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Abstract 
The use of most organochlorine pesticides has been 
banned or restricted in the republic of Kenya under the 
Rotterdam and Stockholm convention due to high levels of 
persistence in the environment and toxicity to nontarget 
organisms. Studies conducted in some parts of the 
country have revealed that residue levels of these 
compounds are still in the environment. However, the 
residues of these compounds have not been exhaustively 
studied in the Lake Victoria catchment area. This study 
was set to investigate the residues levels of p,p-DDT, o,p’-
DDE, p,p-DDD, g-HCH, D-HCH, a-HCH, Aldrin, and 
Dieldrin, in water samples from Lake Victoria catchment. 
Samples were collected during the short rain, dry and wet 
seasons and analysed using gas chromatography 
equipped with electron capture detector. Residue levels 
ranging from below detection limit (BDL)-0.44 µg/l in river 
Nzoia water, between BDL-0.34 µg/l in river Sio water, 
BDL- 0.26 µg/l in water from Sio Port, and between BDL-
0.31 µg/l in water from lake Victoria at Marenga Beach 
were detected.  
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Introduction 
The use of chemical pesticides is still indispensable 
in Kenya, due to the hot and humid tropical 
environmental conditions that are conducive to the 
development of a myriad of pests, weeds and 
disease vectors. The public health sector in Kenya 
also heavily depends on pesticides to control vector-
borne diseases such as malaria, sleeping sickness, 
biliharziasis and filariasis through pesticide spray 
programs aimed at controlling disease vectors such 
as mosquitoes, tsetse-flies and water snails. WHO 
programs to eradicate these pests in Mwea Tabere 
settlement scheme, Kano plain and Lambwe Valley 
succeeded to make them habitable using p,p’-DDT, 
dieldrin and endosulfan, as the major pesticides 
used in the control of mosquitoes and tsetse-flies. 
However, several chemical contaminants from the 
agricultural fields, comprising of pesticides and other 
agrochemicals have been reported in the drainage 
systems and are likely to jeopardise the quality of 
the water bodies that support the fishery industry 
and are used for domestic human consumption. The 
use of the pesticides poses a great challenge to the 
country to develop satisfactory techniques that can 
combine optimal agricultural productivity and 
environmental protection. 

Earlier studies conducted by Mitema and Gitau 
(1990) detected low levels of -BHC, -BHC, aldrin, 
dieldrin, lindane, and p,p’-DDT in Nile perch from 
Lake Victoria. The p,p’-DDT and its metabolites 
formed the largest proportion of the organochlorine 

pesticide residues in the fish samples. The presence 
of these residues was attributed to the previous use 
of the pesticides in agriculture and aerial control of 
mosquitoes in the Lake Victoria region. Mugachia et 
al., (1992b), showed presence of organochlorine 
pesticide residues in six species of fish from the Athi 
River estuarine. They reported presence of p,p’-
DDE, p,p’-DDT, p,p’-DDD, -HCH, -HCH, heptachlor 
to o,p’-DDD in samples. Currently information on 
pesticide residues in the Lake Victoria catchment is 
fragmentary and inadequate. There is need for data 
on persistent organic pesticides in the drainage 
system of Lake Victoria for proper management of 
the lake water quality, and sustainability of the lake 
ecosystem. This study was set up to survey the 
levels of organochlorine pesticides in the Lake 
Victoria catchment comprising of Rivers Sio and 
Nzoia. 

Materials and methods 
High quality pesticide standards of aldrin, dieldrin, 
p,p’-DDT, o,p-DDE, p,p’-DDD, α-HCH, -HCH, and -
HCH of purity over 99 % were used for identification 
and quantification of residues in the field samples. 
The pesticide standards were obtained from Dr 
EHRENSTORFER GmbH, (Ausburg, Germany). 
Other consumable chemicals were of analytical 
grade purchased from local suppliers. The field 
samples were collected from 12 points located on 
River Nzoia, River Sio and Lake Victoria. The 
sampling points along River Nzoia included Webuye 
(4), Mumias (5) and Port Victoria (6), whereas those 
along River Sio included Alatsi (1), Nambale (2) and 
Luanda (3). The points selected along Lake Victoria 
were distributed at Sio Port (7, 8 and 9) and 
Marenga Beach (10, 11, and 12) (Figure 1). Field 
sampling was done thrice, covering the short rain, 
dry, and wet seasons. The water was sampled by 
grab method into 2.5 L amber bottles, which had 
been pre-washed with distilled water and dried. 
Each water sample was treated with 1 g mercuric 
chloride, and mixed for 5 minutes to kill 
microorganisms that could degrade the pesticides. 
The sterilised water samples were kept in icebox 
containing wet ice during the sampling trip and later 
stored in a refrigerator at 40 C after sampling trip 
prior to extraction. Solvent-solvent extraction method 
was used in extraction of all the samples. 2.0 litres 
of water was transferred into a separatory funnel 
and pH measured. 50ml of 0.2 M disodium hydrogen 
phosphate buffer was added to the sample, and pH 
adjusted to 7 by adding drops of 0.1 N sodium 
hydroxide and HCL solutions. The neutralised 
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sample was treated with 100 g sodium chloride to 
salt out the pesticides from the aqueous phase. 60 
ml triple distilled dichloromethane was added and 
shaken for two minutes while releasing pressure. 
The sample was allowed to settle for 30 minutes to 
enhance separation of the phases. The organic layer 
was collected in 250 ml Erlenmeyer flask and stored 
at 40 C in a refrigerator. The extractions were 
repeated twice using 60 ml portions of 
dichloromethane, the extracts combined and 
cleaned by passing through florisil column. The 
clean extracts were concentrated on a rotar 
evaporator to near dryness and reconstituted in 
HPLC hexane to 5 ml. The final samples were 
analysed by a Varian Chromapack CP-3800 gas 
chromatograph equipped with electron capture 
detector.  

