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Abstract—This paper reports on the levels of organochlorine pesticide residues in edible biota
from the coastal area of Dar es Salaam city, Tanzania. Samples were collected from the Msimbazi
and Kizinga rivers and from the coastal marine environment receiving waters from these rivers.
The samples were analysed for various organochlorine pesticide residues using GC-ECD and
the results confirmed with GC-MS. Dieldrin, p,p'-DDT, p,p'-DDE, p,p'-DDD, o,p'-DDT and γ-
HCH were the only organochlorines detected at concentrations above the method detection
limits (MDL). The samples showed significant differences in levels of residues depending on
location, mode of feeding and age/size of analysed biota. p,p'-DDT to total DDT ratios in biota
indicated recent contamination of DDT. Biota from mangrove areas showed highest level of
residues followed by those from fresh water while lowest concentrations were detected in biota
from marine coastal water. In spite of concerns on the adverse effects to humans posed by
pesticide residues in sediments reported from previous studies, edible biota from the examined
water bodies are safe for human consumption.

INTRODUCTION

Organochlorine pesticides have been extensively
used for agriculture and vector control purposes
in Tanzania. The pesticides applied on land
eventually find their way to the aquatic
environment, thus contaminating it. The pesticides
are transported to aquatic bodies by rain runoff,
rivers and streams and associate with biotic and
abiotic macroparticles (Colombo et al., 1990).
They are removed from the surface to the benthic
layers by settling of the particles into the water
column (Allan, 1986). The lipophilic nature,
hydrophobicity and low chemical and biological
degradation rates of organochlorine pesticides have
led to their accumulation in biological tissues and
subsequent magnification of concentrations in
organisms progressing up the food chain
(Swackhamer et al., 1988; Vassilopoulou &
Georgakopoulous-Gregoriades, 1993).

Consumption of biota from contaminated
aquatic body is considered to be an important route
of exposure to persistent organochlorine
compounds (Johansen et al., 1996). Humans, being
a final link in the food chain, are mostly affected,
and consequently the general public has become
increasingly concerned about the potential risk to
human health from consumption of such polluted
biota. Furthermore, organochlorine pesticides in
the aquatic environment have been reported to
cause reproductive depression in aquatic biota
(Helle et al., 1976). Detectable levels of
organochlorine pesticide residues have been
reported in the coastal waters and sediments of Dar
es Salaam (Machiwa, 2000; Mwevura et al., 2001)
and in some cases the detected residues were
suspected to cause long-term effects to aquatic
biota and human health (Mwevura, 2000).

The objectives of this study were therefore, to
determine the baseline concentrations and
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distribution of organochlorine pesticide residues
in biota in rivers and the immediate coastal marine
environment of Dar es Salaam and assess the
suitability (with respect to pesticide pollution) of
the biota for human consumption.

MATERIALS AND METHODS

Sampling locations

Eight sampling locations, two along River
Msimbazi, two along River Kizinga, two at
estuaries on both rivers and two along the Indian

Ocean coastline (Fig. 1), were identified. From
January 1998 to December 1999 a total of 32 biota
samples were collected for analysis. The samples
were collected four times from each site. Biota
were immediately wrapped in solvent-washed
aluminium foil and immediately transported to the
laboratory for analysis.

Analytical procedures

Extraction
Biota samples were extracted using solid
dispersion extraction method as detailed in the

Fig. 1 . Sampling sites within the study area in Dar es Salaam
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Environmental Monitoring Guidelines for SADC
Region (Åkerblom, 1995). The extracts were dried
using anhydrous sodium sulphate prior to clean up.

Twenty gramme (20 g) samples were taken in

duplicates and mixed with 10 g of pre-cleaned sand
and 20 g of sodium sulphate in a mortar and
crushed well with a pestle to give a homogeneous
dry mixture. The mixture was transferred into a
flask and shaken for about 4 minutes with
dichloromethane. The extract was filtered through
a glass wool plug into an evaporating flask. The
extraction was then repeated three times, each with
20 cm3 of dichloromethane and the extracts pooled
and evaporated completely at 30 ºC to give fat.
The fat was transferred into extralute-3 column and
then eluted with 4 portions of 5 cm3 acetonitrile.
The eluate fractions were combined and evaporated
to 2 cm3 in a rotary evaporator for clean up.

