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This paper presents results based on determination of residue levels of 1,1,1-trichloro-2,2-bis[p-chloro-
phenyl]ethane (DDT) and its metabolites in five fish species from Rwenshama landing site on Lake
Edward, Uganda. The residue levels were analysed by using a GC-ECD and confirmed by GC–MS. The
DDT residues detected in fish samples from Lake Edward were p,p0-DDT, o,p0-DDT, p,p0-DDE, o,p0-DDE,
p,p0-DDD and o,p0-DDD. All the analysed samples of fish presented mean DDT residues ranging from
non-detectable levels to 68 lg kg�1 fresh weight. High levels of p,p0-DDT were detected in comparison
to the metabolites (p,p0-DDE and p,p0-DDD). The detection of higher levels of p,p0-DDT than p,p0-DDE
and p,p0-DDD, in most fish samples, suggests recent exposure of fish to DDT. Generally, most of the fish
samples had residue levels below the maximum residue limits (MRL) recommended by FAO/WHO Codex
Alimentarius Commission.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

DDT is among the 12 Persistent Organic Pollutants (POPs) that
are restricted and targeted for ultimate elimination under the
international treaty on POPs (UNEP, 2001). As a POP, DDT is char-
acterised by high persistence, low polarity, low aqueous solubility
and high lipophilicity, and as a result it has a potential to bioaccu-
mulate in fatty tissues. DDT has been implicated in a broad range of
adverse human health and environmental effects, including repro-
ductive failures (Beard, 2005), endocrine disruption (Turusov et al.,
2002), egg-shell thinning and, hence, poor reproductive success
(Ratcliffe, 1967). DDT and some of its metabolites are mutagenic,
potentially carcinogenic and are known to be environmental estro-
gens. They mimic hormones, binding to and activating the estrogen
and androgen receptors, thereby, often producing estrogen-like ef-
fects (Robinson et al., 1985).

DDT became available in Uganda in the 1950s, and was widely
used until the mid 1980s for pest management on crops, especially
cotton, and control of malaria mosquitoes and tsetse flies (Glossina
sp.) in public health programs (Kasozi et al., 2006). DDT was used
in many parts of the country like in Kihiihi Sub County of Kanugu
District to control malaria mosquitoes in the late 1950s and early
1960s, leading to the elimination of Anopheles funestus and reduc-
ll rights reserved.
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tion of the Anopheles gambiae mosquitoes (Rwakimari, 2007). DDT
was also used in controlling Simulium flies in small rivers in Mt. El-
gon and Budongo forests, and along the Victoria Nile Basin (Rwaki-
mari, 2007).

In spite of the previous use of pesticides in Kanungu and other
districts in Uganda, little or no monitoring of their levels has been
carried out. However, a recent study by Bimenya et al. (2007) iden-
tified DDT/DDE in fish but the analytical method did not discrimi-
nate between DDT and its metabolites. This study was undertaken
to confirm the presence of DDT by carrying out the extraction with
non-polar solvents and by analysis of DDT and its metabolites in
fish samples using a Gas Chromatograph (GC) equipped with an
Electron Capture Detector (ECD) and fitted with semi-polar col-
umn. Confirmation of the results was carried out by fitting the
GC with a non-polar column, as well as using a GC–MS.
2. Materials and methods

2.1. Study site

Fish samples were collected from Rwenshama landing site on
Lake Edward north of Kihiihi in Rukungiri District (Fig. 1). Lake Ed-
ward is the nearest water body to Kihiihi, where DDT and metab-
olites may have been eroded over a number of years as surface
runoffs from places where pest control was carried out, especially
in 1950s and the 1960s. The geographical coordinates of Kihiihi are
0�5702700 South and 29�4702300 East.

mailto:kiremire@chemistry.mak.ac.ug
http://www.sciencedirect.com/science/journal/00456535
http://www.elsevier.com/locate/chemosphere


Fig. 1. Map showing the study area.
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2.2. Sampling

A total of 68 representative fish samples: Semutundu (Bagrus
docmac), Mamba (Protopterus aethiopinus), Enjunguri (Haprochr-
omis nigripinnis), Nile tilapia (Oreochromis niloticus) and Male (Cla-
rias gariepinus) were bought from local fishermen at Rwenshama
landing site. The sampled fish had lengths of 24.5–78 cm from nose
to tail fin and weighed between 178.38 and 2638.87 g. The samples
were wrapped in aluminum foil, labeled using permanent stickers
and were then placed in polythene bags. The fish samples were
transported in cooling boxes containing ice packs to the laboratory
for identification, and later frozen at �18 �C to stop microbial
activities before extraction.

