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Abstract

Preliminary studies to investigate the effects of organochlorine pesticides on birds was conducted in Lower
Moshi, NAFCO West Kilimanjaro, Arusha seed farm. Tropical Pesticides Research Institute (TPRI) farms,
Manyara ranch and areas around Lake Victoria as well as in the TPRI laboratory in Tanzania. Large quantities of
the pesticides particularly DDT, endosulfan, dieldrin, lindane and toxaphene are still being applied against pests of
cotton, coffee, maize, beans and other crops as well as disease vectors in the country. Several groups of birds
including waterbirds, African Fish Eagles, Marabou storks, Oxpecker, ducks, etc. were found feeding, roosting and
swimming in the water and exposed to other substances that were contaminated with organochlorine pesticides and
were presumably at risk. Analytical results from the tissues of the African Fish Eagles collected from Lake Victoria
areas showed that the kidneys were contaminated with p,p3- DDE and o,p3- DDE at levels of 0.4 ng g ' and 1.45 ng
g'1 respectively. These organochlorine insecticides as well as P-HCH were also present in the brain and liver
tissues. The levels of the organochlorine residues were well below the lethal and sublethal levels for bird raptors
reported in the literature.

1. INTRODUCTION

Organochlorine pesticides, including DDT, dieldrin, endosulfan, lindane and toxaphene,
are still being used to control agricultural pests and vectors of human and animal diseases in
developing countries in the tropical and subtropical regions. Their use is greatly restricted in
the developed temperate countries. This is mainly due to their high persistence in the
environment and tendency to accumulate in living tissues and to move through different trophic
levels in the food chains. Scientists have indicated that, compared with the temperate regions,
the chemicals may behave in a different manner in tropical environments due to high
temperatures, humidity, ultra-violet light, microbiological complexes etc. Information on the
amount and effects of organochlorine pesticide residues present in water, food, soil, animals and
birds in the tropical and subtropical countries is scanty. Talekar et al. stated that organochlorine
pesticides were banned in some tropical countries without sufficient information about their
impact on the local environment [1].

A number of organochlorine pesticides have been used in Tanzania for many years and
are still registered for use against insect pests of coffee, especially in the Kilimanjaro and
Arusha regions.and against pests of cotton particularly in the Lake Victoria zone, and those of
maize and beans in many other regions as well as pests of domesticated animals and man.
However, no research has been conducted to evaluate their effects on the higher fauna,
particularly birds, despite the fact that in Tanzania there is a vast number of birds species
including some endangered species. Therefore, studies on both the short and long-term effects
of the organochlorine pesticides on the birds is very important. In the Lake Victoria zone the
piscivorous and raptorial birds, particularly the African Fish Eagles, seem to be most affected by
the pesticides. This is because some fishermen have been reported to pour endosulfan and other
pesticides into the lake to kill fish and these pesticides, together with those washed into the lake
from the crop fields during the heavy rains, accumulate in the lake so that when fish, birds and
other animals that use the water they absorb the pesticides into their bodies. The African Fish
Eagle {Haliaeetus vocifer) feeds on fish and swims in the contaminated water and hence it can
be expected that high concentrations of the pesticides could accumulate in their tissues. The
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population of these birds around Lake Victoria has been declining for the past few years
(Mgallah, Pers. Com.)- Probably the pesticides accumulate in the birds tissues and consequently
can interfere with reproductive and other metabolic activities of the birds.

This study was conducted firstly, to identify the various organochlorine pesticides used
in the Lake Victoria zone, Kilimanjaro and Arusha regions; secondly, to assess utilization of
crop fields by avifauna in these areas; thirdly, to assess the distribution and abundance of the
birds species particularly African Fish Eagles in the areas; fourthly, to investigate their feeding
habits, breeding habits and success; fifthly, to determine the levels of organochlorine residues
present in different tissues of the African Fish Eagles.

2. MATERIALS AND METHODS

2.1. Experimental site

Surveys were conducted in lower Moshi rice and sugarcane farms and NAFCO West
Kilimanjaro (Kilimanjaro region); Arusha seed farm, Tropical Pesticides Research Institute
(TPRI) farms, Manyara ranch, and Manyara National Park (Arusha region) and areas around
Lake Victoria namely Bunda, Magu, Igoma, Mwanza and Butimba (Mwanza region) to
investigate the pesticides used and birds species present. The experiment was started in March
1992 and took about three years to investigate the pesticides used and birds species present.

2.2. Surveys and ecological study

Pesticide shop keepers, cattle keepers, crop farmers, agricultural extension and health
officers were visited and interviewed to find out the types and quantities of organochlorine
pesticides used against crop pests and disease vectors in their areas. The time and persistence of
the various pesticides used were recorded. The results obtained were then used to demarcate the
areas into "contaminated areas", that is, those with regular use of organochlorine pesticides and"
control areas" which are those areas with no such use.

