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To produce cash crops, pesticides are needed to a much higher degree in 
the tropics than in the temperate zones. When this need to use pesticides 
is coupled with low education among the users it's a perfect basis for envi
ronmental problems. However, the highest risk of pesticide contamination 
of water resources, including groundwater, is often not the direct use in 
agricultural fields, but point sources and "old sins". An additional problem 
is that substances that have been phased out in industrialised countries are 
still used in many parts of the world. 

In many developing countries small farmers use an excess of pesticides. Many farmers spray once a day or more. 
Photo: Sean Sprague, Bildbyr.i Phoenix. 
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Pesticide contamination of ground water is widespread all over 
the world where pesticides have been used. T he chemical and 
physical properties of a compound determine how it will behave 
in the environment, e.g., if it will end up in any specific environ
mental compartment such as the groundwater. Obviously there 
is an interaction between the chemical and physical properties 
of the compound and the chemical and physical properties of 
the environment. In the case of groundwater the properties of the 
soil have a great influence on the fate of a contaminant. In tropical 
countries, soils that are not regularly subjected to flooding are 
usually old and weathered compared to the soils in the temperate 
regions where there have been recent glaciations. Old and 
weathered soils often have a low capacity to retain contaminants 
such as pesticides. Therefore, pesticides may reach the ground
water with comparative ease. 

Point sources the highest risk 

Of course, there is always a risk when a chemical is wilfully 
introduced into the environment that the chemical will turn up 
in a place where it was not intended. Unfortunately, in many 
developing countries, small farmers often use an excess of 
pesticides. Many farmers spray once a day or more. Such practices 
are mostly due to lack of education and environmental awareness, 
poor information about the proper use of pesticides, and the risks 
involved with the use. Furthermore, excessive use of pesticides 
gives little benefit to the farmer in the form of increased crop 
protection. Instead it increases the risks both of development 
of pesticide resistance in the pests and contamination of food 
and water resources. And it does so at a high economic cost to 
the farmer! 

However, the highest risk of pesticide contamination of water 
resources, including groundwater, is often not the direct use in 
agricultural fields, but point sources. Such point sources may 
be places where pesticides are stored, where spraying equip
ment is filled and cleaned, or where unintentional releases have 
occurred. We will describe two cases from our own experience 
where pesticide contamination of groundwater gives rise to pro
blems with human health and crop production. Although one 
is actually a case of wilful use of pesticides, the result is that a 
point source has been created that now contaminates the local 
water resources. 

Vikuge State Farm in Tanzania 

The first example is one of many similar on the African conti
nent. In 1986, Tanzania obtained a consignment of 170 tons 



of pesticides as a gift from a private company through the 
Greek government. The pesticides were placed in a storage shed 
at Vtkuge State Farm, 60 km northwest ofDar es Salaam, with 
the intention to distribute the pesticides to other farms. However, 
many of the pesticide containers were empty already upon 
arrival and many of the containers were of household size, 
difficult to use in agriculture or vector control programmes. 
Even worse, the labelling on many containers was in Greek only. 
As few farmers in Tanzania read Greek, it's a very vivid illustra
tion to the proverb "It's all Greek to me". Whatever other docu
mentation may have been attached to the consignment is nowa
days missing. We know from photographs of pesticide packaging 
found at the site in 1989 that the consignment contained 
telodrin, an organochlorine insecticide that was discontinued 
by the producer in 1965, more than 20 years before the donation, 
because of its high toxicity. 

The storage shed soon collapsed and the pesticides were left 
unprotected under the open sky. A bushfire went through the 
area in 1995 creating ideal conditions for the formation of even 
worse contaminants than the pesticides. In 1996 the visible 
remains of pesticide packaging material were scooped up and 
placed in a new storage facility. However, the site where the 
original storage shed was located is still devoid of all vegetation. 
When one visits Vikuge, there is at times a pungent smell of 
pesticides, and insects that happen to land on the bare soil drop 
down dead. 