2.3. Chemicals and standards

Pesticide residue grade solvents (over 99% certified purity) were
supplied by the British Drug House (BDH, UK). The chemicals used
included ethyl acetate, cyclohexane and acetonitrile. The purity of
the solvents was checked by using a GC-ECD to ensure that no
detectable traces of pesticides were contributed by solvents. The
certified reference material CRM 430 (organochlorine pesticides)
was obtained from the Institute for Reference Materials and Mea-
surements (Geel, Belgium). Analytical standards were obtained
from Dr. Ehrenstorfer GmbH (Augsburg, Germany). The standards
were kept separately in a freezer at �18 �C before use.

2.4. Sample extraction and clean-up

2.4.1. Fish extraction procedure
Fish muscle (10 g) was weighed and ground with a known

quantity of sand and sodium sulphate to a free floating powder
using a mortar and a pestle. The powder was then extracted by
shaking with ethyl acetate (50, 20, 20 and 20 mL), respectively.
The combined extracts were concentrated using a rotary evapora-
tor at 30 �C to give fat solution. The fat solution was then dissolved
in 3 mL of cyclohexane. The latter was transferred into an extralut-
3 column and left to equilibrate for 10 min. The column was then
eluted with four portions of 5 mL of acetonitrile saturated with
cyclohexane. The extract was then kept for clean up.

2.4.2. Clean-up of fish samples
Gel Permeation Chromatography (GPC) clean-up was performed

using 50 cm � 1 cm i.d. chromatographic tube, with two adapters,
six-way valve with 1 mL sample injector loop and teflon tubing.
The extract (1 mL) was loaded in the sample loop by the use of a
syringe, while the GPC valve was at the loading position. The loop
was turned to the injection point, the extract was conveyed
through the column and eluted with cyclohexane/ethyl acetate
(1:1 v/v). Initially, the GPC was calibrated using a mixture of p,p0-
DDD and p,p0-DDT. The pesticides were eluted in the volume range
17–36 mL. During the clean up, the first fraction (16 mL) was dis-
carded. The second fraction (17–36 mL) was collected and concen-
trated for analysis. The column was cleaned with 20 mL of
cyclohexane/ethylacetate (1:1 v/v) before injection of the next
sample. The extract was evaporated and the residue dissolved in
cyclohexane (2 mL) for GC-ECD and GC–MS analysis (ÅA

0

kerblom,
1995).

2.5. Gas chromatographic analysis

Analysis of DDT and its metabolites was performed using a
Varian (CP-3800, Palo Alto, CA, USA) GC equipped with an Elec-
tron Capture Detector (ECD) and both semi-polar (CP-Sil 19 CB,



Table 1
Average percentage recoveries of DDT and metabolites from certified reference
material (CRM 430) and spiked fish samples.

Pesticide CRM 430 Fish (N = 3)

0.20 (lg kg�1) 0.50 (lg kg�1)

p,p0-DDT 85 ± 5 76 ± 3 79 ± 5
o,p0-DDT NA 83 ± 8 88 ± 7
p,p0-DDE 90 ± 3 79 ± 4 80 ± 4
o,p0-DDE NA 78 ± 4 83 ± 7
p,p0-DDD NA 88 ± 3 93 ± 5
o,p0-DDD NA 64 ± 9 88 ± 1

Results are presented as mean values of triplicate determinations (N = 3) ± standard
deviation, NA – no data were available.
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J & W Scientific, Folsom, CA, USA), and non-polar (CP-Sil 5 CB, J &
W Scientific, Folsom, CA, USA) fused-silica capillary columns of
30 m � 0.25 mm i.d. � 0.25 lm film thickness. The column tem-
perature was programmed as follows: 90 �C for 1 min,
30 �C min�1 to 180 �C, 4 �C min�1 to 260 �C, and hold for
16 min. The carrier gas was hydrogen (99.999% purity) with elec-
tronic flow control at 1.2 mL min�1. Other GC operating condi-
tions were 230 �C and 300 �C injector and detector
temperatures, respectively, and 30 mL min�1 make-up gas flow
(nitrogen). A Turbochrom (Perkin–Elmer Corporation, 1989–
1995, Norwak, CT, USA) 4.0 Chromatography station was used
for chromatographic data processing. The GC was operated in a
splitless mode and the injection volume was 1 lL for each injec-
tion. Identification and quantification were accomplished by com-
parison with standards.

An Agilent 6890N GC–MS, USA version with an HP-5MS fused
silica capillary column 30 m � 0.25 mm i.d. � 0.25 lm was used
for confirmation. The MS used was equipped with a selective mass
detector (Agilent 5975 inert XL Duadrupole, Palo Alto, CA, USA).
The initial temperature was 90 �C and it was held for 1 min and
then increased at a rate of 30 �C min�1 to 180 �C. The temperature
was further increased at a rate of 4 �C min�1 to 280 �C and held for
15 min. The injector temperature was 250 �C and the detector was
maintained at 200 �C. Helium was used as the carrier gas at
1.0 mL min�1 flow rate. The GC–MS was operated in a splitless
mode with a purge-off of 1 min and the injection volume was
1 lL for each injection. The MS solvent delay time was 3.57 min
and the scanned mass range was 50–550 m/z. The full scan ion
monitoring mode was used for the determination of DDT and
metabolites. Identification of the analytes was done using the
internal standards method. Data acquisition and processing was
achieved using GC-MSD Chemstation Software (G1701dad.02.0sp1,
JAS CWA, USA).