Observations were made according to respective crops and pesticides spraying calendars
and the numbers of dead birds and their behavioural changes during and immediately after the
sprayings were recorded. The birds found in the different study sites were monitored once every
month apart from those in TPRI which were monitored once every week.The birds found were
sampled and their distribution and abundance, feeding habits, breeding habits and success and
population dynamics were investigated. The movement behaviour of the birds was used to
group them into sedentary and migrant groups. The results obtained from the ecological studies
of the birds were used to determine suitable indicator species for further intensive studies.

2.3. Sampling and laboratory analysis

During the different surveys a small number of birds were sampled for residue analyses.
However, because of some technical problems with GLC, only a few samples of the African

Fish Eagles collected from the Lake Victoria areas could be analyzed. These birds were
selected from different spots around the Lake Victoria area and shot during two different
periods. The first sampling was effected at the beginning of the short rains in October 1994 and
the second one in February 1995 during the heavy rainfalls. The killed birds were taken to the
TPRI laboratory where liver, brain, kidney and fat tissues were removed from their bodies. The
removed tissues and water which was also sampled from the same areas were then analyzed by
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following the procedure outlined in the protocol provided by the IAEA but with slight
modifications as shown in the technique given previously in order to suit circumstantial
needs [2].

Some tissue samples were prepared for residue analysis but without using the SPE
column. In this case an amount (20 g) of tissue was mixed with anhydrous sodium sulfate (four
times the weight of the tissues) and ground. This mixture was tumbled in acetone + hexane
(200 mL, 1 + 1 by volume) and left to settle for one hour. The suspension was filtered into a
separating funnel containing sodium sulfate solution (200 mL). The hexane extract was
separated and washed three times with sodium sulfate solution (50 mL, 20 g L ').

The hexane extract was concentrated to 2.0 mL and passed through a microcolumn
(containing 1 g of 60 to 80 mesh silica gel for chromatography and 0.5 g anhydrous sodium
sulphate) previously washed with hexane (50 mL) followed by methanol (50 mL) and dried at
75°C overnight. The column was eluted with a further volume of hexane (10 mL). The hexane
extract was concentrated to 10 mL and 5 uL analysed by gas chromatography. The conditions
were: column, length, 1.5 m, diameter, 6.35 mm; packing, 50 g kg'1 QF1 on Chromosorb WHP;
temperatures, column, 220°C, injector, 260°C, detector, 260°C; carrier gas, nitrogen; flowrate,
60 mL min"1 ; detector, electron capture detector (63Ni).

When the sample was extracted without using the SPE column broad unresolved peaks
were observed. Consequently, the extracts were cleaned further by using microcolumn (or
pipette column) as mentioned above and resolved peaks were obtained. The peaks were then
quantitated using analytical standards after determining the retention time of the individual
peaks and concentrations of the corresponding compounds. The pesticide residue
concentrations were calculated as follows:

R = A (weight std injected) x B (sample peak ht/area) x C (final extract vol.) x P (std)
D mL (inj. vol.) x E (sample tissue weight) x F (std peak height/area) x 100

A = weight of standard used (ng/mL)
B = Area or height of sample peak (mm)
C = Final volume of extract (mL)
D = Microlitres injected (mL)
E = weight of tissue sample taken (g)
F = Area or height of standard peak (mm)
R = Residue concentration (ng/mL)
P = Purity of standard, %

3. RESULTS AND DISCUSSION

Endosulfan, dieldrin, lindane, DDT and several cocktails of DDT and other pesticides
are still recommended as cheap and effective pesticides for controlling cotton and coffee insect
pests as well as disease vectors in Tanzania and were found to be sold in large quantities in the
Tanganyika Farmers Association (TFA) shops and other shops. Vegetables, maize, beans, rice,
sugarcane and other crop producers were buying and using the various organochlorine
pesticides against their crop pests, since there were few pesticides specifically recommended for
control of pests of such crops. Water which was being used to irrigate sugarcane in the lower
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Moshi crop contained high concentrations of dieldrin, endosulfan and DDT which were
presumably washed from the coffee farms in Kilimanjaro and Arusha regions. Endosulfan
which was being sold with the trade name Thiodan 35 EC, dieldrin and DDT were being used
extensively against coffee, maize, vegetables and bean pests in the Arusha seed and TPRI farms.
Toxaphene was extensively used against ticks and other animal disease vectors in the Manyara
ranch. Endosulfan in ULV and EC formulations was being used in large quantities to control
cotton and maize insect pests in most of the areas around Lake Victoria (Mwanza region).
Large quantities of lindane and DDT had also been used in the lake zone in previous years.
Endosulfan and other pesticides were being used to kill fish in Lake Victoria.