Clean up
Three clean up techniques, namely gel permeation
chromatography (GPC), adsorption column
chromatography and sulphuric acid treatment were
employed to clean sample extracts (Åkerblom,
1995).

Analysis
Concentrations of organochlorine pesticide
residues were determined using a Varian 3400 gas
chromatograph equipped with a 63Ni Electron
Capture Detector (ECD). SE-30 and OV-1701
megabore columns (30 m x 0.32 mm x 0.5 µm)
were used. Hydrogen gas (flow rate of 5 cm3/min)
was used as carrier gas and nitrogen gas (flow rate
of 25 cm3/min) was used as make-up gas. The GC
was operated with the following column
temperature programme; 90 ºC (1 min) at 30 ºC/
min to 180 ºC (0 min) at 4 ºC/min to 260 ºC (10
minutes). Samples were also analysed using GC-
MS at the Department of Environmental
Assessment of the Swedish University of
Agricultural Sciences, Sweden. Determinations of
analytical blanks and recoveries were made to each
set of samples.

Identification and quantification
Identification was accomplished using external
reference standards and relative retention time

techniques while quantification was done by
comparison of peaks heights of samples to those
of reference standards at known concentrations
(Åkerblom, 1995).

RESULTS AND DISCUSSION

Levels of residues in biota

Among the analysed organochlorine residues the
following residues were detected above the method
detection limits in biota: p,p'-DDT, p,p'-DDE, p,p'-
DDD, dieldrin and γ-HCH. The method detection
limits for these organochlorine pesticide residues
and their average percentage recoveries are given
in Table 1.

Average levels of organochlorine residues in
micrograms per kilogramme fresh biota weight
(µg/kg f.w.) and their frequency of detection in
biota are presented in Table 2. The p,p'-DDE
residues were the most abundant residues in biota,
and were detected in all samples at relatively higher
concentration compared to other residues. The
average concentration of total DDT in the biota
samples was 22.6 µg/kg f.w. and the range was
between 6.6–53 mg/kg f.w. The maximum average
concentration of total DDT was found in Scylla
serrata from Salender (53 µg/kg f.w.) and the
minimum concentration was observed in Caranx
papuensis from Kurasini (6.6 µg/kg f.w.)

Dieldrin residues were only found in Scylla

serrata samples from Salender and Glossgobius
biocellalus from the Kizinga location at the average
concentration of 0.9 and 0.6 µg/kg f.w.,
respectively. The dieldrin levels in other biota
samples were below the detection limit. γ-HCH
residues were detected in Scylla serrata from
Salender, Glossgobius biocellalus from Kizinga

Table 1. Method detection limits (MDL) and average
percentage recoveries (APR) for organochlorine
pesticide residues in coastal Dar es Salaam

MDL   APR
Pesticide residue (µg/kg f.w.)  (N = 4)

p,p'-DDT 1.2 89
p,p'-DDE 1.0 78
p,p'-DDD 1.0 97
Dieldrin 0.8 102
γ-HCH 0.5 62
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and Pluroploca trapezium gastropods samples
collected very close to the city’s main drainage pipe
at the Ferry site.

The levels and occurrence of residues in biota
samples seem to be governed by feeding mode,
age and mobility of the biota. All marine biota
except Scylla serrata and Epinephelus malabaricus
showed relatively low concentration of pesticide
residues compared to fresh water biota (from
Kizinga, Tabata and Jangwani). The species Scylla
serrata and Epinephelus malabaricus deviated
from other marine biota probably because of their
carnivorous mode of feeding. Such biota tend to
accumulate and concentrate residues through
feeding on other, smaller biota. The old carnivorous
biota (large crabs) living in mud showed relatively
higher concentration (53 µg/kg f.w.) compared to
small crabs (30.8 µg/kg f.w.) from similar location.
This could be due to the fact that old crabs have
been accumulating residues for longer period of
time. We observed that Scylla seratta (carnivore
from Salender) and Glassigobius biocellus (from
Kizinga) which are relatively larger in size than
the other biota, also had higher residue
concentrations than the other biota. A large variety
of residues were detected in the localised biota
Pluroploca trapezium, Glossgobius biocellalus and
Scylla seratta. This suggests that localised biota
also pick up residues from the sediment and this
occurs by passive equilibration process through
their membranes.

