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This study examined the levels of chlorinated hydrocarbons (organochloride
pesticides) in the ecosystem of Ncema and Umguza dams. Samples of water,
water weeds, mud and fish were collected from each dam. The fish species
collected from the two dams were river sardine (Mesobo/a brevianus), branded
bream (Tilapia sparmanii), African catfish (e/arias gariepinus) and red-breasted
bream (Tilapia rendelli). The samples were analysed for hexachlorocyclohexane,
DDT, and its metabolites, DOE and DOD, aldrin and dieldrin. DDT was detected in
all the samples, its concentration ranging from 1,12 J.l9 per kg in water weeds to
265 J.l9 per kg in mud from Upper Ncema dam. Aldrin was also detected in all the
samples (except for branded bream from Upper Ncema dam), the highest level

__being 223 ~g per kg in_ ~atdln~$'-rom Lower Umguza dam. Traces.of
hexachlorocyclohexane were detected in some of the samples, the highest level
of 20,1 ~g per kg in African catfish from Upper Ncema dam. Dieldrin was detected
only in mud samples from Lower Umguza dam at a concentration of 80,5 ~g per
kg. Overall, this study indicates that Upper Ncema dam has a higher pesticide load
compared to Lower Umguza dam.

Key words: Pesticide, organochlorine. residues

persistence in the
use of some

been restricted by

Pesticides are widely used in agriculture
throughout the world for the control of
livestock, soil and plant pests. They are also
used as dressing for stored grain and seeds.
Non-agricultural uses of pesticides are for
the control ofinsectvectors ofhumandiseases
such as malaria, yellow fever and sleeping
sickness. However, analysis of the effects of
pesticides show that pesticides residues are
not limited to target pests but also affect non
target sectors of the ecosystem (Greichus et
aI., 1978). Pesticides enter the acquatic
ecosystem through run-off from farmland,
animal dips and factory effluent. The
persistence of the pesticides in the body of
water depends on solubility of the pesticides
(Sherma and Zweig, 1983), the pH and
suspended particles in the water and mud at
the bottom of a water body (Fishman et aI.,
1983).

Because of their
environment, the
organochlorines has

making them unavailable by prohibiting
over-the-counter sales. Those that have
limited availability are for designated
purposes, for example, aldrin and dieldrin
for termite control; DDT for tsetsefly control.
Historically, DDT had been used in
Zimbabwe to control the maize stem borer
and cotton bollworm as well as vegetable
and garden pests (Matthiessen, 1985;
Wessels,1974).

Although some surveys of the
organochlorine pesticides have been done in
some parts of Zimbabwe (Mhlanga and
Madziva, 1990; Mhlanga et aI., 1986;
Matthiessen,1985; Greichus et al., 1978), no
such work has been reported in the southern
part of Zimbabwe. Concentrations of the
organochlorine pesticides from these
previous studies are sufficiently high to pose
problems to sensitive species and warrant
an investigation of the pesticide levels in
Upper Ncema dam which supplies water to
the city of Bulawayo and Lower Umguza
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dam which receives effluent from the city
sewage works and factories.

Upper Ncema is a man-made dam on
Ncema river. Situated about 50 km south
east of Bulawayo, Ncema dam has a surface
area of 770 hectares, a maximum height of36
m and is 270 m long. It has a capacity of
approximately 45 million cubic metres. The
dam is surrounded by farmland and natural
woodlands. Its catchment area consists of
numerous small rivers that flow into Ncema
river. The dam is also used for recreation and
has camping and caravan sites.

Lower Umguza dam lies on Umguza river
just to the North of Bulawayo. It has a small
catchmentarea butgains inflowfrom effluent
from the city sewage works. The water is not
used for human consumption but is used for
irrigating plots producing vegetables for the
local market as well as irrigating recreation
gardens in the city.

Materials and Methods

Sample Collection
Samples ofwater, weeds, mud, and fish were
collected from both Upper Ncema and Lower
Umguza dams. The samples were collected
from five different points within and around
each of the dams using a zig-~zag sampling
pattern to ensure more representative
samples.All samples were preserved by
freezing soon after sampling.