High levels of pesticides in soil and wells 

When we investigated the soil at Vikuge we found extremely 
high levels of pesticides in the bare soil where the old storage 
shed once stood. The topsoil contains up to 30% D DT and 6°/o 
lindane! Both DOT and lindane are organochlorine insecticides 
and highly persistent in the environment. There were also 
several other pesticides present at very high levels. The presence 
of these contaminants is in itself disturbing. But even worse, 
when we looked in detail at the composition of both the D DT 
and the lindane they seemed to be depleted in the insecticidal 
component. The technical products of both DOT and lindane 
are mixtures of several different compounds of which only one 
has the desired capability to kill insects. In most of the samples 
we took at Vikuge, the concentration of the specific insect killing 
compound was low as compared with the other compounds in 
the technical mixtures. Now, 20 years later, it is difficult to prove 
anything, but the disturbing suspicion arises that much of the 
donation was in fact low-grade pesticides or waste from pesticide 
production. 

The pesticides that arrived from 
Greece to Vlkuge State Farm in 
Tanzania were placed in a simple sto
rage shed that soon collapsed and left 
the pesticides unprotected under the 
open sky. Photo: Borje Paulsson 

There was the insecticide telodrin 
among the donated pesticides. The 
production of this substance was stop
ped in 1965, more than 20 year befo
re the donation, because of its high 
toxicity. Photo: Borje Paulsson 
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The villagers at Vtkuge get their water 

mainly&om two shallowwdl.s that both 
contain pesticides above the WHO
recommendations. Some villagers com
plain that the water has a chemic al 
smell and taste, and may give rise to 
headaches and nausea. 
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The problems do not end there. The old storage shed was placed 
on top of a small hill. Consequently, during the torrential rains of 
equatorial Tanzania, the surface runoff contains high concen
trations of pesticides so that the pesticides will contaminate an 
even larger area. The groundwater is rather close to the surface 
and is also contaminated with pesticides. The villagers at VIkuge 
get their water mainly from two shallow wells, simple holes 
dug in the ground downhill from the contaminated site. When 
we measured the concentrations of pesticides, both wells con
tained pesticides above the WHO recommendations. Some 
villagers complain that the water often has a chemical smell 
and taste and that it may give rise to headaches and nausea. To 
somewhat alleviate the problems, water is also trucked to a 
cistern close to the f.um for distribution to a tap in the village. 
Unfortunatdy, the PVC pipe that distributes the water from the 
cistern to the tap runs straight through the most contaminated 
area, and we found high concentrations of pesticides in the tap 
water also. 

The World Bank recently initiated the "Mrican Stockpiles 
Project" with the intention to remove from Africa old stocks of 
pesticides that cannot be put to any good use. The programme 
will likely include Vtkuge. Unfortunately, the project does not 
make provisions for any clean-up of contaminated sites. It will 

remove the remains in the new storage facility, but leave the 
contaminated soil. Although it is highly motivated to remove 
the old packaging material in the new storage facility, it is, in 
our view, relatively well protected and the smaller of two problems. 
The contaminated soil is a much bigger problem. If nothing 
is done to remediate the site, the soil will continue to conta
minate the water resources for the villagers in Vtkuge for the 
foreseeable future. 

Limpopo River Valley 

The border between South Africa and Zimbabwe runs along 
the Limpopo River. As part of the border defence, South Africa 
during the 1980s erected a sisal barrier hedge parallel to the 
river in the area east of Messina in what is now the Limpopo 
Province. The hedge was constructed between cultivated fields 
and the Limpopo, usually 10-50 m from the river. 

The Limpopo River Valley is a major vegetable production area 

in South Africa. Although the climate is dry, it has a good supply 
of irrigation water from the Limpopo. The river itself has an 
interesting flow pattern. During the dry season, which obviously 
also is the irrigation season, most of the water flows 2-4 m 



under the surface of the riverbed. The farmers make use of a 
system where trenches are dug or bore holes are drilled in the 
riverbed from which water is extracted for irrigation. 