Quality control and quality assurance procedures 
included replicate sampling, extraction and analysis 
for all samples. Extraction of the water samples also 
incorporated studies of spiked samples to determine 
the recovery rate of the method used. This was 
accomplished by spiking 1L distilled water with 
respective standards of pesticides under 
investigation to obtain 0.1 µg/l final concentration, 
and following the same extraction and analytical 
procedures as for the samples. Pure distilled water 
samples were also incorporated as blanks, and 
these together with external standards were used to 
determine the detection limit of each pesticide 
investigated.

 

Figure 1 Map of Lake Victoria catchment showing sapling points.  

 

 

Results 
High recovery rates were obtained using solvent-
solvent extraction method. The average recovery 
rates for the analysed pesticides were α-HCH 95.62 
%, β-HCH 93.22 %, γ-HCH 96.52 %, p,p’-DDT 97.53 
%, o,p’-DDE 97.11 %, p,p-DDD 98.25 %, aldrin 
88.59 %, and dieldrin 96.24 %. These were good 
recoveries in relation to the recommended rate that 
ranges between 70 to 120 %. The detection limits for 
analysed pesticides ranged from 0.001 to 0.004 µg/l. 

Organochlorine pesticide residues detected in water 
collected during short rain season were higher in 
river samples compared to the levels detected in the 
lake water samples. The residue levels ranged 
between 0.01-0.34 µg/l in water from river Sio, 0.01-
0.44 µg/l in river Nzoia water samples, 0.01-0.26 
µg/l in water from Lake Victoria at Sio Port and 
between 0.01-0.31 µg/l in water samples from Lake 
Victoria at Marenga Beach. p,p’-DDT, o,p’-DDE, 
p,p’-DDD and dieldrin constituted the highest 
residues detected during the short rain season, 
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whereas -HCH was the least (Figure 2). The 
residues levels of DDT and HCH were both below 

the WHO recommended guidelines except for aldrin 
and dieldrin (Figure 2). 
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Figure 2. Levels of organochlorine pesticide residues in water during short rain season (µg/l) (WHO values 
for DDT & γ-HCH x10).  

Residues detected in water samples collected during 
the dry season ranged from 0.01-0.20 µg/l in water 
samples from river Sio, 0.01-0.21 µg/l for river 
Nzoia, 0.01-0.09 µg/l in water from Lake Victoria at 
Sio Port and 0.01-0.31 µg/l in samples from Lake 
Victoria at Marenga Beach. DDT and HCH were 
both below the WHO recommended guidelines 
whereas aldrin and dieldrin were both above the 
recommended values (Figure 3). The residue levels 
detected in the water samples collected from the 
river were higher than those detected in the lake 

water samples except for p,p’-DDT, o,p-DDE, and 
p,p-DDD. This could not be explained by either 
effect of the input from the rivers since the river 
samples were at lower concentration. No recent 
input from anthropogenic sources could be attributed 
to since p,p’-DDD, the metabolite of p,p’-DDT was 
much higher than the original compound p,p’-DDT. 
As a consequence the trend was attributed to the 
contribution from other smaller streams or 
desorption from sediments bound residues. 
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Figure 3. Organochlorine pesticide residues in water during dry season (µg/l) (WHO values for DDT & -HCH 
x10).  