Thefollowing fish samples were collected
from both UpperNcema and Lower Umguza
dams: river sardine (Mesobola brevianalis),
branded bream (Tillapia spermanii), the
African catfish (Clarius gariepinus) and red
breasted bream (Tillapia rendellO

Extraction ofpesticide residues from water
Fifty millimeters of water sample were
transferred into a separating funnel. Sodium
chloride was then added at concetration of
100 g per litre of sample and shaken
thoroughly to dissolve it. Fifty millilitres of
hexane: acetone (1:1) mixture were added
into the sample bottle to rinse the bottle. This
was then transferred to the separating funnel
and shaken together with the water sample
for two minutes. The organic and aqueous

\
'\

phases were left to separate. The aqueous\
phase was then re-extracted twice using 25'\",
mls of the hexane: acetone mixture (1:1). The .•.
organic phases were combined and dried "
over 5-10 g anhydrous sodium sulphate.

Extraction ofpesticide residues from mud
Sun-dried mud samples were subjected to
screening for stones, organic matter and other
objects. This was then mixed thoroughly to
obtain homogenous samples. Twenty-five
grammes of the sample were transferred into
extraction thimbles. This was extracted on
Soxhlet extractors for 2 hours with hexane:
acetone mixture (1:1).

Extraction ofpesticide residues from weeds
The weeds were cut into very small pieces.
Twenty-five grammes of the weeds were
weighed and'put into extraction thimbles.-
Extraction was done by reflux on Soxhlet
apparatus for 2 hours with hexane: acetone
mixture (1:1).

Extraction ofpesticide residue from fish
Whole fish samples were cut using a scalpel
and minced using a hand mincer. Each
sample was mixed thoroughly and a 10 g
sub-sampIe ground in a mortar with an equal
amount of sand and enough anhydrous
sodium sulphate to form a homogenous dry
powder. The powder was transferred to a
beaker and simmered (with continuous
stirring) for 2 minutes with successiv'
portions (50,20,20 ml)of a hexane: acetone
mixture (1:1). Each portion was cooled for a
few minutes and decanted through
anhydrous sodium sulphate into a 100 ml
volumetric flask. The flask was made up to
100 ml with n-hexane and gently shaken. All
the extracts from water, weeds, mud and fish
were evaporated on a rotary evaporator. The
extracts were then reconstituted in 10 ml n
hexane and were ready for clean-up.

Clean-up ofpesticide residues
The clean-up procedure was the same as for
all the samples.The clean-up column was
prepared by packing 2 g of neutral alumina
into pasteur pipettes. Anhydrous sodium
sulphate (1 g) was then added on top of the
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·leutral alumina. These were held by a plug
of acetone-washed cotton wool at the lower
end of the pasteur pipette. Elution of the
pesticide was effected using 2 ml n-hexane.
The eluent was collected in 5 ml vials and
taken for quantitative determination.

Quantitative estimation of pesticide residues
Depending on the residue concentration, all
eluates were either concentrated or diluted
before gas liquid chromatography (GLC).
All samples were analyzed on the GLC
instrument; Varian Model 3400 fitted with
an Electron Capture Detector. A 30 m-Iong
Megabore DB 17 column was used with
temperature programming to cover the
whole spectrum of organochlorines analyzed
for. In programme I, the column temperature
was held at 150°C for 1minute. Inprogramme
2, the temperature was raised to 180°C at a

~ temperature rate of 40°C per min. and held
for a further minute. In programme 3, the
temperature was raised to a final column
teperature of 220°C at a rate of 40°C per min.
and held for 10 minutes. The injector and
detector temperatures were set at 220°C and
270°C respectively. An attenuation of 8 was
used with a range of 10.

Results and Discussion

Recoveries at 0,01 Jlg per kg pesticide spike
levels ranged from 90-97 per cent on average
with a coefficient of variation 5-14 per cent
(Table 1). The detection limit was in the
range of 0,001 Jlg per kg to 0,005 Jlg per kg
depending on the sample.