As part of the hedge maintenance, herbicides were used between 
the sisal hedge and fences on either side. Very high doses were 
applied each year for approximately 10 years. Urea herbicides 
were used and probably also triazine herbicides. Both these 
classes of herbicides are taken up from the soil via the roots and 
inhibit photosynthesis. Experience shows that they may also 
persist for many years in groundwater due to low microbial 
activity. 

Crop damage and herbicides in groundwater 

Six years after the first use of herbicides along the hedge the 
vegetation at the riverbank started to deteriorate. The initial 
damage was yellowing and death of leaves on trees and scrubs, 
symptoms typical of the herbicides used along the hedge. 
Shortly after the first damage a massive dieback of branches and 
plants occurred. At the same time vegetable farmers experienced 
drastic yield reductions not due to any problem inherent in 
their agricultural practices. Yields decreased steadily to the extent 
where certain fields had to be abandoned. Yields were initially 
good in the new fields, but soon crop damage occurred there 
also. This was a consequence of the increasing levels of herbicides 
in the arable soil as the irrigation water brought a constant 
supply of herbicides from the river to the fields. 

When we investigated the problems we found that herbicides 
that had been used in the sisal hedge had leached downwards to 
the groundwater and then been transported with the ground
water flow to the underground Limpopo River. We could also 
show that it was the same herbicidal substances that had been 
applied along the hedge barrier that were the cause of the crop 
damage. The irrigation water brought a constant supply of the 
herbicides from the river to the fields and the crop damage was 

a consequence of the increasing levels of herbicides in the soil. 
The effects were first seen in the vegetation along the river
bank as it draws its water directly from the groundwater flowing 
towards Limpopo. The hedge itself was not affected as sisal is 
one of few plant species that are resistant to the herbicides that 
were used. 

Conclusions 

Environmentalists in industrialised countries should remember 

that agriculture in the tropics is quite a different matter than 

Six years after the first use of 

herbicides along the hedge the 

vegetation at the riverbank 

started to deteriorate. 

The irrigation water brought a 

constant supply of the herbicides 

from the river to the fields and 

the crop damage was a conse

quence of the increasing levels 

of herbicides in the soil. 
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Countries in the north have taken 

advantage of the relative lack 

of education about the risks 

with old pesticides to get rid of 

environmental problems 

at home. 
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in temperate climates. T here are many more pests, especially 
insect pests, that may cause problems in the production. To 
produce cash crops, pesticides are needed to a much higher 
degree in the tropics than in the temperate zones. When this 
need to use pesticides is coupled with low education among 
the users it's a perfect basis for environmental problems. 

Much of the problems with pesticides in groundwater and 
pesticide pollution as a whole in developing countries are due 
to the low environmental awareness, coupled with "old sins". 
Substances that have been phased out in industrialised countries 
are still used in many parts of the world. And, as the case of 
Vikuge Farm shows, countries in the north have taken advantage 
of the relative lack of education about the risks with old 
pesticides to get rid of environmental problems at home. 

T he case of the pollution of the Limpopo River is not primarily 
due to ignorance, but that what were judged as national security 
interests were given priority over environmental concerns. How
ever, the dosing of herbicides along the hedge was excessive. 
Whether this was done in ignorance or just to be sure to kill 

invasive plants, the farmers along the Limpopo are now paying 
the price. 

Modern pesticide regulations in industrialised countries call 
for extensive testing before a new substance is registered. How
ever, the information gained is not necessarily relevant to tropical 
conditions and the pesticides may behave in unexpected ways. 
An additional problem for farmers in the tropics is that the 
protective clothing that is available is usually not designed for work 
under the tropical sun. To bring about a better environmental 
situation with regard to pesticides in developing countries, it 
would be useful to have more tests of new pesticides under the 
relevant climatic conditions. But it is also of the utmost 
importance that the farmers are given the necessary education 
to use the pesticides they need in an environmentally safe manner. 
Development of protective clothing that works in the tropics 
could be a way to increase the general awareness of problems 
related to pesticides. It would show the individual users of the 
pesticides that they should protect themselves. Hopefully such 
awareness could then be expanded to the realisation that they 
need to protect not only themselves, but also their families and 
the environment in which they live. 
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