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Lake Victoria is the second largest fresh water lake in 
surface area in the world, second only to Lake Superior 
in North America; and has the world’s largest freshwater 
fishery (LVEMP 2003). The Nile perch was introduced to 
the lake in 1954 to support an economically and socially 
important fishery export for the riparian countries, and has 
thrived remarkably well (LVEMP 2003). The lake has a wide 
drainage area of slightly more than 193 000 km2 spreading to 
five countries, including Rwanda and Burundi, and supports 
the livelihood of more than 30 million people. Being the 
source of the White Nile River, it is therefore an important 
asset for all the countries within the Nile River Basin, 
including Egypt (LVEMP 2003). The lake’s flushing time 
(volume/average outflow) is 138 years, and its residence 
time is 21 years. Because of this long retention time, pollut-
ants entering the lake remain for a long time (LVEMP 2003).

The Committee for Inland Fisheries of Africa (CIFA) 
meeting held in Mwanza, Tanzania in 1989 noted the 
pollution problems were attributed to drainage water and 
run off into Lake Victoria by Kenyan rivers, as it has six 
major rivers draining pollutants into the lake. Winam Gulf 
was noted to be the most polluted catchment area on the 
Kenyan side (Calamari et al. 1995). Winam Gulf catchment 
has a total area of 11 994 km2 and comprises the North 
and Southern Lakeshores, Nyando and Sondu-Miriu River 
catchments (LVEMP 2003).

All land uses in the Lake Victoria catchment in one way 
or another, affect the quality of the lake’s water and that 
of its tributaries. For example, bad agricultural practices, 
such as cultivating on slopes adjacent to rivers and on 

river banks have caused massive soil erosion (Abong’o 
et al. 2015a). As a result of this, the rivers in Lake Victoria 
catchments are carriers of both sediments and nutrient loads 
that choke the lake (Shepherd et al. 2000, LVEMP 2003), 
with the Nyando and Kagera Rivers being more prominent. 
Sediments are the main carriers of pesticide residues, 
and organic and inorganic pollutants into the lake (LVEMP 
2003). This has created a significant pollution problem that 
threatens the exploitation of the lake’s water resources for 
national development. The Kenyan rivers flowing into the 
lake contribute a mean total volume of 7.3 billion m3 water y−1 
(Calamari et al. 1995). The main ones are Sio, Nzoia, Yala, 
Sondu-Miriu, Nyando and Gucha/Migori Rivers; and between 
them are many minor streams (Calamari et al. 1995).

Studies aimed at providing baseline information on the 
levels of organochlorine pesticide residues in the aquatic 
system of the lake showed previous use of DDT and signifi-
cant use of lindane and endosulfan within the Lake Victoria 
basin in Uganda (Mbabazi 1998; Kasozi 2006). Pollution 
of lake waters by pesticides has also been reported on the 
Tanzanian side of the lake in various studies (IUCN 1992; 
Cru Ruud 1995; Kashimba et al. 2004). The Ugandan part 
of the Lake Victoria has also been found to have pesticides 
used for killing bird pests (Sentongo 1998) and in fishing 
(Orgaram 1992). The organochlorine pesticides that have 
either been banned or are restricted for use in Kenya 
include DDT, lindane, aldrin, dieldrin, heptachlor, endrin, 
endosulfan and methoxychlor. Prior to their ban or restric-
tion in use, they had found wide applications in public health 
for control of disease vectors and in agriculture for control 
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of crop pests. Their breakdown products have also been 
reported in the environment and are more persistent than 
the parent compounds (Lalah et al. 2001).