Water
The mean DDT (DDD+DDE) level in Ncema
dam was 10,7 Jlg per litre compared to 2,4 Jlg
per litre in Umguza dam (Fig 1). Considering
the 96-hr LCso of DDT to various fish species
ranges from 1-30 Jlg per litre (Mason, 1991)
these values could cause Significant toxicity
to fish found in the dams, especially Ncema
dam. The fact that no mortality of acquatic
life has been reported can be explained by
the fact that the high DDT levels detected

. may be due to suspended solids in the water.
At the time of sampling (August/September
1995), Ncema dam had reached its lowest
level due to years of drought and the water
contained a significant amount ofsolids. DDT
per se has limited solubility in water and
when detected, it is always present on the
filtered solids (Matthiessen, 1985). The US
Environmental Protection Agency has set a
maximum of 0,001 Jlg per litre DDT to protect
freshwater environment (Train, 1979).

Table 1. Recoveries (0/0) of pesticides added to samples at a concentration of 0,01 Jl9
per kg before extraction and analysis

DDT ALDRIN DIELDRIN HCH
Reea SOb CVe Ree SO CV Ree SO CV Ree SO CV

Water 97 4 5 99 4 6 97 4 5 98 10 14

Mud 93 6 9 98 6 9 96 8 7 95 7 7

Fish 94 8 9 96 6 7 93 4 5 91 10 12

Weeds 90 5 7 92 4 5 94 6 8 92 5 !3

aRec == Recovery == mean of 5 determinations
bSD == standard deviation
cCV == co-efficient of variation (%)
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Figure 1: Pesticide levels In water, weeds and recl-breasted bream obtained from Upper
Neerna and Lower Umguza dams
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Aldrinwas detected inboth Upper Ncema
.md Lower Umguza dams at a mean
concentration of 0,20 Ilg per litre and 0,10 /lg
per litre respectively (Figure 1). The
maximum residue level allowed is 0,10 /lg
per kg or 0,10 Ilg per litre (Mason, 1991).
Aldrin has been used in Zimbabwe as a soil
fumigant to control white grubs and
wireworms (Wessels, 1978).

HCH was detected only in Upper Ncema
dam. This may be due to the fact that HCH
has been used for the control of flies in the
dairy farms around the catchment area.

Mud
The level of DDT detected in mud below
water in Upper Ncema dam was
approximately two and half times greater
than that found in water (Figure 2). A mean
concentration of 265 Ilg per kg dry weight
was found in Ncema dam. Similarly 20 Ilg
per kg DDT was found in Umguza dam mud
compared to 0,21lg per kg in the water. These
high DDT levels may be explained by the fact
that DDT bound to solids in water is
deposited to the bottom sediments which
form mud. Higher aldrin levels were found
in Umguza dam mud (38.00 /lg per kg)
compared to Ncema dam (7.00 /lg per kg).

Dieldrin, which is closely related to aldrin,
was not detected in Ncema dam mud but
was detected in Umguza dam mud at a
concentration of 80,00 /lg per kg. The levels
of aldrin and dieldrin in Lower Umguza
dam are a reflection of their use in the ever
increasing construction industry for the
control of termites. The residues then find
their way as city effluent to Umguza dam.
Aldrin was also once used in the vegetable
patches around Umguza against carrot and
cabbage rootflies. On the other hand, the
level of DDT in Ncema dam is a reflection of
its historical use in agriculture as DDT use is
resricted for tsetse-fly control in the north
and north-east of Zimbabwe.

Water weeds
DDT levels found in weeds in Umguza dam
(5,3 Ilg per kg) were about five-fold greater
than the levels found in those in Ncema dam
(Figure 1). The higher levels of DDT weeds in

Lower Umguza dam may be due to the fact
thatweeds collected from Umguzawere larger
and healthier than those from Ncema dam. As
such, weeds from Lower Umguza dam may
havebeenbetter able to absorb andconcentrate
more residues. Work is in progress in our
laboratory to verify this hypothesis.

Aldrin was detected in weeds from both
Ncema and Umguza dams at statistically
equal concentrations (Student's t test, P =
0,05). HCH was also detected at 0,40 and 0,10
Ilg per kg respectively.

Fish
The highest DDT and aldrin levels in fish
were found in River sardine collected from
both dams (Figure 2). Ncema sardines had a
mean concentration of 223 /lg per kg DDT
compared to 1061lg per kg DDT in Umguza
sardines whilstUmguza sardLTles had a mean
aldrin concentration of 223 /lg per kg
compared to 311lg per kg aldrinconcentration
in Ncema sardines. River sardine is the most
abundant fish species found in both dams. It
feeds mainly on phytoplankton and benthic
algae and ocassionally on mud which is
usually highly contaminated. It has a
considerably high fat content (10,3 per cent)
and organochlorine pesticides being fat
soluble, tend to accumulate in the fat deposits.