The residues levels detected in water collected in 
wet season ranged from BDL-0.17 µg/l for river Sio, 
and from BDL-0.18 µg/l for river Nzoia. Samples 
collected from the lake showed lower residues levels 
ranging from BDL-0.12 µg/l in samples from Sio 
Port, and BDL- 0.31 µg/l in samples collected from 
Marenga Beach. Aldrin and dieldrin residues were 
the highest of all detected organochlorines. A similar 
trend of residue levels as for the short rain seasons 
was observed with most of residue levels in the river 
samples higher than those detected in the lake 

water samples (Figure 4). The residues of DDT and 
HCH detected during the wet seasons were below 
the World Health Organization (WHO) 
recommended guidelines in all the sampling points. 
However the levels of dieldrin and aldrin were above 
the recommended WHO limits (Figure 4). Based on 
the detected residues of dieldrin, which were higher 
than those for aldrin, the levels detected were 
attributed to the previous use of the aldrin in the 
region. The detected levels of -HCH found to be 
lower that those for -HCH indicating that some 



 

 110

farmers might be illegally using lindane. Lindane 
was initially used for seed dressing to protect crops 
against termites. However its agricultural use has 

been banned in the country due to persistence and 
toxicity to the untargeted organisms. 
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Figure 4. Organochlorine pesticide residues in water during wet season (µg/l) (WHO values for DDT & -HCH 
x10). 

Analysis of seasonal variations of the residue levels 
across the three seasons indicated that samples 
collected from river Nzoia during the short rain 
season contained the highest amount of pesticide 
residues except for aldrin while the dry and wet 
seasons had higher aldrin concentrations. For all the 
three seasons, residue levels of HCH and DDT were 
below the WHO recommended guidelines for 

drinking water (Figure 5). The high levels of residues 
detected during the short rain season compared to 
the dry season were attributed to the runoff from the 
fields where those compounds were previously 
applied. On the other hand the low residue levels 
detected during the wet season compared to the 
short rain season could be attributed to dilution 
effects based on large volumes of rainwater. 

 

0

0.1

0.2

0.3

0.4

0.5

C
O

N
C

 (u
g/

L)

a-
H

C
H

§-
H

C
H

?-
H

C
H

p,
p'

-D
D

T

o,
pÕ

-D
D

E

p,
p'

-D
D

D

A
ld

rin

D
ie

ld
rin

PESTICIDES

SHORT
RAIN
DRY
SEASON
HEAVY RAIN

WHO LIMIT

  
Figure 1.5 Seasonal variations of pesticide residues in river Nzoia (µg/l) (WHO values for DDT & γ-HCH 
x10). 

Comparison of the pesticide residues detected in 
river Sio against seasonal variations indicated that 
samples collected during the short rain season 
contained higher residue levels compared to dry and 
heavy rain seasons (Figure 6). The trend observed 
in residue levels in samples from river Sio was 
similar to that observed for river Nzoia with the 
highest residue levels detected during the short rain 

season. Based on individual pesticide residues from 
river Sio, dieldrin and aldrin constituted the highest 
residues detected followed by DDT and to its 
metabolites and lastly the HCHs. This was attributed 
the fact that aldrin and DDT were the main 
pesticides previously applied in the region on large 
scale.

 

 



 

 111

 

 

0

0.1

0.2

0.3

0.4

C
O

N
C

 (u
g/

L)

a-
H

C
H

§-
H

C
H

?-
H

C
H

p,
p'

-D
D

T

o,
pÕ

-D
D

E

p,
p'

-D
D

D

A
ld

rin

D
ie

ld
rin

PESTICIDES

SHORT RAIN

DRY
SEASON
HEAVY RAIN

WHO LIMIT

 
Figure 6 Seasonal variations of pesticide residues in river Sio (µg/l) (WHO values for  DDT & -HCH x10). 

Analysis of seasonal variations and pesticide 
residues detected in the water samples collected 
from Lake Victoria at Sio Port showed that samples 
collected during the short rain season contained 
higher pesticide residues than those collected during 
the other two seasons (Figure 7). DDT and HCH 
residues were both below the WHO recommended 
guidelines whereas aldrin and dieldrin were slightly 
above the recommended levels. Comparison of 

dieldrin and aldrin ratio (dieldrin/ aldrin) gave value 
greater than 1 indicating that the detected residues 
were not likely to be from the recent applications of 
aldrin in the region. Similar trend was observed in 
samples collected from Lake Victoria from Marenga 
Beach where samples collected during short rain 
season contained the highest residues levels 
compared to dry and wet seasons. 
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Figure 7 Seasonal vari ations of pesticide residues in Lake Victoria at Sio Port (µg/l) (WHO values for DDT & 
-HCH x10). 