The species of birds which were observed in the lower Moshi, NAFCO West
Kilimanjaro, TPRI, Arusha seed farm, Manyara Ranch and Manyara National Park are listed in
Table 1. The lower Moshi rice irrigation Scheme (1200 ha) and sugarcane plantation are
inhabited by numerous species of birds most of which are permanent residents, and pests, of
rice. Queleas visit the farms in millions between July and February and can devastate the rice
crop if not managed. The majority of the waterbird species (Egrets, Herons, Ibises, Storks) were
observed eating rice grains, drinking and swimming in standing water which was probably
contaminated with endosulfan, dieldrin, DDT and other pesticides. During the survey
conducted in the area in May 1994, immediately after extensive spraying of the sugarcane and
rice fields with endosulfan and other pesticides, some birds particularly the weaver birds and
fiscal shrikes were found dead and some failed to fly for long distances. The dead birds were
collected for analysis of pesticides residues in the laboratory but the analyses were not done
owing to problems we had with the gas chromatograph.

NAFCO West Kilimanjaro is an open Woodland area inhabited by a number of bird
species including the Grey Crowned Cranes and Cattle Egrets. The birds are likely to be
affected by DDT, dieldrin, endosulfan and other pesticides which are frequently applied against
pests of coffee, beans, maize, vegetables and other crops. TPRI and Arusha seed farms have
relatively fewer species of birds but only a few of them, including the Abdimn's and stork, are
sedentary hence are likely to be affected by the organochlorine pesticides which are being used
in the areas. Yellow weavers which feed on bollworms in maize crops in Arusha seed farm and
TPRI experimental fields are at risk. Fiscal shrikes may be exposed to organochlorine
pesticides, when feeding on insects which survive after spraying in maize, coffee and bean
farms. Manyara ranch, a wooded grassland, has a high diversity of bird species and shares many
bird species with lower Moshi. Several waterbirds were drinking and swimming in the five
ponds which were being used for washing cattle after the water had been treated with DDT,
dieldrin, endosulfan and particularly toxaphene. Scavengers, such as Marabou storks, are
permanent residents; birds of prey, especially vultures, also visit the ranch. These birds as well
as oxpecker, doves, weavers and other species drink the contaminated water and some may also
eat cattle meat contaminated with the pesticides. The five ponds are the only sites in the area
where the birds can get water. Other birds found in the ranch include ducks, geese, ibises etc.,
which appear to be local immigrants from nearby Manyara National Park. Queleas also utilized
the acacia trees in the area as nesting and breeding sites and later migrated to feed on wheat, rice
and barley in the nearby farms. The birds which are permanent inhabitants in the Manyara
National Park and do not visit the areas contaminated with the organochlorine pesticides are
considered to be in the "control" area. The amount of organochlorine residues obtained from
the tissues of these birds (if any) can be compared with that obtained from the similar species of
bird which live in the contaminated areas. The Marabou stork a raptorial and sedentary species,
is a good indicator species for this kind of study as it is found in both the National Park where
no pesticide is being used and the ranch where several pesticides are applied.
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Table 1. Species, distribution and abundance of birds.

Species Manyara
Ranch

Lower Moshi NAFCO-West
Kilimanjaro

TPRI-Amsha
seed farm

Manyara
National Park

Ostrich
little Grebe
Long-tailed Cormorant
Squacco heron
Grat white Egret
Black Heron
Little Egret
Black-headed heron
Purple Heron
Cattle Egret
YeUow billed egret
Woolly becked stork
Marabou stork
YeUow billed stork
Hadadalbis
Glossy Ibis
Sacred Ibis
African Spoonbill
White faced Tree Duck
Egyptian Goose
Red-billed Duck
Knob-billed Duck
MacwaDuck
Augur Buzzard
Black shouldered Kile
Hilderbrandt's Frsucolm
Hehneted Guinea fowl
Button Quail
Grey Crowned Crane
Blacksmith Plover
Black Crake
Two-banded Courser
Chestnut-bellied Sandgrouse
Namagua Dove
Ring-necked Dove
Laughing Dove
Red eyed Dove
White-bellied Go-away bird
White-browed Coucal
African Jacana
Sandpipers
Speckled Mousetad
Little Bcc-catcr
African Hoopoe
Red-billed Hombill
Long tailed fiscal
Fiscal shrike
White Crowned Shrike
Ililderbrandt's Starling
Superb Starling
A * y Starling
YeUow billed oxpecker
Qudeas
YeUowWeavcrs (Ploceus ssp)
Pelicans
White storks
Black kites
Abdimn's

