0.501756888 q. 

but since the hot standard used has a radio-activity of 150 
fiCi = 3.33 x 10* dpm, corresponding to weight of 0.50176888 
g, then the total weight of p,p'-DDT corresponding to R can 
be calculated using the relation 
if 3.33 x 10* dpin-------  0.501756888 g

R dpin --------  ? (W,)
which implies that
Wt. = 0.5 01756 8 8 8  g x R dpm / 3,33 x10s dpm = 1.506777xl0~9 R 

fl
but again since the quantity should be expressed in the 
conventional form of ppm values or specifically pg/g, then 
it becomes important to know the amount of radio-activity 
that corresponds to one gram of a plant or soil sample, 
i.e. if X is the weight of the sample utilized to give R 
counts, then the number of counts in 1 gram will be R/X.

This implies that
„ ( 1 g ol Sample) - 1.506777 x 10'1 K/«
' , 7 . 5 0 6 7 7 7  x .0" x 10‘ « «  I'W* ‘ J 5060 x 10- » 0.̂
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Appendix II

pjgure A 1. Arbitrary sample of scintillation counting print out for total residue.
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Figure A2. Arbitrary sample of scintillation counting print out for bound residue,
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Figure A3. Arbitrary sample.
of scintillation counting print out for the quenching

standards.
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Figure A4. Simple curves showing the variation of P,P’-DDT residue in Mombasa soil
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Figure A 5. Simple curves showing the variation o f P ,P ’-DDT residue in Nairobi soil
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Figure A6. Simple curves showing the variation of P,P’-DDT residue in Nairobi Plants
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Figure A7. Simple curves showing
the variation o f P ,P’-DDT residue in Mombasa Plants
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