2.6. Analytical quality assurance

To ensure quality of residue data, a certified reference material
(CRM 430), blanks and spikes were included in the analysis. Indi-
vidual reference standards were used to identify and quantify the
levels of residues. Arithmetic means and standard deviations were
calculated from positive quantifiable samples only, and in all cases,
the differences were considered significant, if the exact p value was
a 6 0.05.

2.6.1. Limits of detection (LOD)
Limits of detection were calculated as the concentrations that

produced a signal equal to 3-times the background noise level.
The limits of detection in lg kg�1 were p,p0-DDT (0.05), o,p0-DDT
(0.06), p,p0-DDE (0.40), o,p0-DDE (0.05), p,p0-DDD (0.07) and o,p0-
DDD (0.08). Samples were considered positive when their residue
levels were PLOD.

2.6.2. Average percentage recoveries
Satisfactory recoveries with the great majority above 70% were

obtained from spiked representative fish samples in duplicate at
0.2 and 0.5 lg kg�1 (Table 1). The mean recoveries of the detected
residues in fish samples varied 64–88% at 0.2 and 79–93% at
0.5 lg kg�1, respectively. The majority of the standard deviations
were below 10%, reflecting stability of DDT and degradation prod-
ucts, especially during sample preparation and GC analysis.
Recoveries of DDT and metabolites were 85% for p,p0-DDT and
90% for p,p0-DDE. The recoveries served to ensure that the perfor-
mance of the method for each of the samples was within accept-
able limits (70–120%) for routine analysis (ÅA

0

kerblom, 1995). Since
most recoveries were above 70%, the results were not corrected
for recovery.
3. Results and discussion

3.1. Levels of DDT and metabolite residues in fish samples

The compounds p,p0-DDT, p,p0-DDE and p,p0-DDD were detected
in 40% 33% and 21% of the fish samples, while o,p0-DDT, o,p0-DDE
and o,p0-DDD were found in 10%, 31% and 21% of the samples,
respectively. The levels of DDT and metabolites were low in most
of the analysed fish species. The bioaccumulation process of these
contaminants depends on a number of factors including sex, age,
position in the tropic level, etc. (Crosly et al., 1998). The mean lev-
els of p,p0-DDT ranged from ND to 15 lg kg�1 (fresh-weight basis).
The highest p,p0-DDT levels were found in Bagrus docmac
(15 lg kg�1). The mean concentrations of Protopterus aethiopinus
and Oreochromis niloticus were 13 and 14 lg kg�1 fresh weight.
Statistical analysis showed no significant difference (a = 0.05) in
p,p0-DDT levels between the two species, although O. niloticus in
this study had greater p,p0-DDT levels than P. aethiopinus. Residue
levels for o,p0-DDT ranged from ND to 11 lg kg�1, with B. docmac
species having residue levels of 11 lg kg�1. The respective mean
concentration of p,p0-DDE were 16 and 19 lg kg�1 for B. docmac
and P. aethiopinus.

Higher o,p0-DDE residues (68 lg kg�1) were detected in most P.
aethiopinus compared to the other fish species, and this was attrib-
uted to their age. Generally, on the average this species was longer
than the other species from nose to tail fin (their lengths were 25–
27, 27–31, 53–62, 65–69 and 72–78 cm for H. nigripinnis, O. niloti-
cus, B. docmac, C. gariepinus and P. aethiopinus, respectively). The
mean levels of o,p0-DDE in B. docmac, C. gariepinus and O. niloticus
are shown in Table 2. o,p0-DDD residues were detected in less than
25% of all the samples at levels of up to 6 lg kg�1 fresh weight. The
samples of H. nigripinnis analysed had no detectable levels of DDT
and its metabolites, and this was most likely because all the sam-
pled specimens were young in which case their diet mainly con-
sisted of plankton. The presence of DDT isomers in the other fish
species is due to the fact that they feed mainly on aquatic insects,
invertebrates, fishes, terrestrial invertebrates, phyto- and zoo-
plankton. Zooplankton became more important with increasing
fish size and predominated in the diet of the largest fish.