Discussion 
In general, the total residues of DDT, HCH, were 
below the WHO guidelines limit for drinking water, 
whereas aldrin and dieldrin were slightly above the 
recommended values. The residue levels reported in 
this study were lower than those reported in marine 
environment at the Kenyan coast by Wandiga et al., 
(2002), and Getenga et al., (2004) in Lake victoria 
basin. The differences could be attributed to 
variations in geographical locations, time differences 
in terms of the period of study, and the extent of 
previous use of these pesticides. Other studies 
aimed at providing baseline information on the 
current levels of organochlorine pesticides in the 
aquatic system of Lake Victoria showed ratios of 
DDT to DDE suggesting previous use of the 
pesticides, and significant use of lindane and 
endosulfan within the Lake Victoria region (Kasozi, 

2001; Mbabazi, 1998). This may explain the trend 
observed in this study, especially the residue levels 
of HCH, which could be still illegally used by some 
farmers.  

In comparison to studies carried out in other 
countries; Mwevura et al., (2002) reported lower 
frequencies of organochlorine pesticide residues of 
p,p’-DDT (25%); p,p’-DDE (37%) during dry season, 
and higher frequencies during wet season giving 
frequencies of p,p’-DDT (81%); p,p’-DDE (100%); 
dieldrin (100%) and -HCH (6%) in samples from the 
coastal area of Dar es Salaam, Tanzania. The 
concentrations of dieldrin, and p,p’-DDD were 
notably higher than aldrin and p,p’-DDT, 
respectively, in most of the samples. Since the later 
are their degradation products, this indicated 
possible transformation process taking place on p,p’-
DDT and aldrin previously used in the region. Earlier 
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studies showed that the ratios of DDE/DDT, -
BHC/lindane, dieldrin/aldrin, and heptachlor 
epoxide/heptachlor in soil can be used as indicators 
to recent use of DDT, lindane (-BHC), aldrin, and 
heptachlor in the environment, whereby low ratios, 
particularly<1, indicate recent applications 
(Gonzalez et al., (2003). The calculated values in 
this study gave dieldrin/aldrin =1.72; and -HCH/-
HCH = 0.43. Based on this hypothesis, there had 
been no recent applications of aldrin except for -
HCH. The values for DDE/DDT were not exhaustive 
since only o,p’-DDE was analysed in this study. 
However, the value obtained for p,p’-DDD/DDT was 
1.5. 

The major sources of organochlorine pesticide 
residues in the Lake Victoria region are previous 
agricultural activities and aerial sprays in public 

health vector control. DDT was extensively applied 
in aerial sprays against mosquitoes to control 
malaria (Mitema & Gitau, 1990), whereas aldrin and 
dieldrin are used in termite control in building 
industry (Getenga et al., 2004). The public use of 
these compounds was banned or restricted in 
Kenya.  

Acknowledgement 
The authors of this paper would like to acknowledge 
Kenya Plant Health Inspectorate Services (KEPHIS) 
for the assistance of pesticide standards that were 
used for screening the pesticide residues in the field 
samples. DAAD (German Academic Exchange 
Service) is acknowledged for the scholarship, which 
contributed to the success of this work. 

 

References 
Getenga, Z. M., Kengara F. O. & Wandiga S. O., 2004. Determination of organochlorine pesticides in soil and water from 

river Nyando Drainage System Within Lake Victoria Basin, Kenya. Bull. Environ. Contam. Toxicol 72 (2): 335-342. 
Gonzale, M., Karina S. B. M., Julia E. A., Victor J. M., 2003. Occurrence and of organochlorine pesticides in tomato 

(Lycopersicon esculentum) crops from organic production. J. Agric Food Chem. 51: 1353-1359. 
Kasozi, G. N., 2001. Analysis of organochlorine pesticide residues in the aquatic ecosystem of Lake Victoria. M. Sc. 

Thesis Makerere University. Kampala, Uganda. 
Mbabazi, S. B., 1998. Levels of lindane in soil, plants, and selected soil fauna in a sprayed in maize agroecosystem. M. 

Sc. Thesis, Makerere University. Kampala, Uganda. 
Mitema, E. S. & Gitau F. K., 1990. Organochlorine residues in fish from Lake Victoria, Kenya. Afri J. Ecol. 28(3): 234-

239. 
Mugachia, J. C., Kanja L., & Maitho T. E. 1992b, Organochlorine pesticides in Estuarine fish from the Athi River, Kenya. 

Bull Environ. Contam Toxicol. 49(2): 199-206. 
Mwevura, H., Othman O. C. & Mhehe G. L., 2002. Organochlorine pesticide residues in waters from the Coastal area of 

Dar ES salaam and their effect on aquatic biota. Tanz. J. Sci. 28(2): 117-130. 
Wandiga, S.O., Yugi P. O., Barasa M. W., Jumba I. O.& Lalah J. O., 2002. The distribution of organochlorine pesticides 

in marine samples along the Indian Ocean Coast of Kenya. Environmental Toxicology. 23: 1235-1246. 