Brandedbream collected fromNcema dam
had a DDT content of57,2 /lg per kg compared
to 3,5 /lg per kg DDT in the Umguza dam
bream (Table 2). Traces of HCH and aldrin
were also detected in the breams (Table 2).

Equal concentrations of DDT were
recorded for red-breasted bream collected
from Ncema and Umguza dams respectively
(Figure 1). Although no data for HCH and
aldrin are shown in Figure I, 0,05 /lg per kg
HCHwere found in red-breasted bream from
Upper Ncema dam compared to 0,03 /lg per
kg HCH for those from Lower Umguza.
Furthermore, O,Ol1lg per kg and O,Olllg per
kg aldrin were found in red-breasted bream
from Upper Ncema and Lower Umguza
dams respectively. Red-breasted bream had
the lowest amount of pesticides compared to
all fish species.

The catfish had a fairly high level of DDT,
aldrin and HCH. Catfish from Upper Ncema
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Figure 2: Pesticide residue levels In mud, sardine and catfish sampled from upper
Ncema and Lower Umguza dams
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,ole 2. A comparison of pesticide residue concentrations in red-breasted bream
,0IJected from Upper Ncema and Lower Umguza Dams

aMean Pesticide Concentration (l1g per kg)

Upper Ncema Lower Umguza

HCH

Aldrin

Total DDT

0,05 + 0,01 b

0,02 + 0,01 b

57,20 + 0,15c

0,04 + 0,01 b

0,02 + 0,01 b

3,40 + O,35c

a Data represent means of 3 samples each done in duplicate.

b No statistical difference at all (Students t test; P =0,05)
C Difference statistically significant (Student's t test; P =0,01)

haa a mean concentration of 42 /lg per kg
DDT compared to 30 /lg per kg DDT in those
from in Lower Umguza dam. The aldrin
level in catfish from both dams was
statistically not different whilst catfish from
Upper Ncema dam had significantly higher
levels ofHCH compared to those form Lower
Umguza dam (Student's t test, P = 0,05).
Catfish generally feed on mud and
phytoplankton but its low fat content (4,3
per cent) seems not to allow high pesticide
accumulation compared to river sardine.

Considering that the maximum DDT
levels allowed in human foodstuffs is 740 /lg
per kg (Mason, 1991), the highest residue
levels in this study, converted to a dry weight
basis, are far lower than the human
consumption limit. This conclusion is in
agreement with a similar study done on Lake
Macllwaine (Mhlanga and Madziva, 1990)

This study was done at a time when it
was feared that the concentration of
pollutants could be highest at the peak of the
drought. Any significant new inflow may
either dilute the organochlorine pesticide
concentration further or bring in new
contamination in the event that some
organochlorines are still being used by some
farmers. There is therefore need to monitor
pesticide contamination of the dams further
after a significant inflow into the dams.

Summary and Conclusion

DDT (DDD + DDE) was detected in all
samples analysed. The highest level of DDT
was detected in mud from Upper Ncema
dam at a concentration of 265 /lg per kg
followed by sardines from Lower Umguza
Dam at 223 /lg per kg. Although these levels
may not pose a health hazard in humans,
they may have an adverse effect on the
ecosystem through the food-chain effect.
Organisms are generally dependent upon
one another. Members of one trophic level
supply food to members of the higher trophic
levels with the consequence that the stable,
lipid-soluble pesticide concentrations rise
with trophic levels. This has manifesteditself
in the observed thinning of fish-eagle eggs in
Zimbabwe (Thomson, 1981) and other birds
elsewhere (Flemming et al., 1983; Crivelli et
aI., 1989). At the highest trophic level,
organochlorine pesticides have been found
in human breast milk. To date, the level of
organochlorine pesticides in breast milk of
Zimbabwean women is amongst the highest
recorded in literature (Douthwaite and,
Tingle, 1990). There is, therefore, a need to
monitor the environment for pesticide
contamination and curtail organochlorine
pesticide use.
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