number of birds : + <IOO
++ 100- 1000

>1000

In Mwanza region, the African Fish Eagle, a raptorial bird was found in all the areas that
were surveyed around Lake Victoria. The areas included Butimba, Igoma, Nyamahanga,
Tahamu near Rubara River and Guta where the number of birds observed ranged between four
and eight. The Eagles were found together with the Marabou stork, Black kite, Great Egrets,
Yellow billed duck, Yellow billed stork, Black headed herons and other species of birds.
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Possibly, these birds have succeeded in staying in the same place because their ecological niches
do not quite overlap. The African Fish Eagle feeds on fish and small animals such as frogs
living in shallow water along the lake shore and river streams. They feed during day times
especially between 10.0 a.m. and 4.0 p.m. It appears that the African Fish Eagles build their
nests and lay their eggs during the dry season or towards the end of the rainy season because no
nests with eggs were found during the survey, which was conducted at the beginning of the
rainy season. Only two young birds were spotted. These birds laid two eggs which succeeded
in hatching. Their nests were 30 cm in diameter and built by using small twigs or tree branches.
These were found on the highest tree tops and were not easily viewed. Such behaviour of
building nests in high positions and the great parental care which the African Fish Eagles have
towards their young ones, enable all their chicks to survive normally. However, because of the
small number of eggs which the birds lay, their population is usually small in most areas.

The analytical results from the different tissues of the African Fish Eagles collected from
Mwanza region showed that the kidney contained what is probably o.p'DDE and p.p'DDE and
was more heavily contaminated with residues of DDT type than the liver and brain tissues
(Table 2). Possible traces of lindane and (5-HCH were also observed in the brain and liver
tissues. The work on organochlorines in Africa has generally concentrated on residue levels

Table 2. Residues of organochlorine insecticides in tissues of African Fish Eagle and in
samples of water taken from lakes

Sampling

Time
October

1994

February
1995

Location
Magu

Igoma (MZ)

Mwanza

Mwanza

Kayenyeze(M2)

Bun da

Magu

Sample
identity

liver
brain

kidney

liver

kidney

brain

kidney
liver
brain

water

water

water

water

Residues

Concentration, ugg1

0.002
0.024
0.430
0.022

0.009
0.007
0.200
0.460

0.010
0.006
0.019
1.45

0.001
0.001

0.001

0.114

0.004

0.154

Identity
o,p- DDE
o,p'- DDE
o,p'- DDE
p,p'- DDE

o,p'- DDE
p,p'- DDE
o,p- DDE
p,p- DDE

o,p'- DDE
p,p'- DDE

lindane
o,p- DDE
P-HCH
p - HCH

o,p'- DDE

o,p'- DDT

o,p'- DDE

o,p'- DDT
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without investigating the associated effects except for egg shell thinning [3]. Therefore, the side
effects on birds due to the organochlorines, have been estimated by comparison with the results
of studies made in other countries. This has also been difficult mainly because sensitivities to
pesticides vary widely between birds species [4], However, diurnal raptors have broadly similar
sensitivities [5]. Mortalities of raptors due to DDT and its residues were reported to occur when
levels of DDT exceeded 30 mg kg '[6]. In addition to raptors, DDT and its residues are reported
to cause eggshell thinning and breakage as well as addling and reduction of hatchability [7].
Several studies of organochlorine pesticides in Africa have indicated that the residue levels are
generally lower than those found in Europe and North America [4]. This is mainly due to a
lower proportion of agricultural land in Africa and the shorter persistence of organochlorines in
tropical as compared to temperate climates. Assuming that the amounts of residues obtained
from tissues of the African Fish Eagles during this study can be confirmed they are well below
lethal and sublethal levels calculated by other scientists [6]. However, the data obtained cannot
be considered as representative results for organochlorine residues present in the African Fish
Eagles found in Mwanza areas. This is because other important tissues of the bird including
muscles and fats have not been analyzed for the residues. In addition, the birds were sampled
only at the beginning of the rainy season, when most of the pesticides applied in the cotton
fields had not been washed into the lake where the birds were feeding and swimming.
Furthermore, the number of samples analyzed was small hence could not provide consistent and
reliable results and the identity of the peaks has not been confirmed by GC-MS.

However, together with studying the feeding habits, breeding habits and home ranges of
the indicator bird species in relation to contamination with organochlorines, the tentative data
on the African Fish Eagles indicate that it is necessary to determine the levels of organochlorine
residues that are present in tissues and or eggs of the representative samples of the exposed birds
and to investigate their associated effects. The preliminary results presented in this paper show
a need for the further study of the effects of organochlorine pesticides on birds in Tanzania such
as the African Fish Eagles and Marabou storks found around the Lake Victoria areas where
lindane and endosulfan are extensively used against crop pests and on the Oxpecker birds in the
Manyara areas where large quantities of toxaphene are applied in cattle dips [7],
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