Possible sources of pollution

The ratio of concentrations of p,p'-DDT to that of
total DDT in the biota were calculated to assess
recent use of DDT in the area. These ratios are
presented in Fig. 2. There was a definite indication
of recent use of the pesticide DDT at Jangwani, as
shown by the higher p,p'-DDT to total DDT ratio
in biota from the site. Similar observation of high
p,p'-DDT to total DDT ratio at Jangwani has also
been reported in previous studies (Mwevura, 2000)
on levels of residues in water and sediments. The
studies showed that p,p'-DDT amounted to 62 and
58 % of the total DDT detected in water and
sediments, respectively from the site. The recent
use of DDT is associated with vegetable-growing

Table 2. Average concentration (µµµµµg/kg fresh weight) of pesticide residues in biota samples

Average
size p,p'- p,p'- p,p'-

Sites Species (mm) DDT DDE DDD TDDT dieldrinγ-HCH

Tabata Tilapia  jipe (f) 61 3.7 11.4 5.3 20.4 BDL BDL
Jangwani Tilapia urolepis (f) 53 4.4 6.2 2.0 12.6 BDL BDL
Salender Scylla serrata (f) 184 3.4 42.6 7.0 53.0 2.7 1.0
Ferry Pluroploca trapezium (m) 1.1 3.9 2.5 7.5 BDL 0.5
Harbour Epinephelus malabaricus (m) 198 1.8 7.2 4.2 13.2 BDL BDL
Kurasini Caranx papuensis (m) 138 1.6 3.1 1.9 6.6 BDL BDL
Mtoni Scylla serrata (m) 108 2.6 18.7 9.5 30.8 BDL BDL
Kizinga Glossgobius biocellalus (f) 72 2.7 22.5 11.5 36.7 1.2 0.8

Detection frequency (%) 87.5 100 100 100 18.8 31

f, from fresh water; m, from marine water; TDDT, total DDT; BDL, below detection limit.
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Fig. 2. Ratio of p,p'-DDT to total DDT in biota samples
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activities along the Msimbazi valley, where DDT is
used to combat pests.

For biota collected from River Kizinga, the
ratio of p,p'-DDT to total DDT was lower than the
ratio of metabolites to total DDT. This implies that
the presence of residues along the river is due to
past use of pesticide along the riverbanks, or that
these residues were brought into the river by runoff
and erosion.

Pesticides residues in the marine environment
are mainly associated with input from rivers and
city runoff water as the water samples showed
presence of pesticide residues during the wet
season only (Mwevura et al., 2001). Since the
studied marine area is located in a sheltered inlet
of a narrow bay that is almost protected from
flushing by seawater circulation, the transported
river sediments are likely to settle within the ocean
water close to the shore and thus act as the source
of pesticide pollution to biota.

Extent of pollution

The mean values and ranges of total DDT residues
found in the biota (6.6–53 µg/kg f.w.) were
significantly below the FAO/WHO maximum
acceptable limits in fish and sea food (200 µg/kg
f.w., FAO/WHO 1986) and Canadian maximum
allowable limits in fish (500 µg/kg f.w., McDonald
1994). The γ-HCH concentrations were also far
below the Ontario criteria of edible portion of fish
(300 µg/kg f.w.) and even below the USSR
permissible residual levels in fish (200 µg/kg f.w.,
McDonald, 1994). It therefore seems that, in spite
of the worry on adverse effects to humans
(associated with bioaccumulation of total DDT in
aquatic biota) reported by Mwevura (2000), biota
from the examined water bodies were safe for
human consumption.

CONCLUSIONS

This study documents the first known analysis of
organochlorine pesticide residues in biota from the
Msimbazi River and Kizinga River catchment
areas and the immediate marine coastal shoreline
of Dar es Salaam, Tanzania. The organochlorine
pesticide residues detected were dieldrin, p,p'-
DDT, p,p'-DDE, p,p'-DDD, o,p'-DDT and γ-HCH.

The biota from the above-mentioned water bodies
were found to be safe for human consumption. The
ratio of p,p'-DDT residue to total DDT showed
evidence of recent use of DDT at the Jangwani
residential area despite the ban on public use of
DDT in the country. Periodic monitoring of such
persistent pesticides should be instituted so as to
obtain information on the environmental quality
of these Dar es Salaam waters even if there seems,
at present, to be no biological threat from their use.
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