The DDE/DDT ratio can be used to establish whether degrada-
tion of DDT is significant or not, and also whether its input oc-
curred recently or in the past. Generally, a high ratio indicates
past input of DDT, which has at the time of analysis been largely
converted to DDE. A low ratio indicates recent inputs of DDT or in-
puts of non-degraded DDT (Strandberg and Hites, 2001). The low
DDE/DDT residue ratio (0.4–0.9) in fish suggests recent input of
DDT formulations in Lake Edward. The detection of higher levels
of p,p0-DDT than p,p0-DDE and p,p0-DDD, in most fish samples, also
suggests recent exposure of fish to DDT, which has with time been
degraded by sunlight, bacteria, etc. The presence of DDT and
metabolites in fish may be due to run-off and atmospheric deposi-



Table 2
Levels of DDT and metabolites in fish samples from Lake Edward.

Pesticide Fish species

Bagrus docmac
(lg kg�1)

Protopterus aethiopinus
(lg kg�1)

Haplochromi nigripinnis
(lg kg�1)

Oreochromis niloticus
(lg kg�1)

Clarius gariepinus
(lg kg�1)

p,p0-DDT 15 ± 4 13 ± 4 ND 14 ± 4 ND
o,p0-DDT 11 ± 3 7 ± 2 ND ND ND
p,p0-DDE 13 ± 2 9 ± 3 ND 6 ± 2 ND
o,p0-DDE 8 ± 1 68 ± 3 ND 12 ± 1 19 ± 3
p,p0-DDD 5 ± 3 7 ± 5 ND 13 ± 3 ND
o,p0-DDD ND ND ND 6 ± 3 ND

Total DDE/total
DDT

0.9 0.7 _ 0.4 _

Results are presented as mean ± standard deviation, ND – not detectable.
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tion from places where DDT had been used in malaria control cam-
paigns and in agriculture.

A similar study on Lake Edward by Bimenya et al. (2007) re-
ported residue levels of DDT/DDE in B. docmac, P. aethiopinus, H.
nigripinnis, O. niloticus and C. gariepinus fish species as 22.98,
4.92, 3.94, 0.12 and ND lg kg�1, respectively. The above residues
could not be compared with the results of the present study, be-
cause the authors did not discriminate between DDT and its break-
down products. Furthermore, though no quantifiable levels of DDT/
DDE were detected in C. gariepinus by the authors, the present
study reports the mean concentrations of o,p0-DDE as 19 lg kg�1

fresh weight in C. gariepinus. DDT is broken down by sunlight to
DDE, while microorganisms degrade it to DDD. Hence, species
where DDD was detected may be benthic feeders. Generally, the
levels of DDT and its metabolites in fish from Lake Edward are sim-
ilar to those of previous studies on Lake Victoria found in literature
(Kasozi et al., 2006; Henry and Kishimba, 2006; Kyarimpa, 2007).
In both lakes, the levels of DDT and its metabolites are below the
extraneous residue limit of 5000 lg kg�1 set by the Codex Alimen-
tarius Commission of FAO–WHO, 1997.

Similar studies on determination of pesticide residues in the
Kenyan freshwater reported p,p0-DDT levels in Tilapia zilli from Riv-
er Tana as <0.003 lg kg�1, whereas its metabolites p,p0-DDE and
p,p0-DDD were 140.62 and <0.009 lg kg�1, respectively (Mugachia
et al., 1992). In comparison with the current study, the reported
p,p0-DDT levels in fish from Tana River are lower than the residues
detected in fish samples from Lake Edward. However, the p,p0-DDE
reported in the Kenyan study was more than an order of magni-
tude higher than that reported in this study. Recent studies of
DDT and metabolites in the fish from Kenya side of lake Victoria
have reported high levels of p,p0-DDD from 10.81–415.95 lg kg�1,
whereas DDT and DDE were between 6.63–104.89 lg kg�1 and
9.99–18.95 lg kg�1, respectively (Madadi, 2005).

Studies outside Africa have also reported DDT residues in fish.
In Spain levels of DDT and metabolites ranging from non-detect-
able to 2098 lg kg�1 were detected in Alburnus alburnus from River
Cinca (Agustina de la et al., 2007). Generally, higher levels were re-
ported than those obtained in this study. The levels, however, were
below the set maximum residue limits. A study carried out on Liza
aurata from Lake Ganzirri in Italy showed mean concentrations of
p,p0-DDE in the muscles and gills as 3.8 and 25.9 lg kg�1, respec-
tively (Patrizia et al., 2003). The concentrations are similar to those
detected in the current study.
4. Conclusions

The DDT residues detected in fish samples from Lake Edward
were p,p0-DDT, o,p0-DDT, p,p0-DDE, o,p0-DDE, p,p0-DDD and o,p0-
DDD. The mean concentration of DDT in fish from Lake Edward
ranged from ND levels to 68 lg kg�1 fresh weight, but the mean
residue levels were below the maximum residue limits recom-
mended by FAO/WHO Codex Alimentarius Commission indicating
that fish was safe to consume.
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