Aldrin has been widely used to protect crops, such as 
corn and potatoes, and has been effective in protecting 
wooden structures from drainage by termites. Its use has, 
however, been banned in Kenya (Abong’o et al. 2015a). 
Aldrin is rapidly metabolised to dieldrin, by both plants and 
animals, but because of its persistent nature and hydropho-
bicity, it is known to bioconcentrate, mainly as its conversion 
products (ATSDR 2005). DDT is used in controlling the 
malaria vector in the public health sector, its formulation 
contains the p’-p’ and o’-p’ isomers and therefore both have 
to be determined during DDT quantification in any medium. 
In addition, the two main metabolites, DDE and DDD 
(sometimes called TDE) are also commonly determined, 
because both of these compounds can be produced from 
the p’-p’ and o’-p’ isomers of DDT (Cox 2002). Heptachlor 
is rapidly hydrolysed in water to give an intermediate 
that is converted to the epoxide. In animals, heptachlor 
metabolises to the epoxide, which can be found in most 
body organs, but it particularly accumulates in body fats. 
Endosulfan is soluble in water and the main metabolite is 
endosulfan sulphate, which is degraded more slowly and 
is therefore an important metabolite to analyse (Cox 2002).

Environmental fate of organochlorine pesticides has 
become an issue not only in Kenya, but also in many 
developing and developed countries. Despite the official ban 
and restriction on these pesticides in Kenya in 1986, they 
are still being detected in the environment (Lalah et al. 2001; 
Abong’o et al. 2015a). Because of their environmental and 
health implication, there is a need to monitor their residue 
levels and that of their metabolites in the environment.

In May 1999, press reports indicated that fish were 
being harvested from the Lake Victoria by use of 
endosulfan insecticide. This resulted in the imposition of 
a fish import ban by the European Union (EU) on all fish 
from Lake Victoria (European Commission 1999). The 
EU demanded that Kenya, Uganda and Tanzania submit 
a list of all chemicals sold in the region, their toxicity to 
humans and their persistence in fish and water before 
any negotiations begun. Total loss of income because of 
the ban was estimated to be more than US$ 300 million 
in 1999 (European Commission 1999). Within the Kenyan 
lake basin, pesticides and fertilisers have been increas-
ingly used to boost agricultural products (Getenga et al. 
2004; Abong’o et al. 2014). Increased run-off laden with 
pesticides and fertilisers from these farms is inevitably 
finding its way into Lake Victoria through the rivers draining 
the basin (Abong’o et al. 2015a). Inevitably the residues 
are finding their way into the lake waters (Calamari et al. 
1995; Getenga et al. 2004; Abong’o et al. 2015a). There 
is no evidence that a comprehensive analysis of pesticide 
use, distribution and fate has been done on water, fish and 
environment in Lake Victoria or any of its drainage systems 
to date. There is very little information on Lake Victoria and 
its waterways (Getenga et al. 2004; Abong’o et al. 2014; 
Abong’o et al. 2015a). Lack of this information has resulted 
in the absence of surveillance programs for pesticide 
residue levels in the agricultural and fisheries products from 
the Lake Victoria basin.

Because of the CIFA concerns in 1989, the imposition 
of fish import ban by the EU in 1999 and evidence from 
scarce data available from studies conducted within the 
lake basin (Getenga.et.al. 2004; Abong’o et al. 2015a), it 
is important to focus on the pollution status of the Winam 
Gulf catchment with special emphasis on the Nyando River 
drainage basin. Monitoring of Nyando River, which is the 
major Kenyan river source of sedimentation into the lake, is 
important for the restoration and management of the lake as 
part of a long-term strategy to conserve ecology in the lake 
basin. If a well-targeted comprehensive analysis is done 
for one drainage system, for example, the result forms the 
basis for the study of the other waterways and that of the 
entire lake itself.

Materials and methods

Study area
The Nyando River (Figure 1) has a total length of 170 km 
and a catchment area of 3 450 km2. The catchment area 
lies between 0°25′ S to 0°10′ N and 34°50′ W to 35°50′ E. 
The river has two main tributaries, small Nyando (Kericho-
upper Nyando) and Ainamotua River (Nandi-lower Nyando). 
The Nyando basin drains major agricultural and industrial 
zones of western Kenya and has the highest average 
sediment transport capacity index (0.30) and average 
slope (5%) of all rivers draining into Lake Victoria (LVEMP 
2003). There are severe widespread land degradation 
problems throughout the Nyando River basin, which affect 
an estimated 1 444–1 932 km2 of its area (Odada et al. 
2009). The principal causes of erosion in the basin include 
deforestation of the headwaters and slash-and-burn agricul-
tural activities that cover extensive areas of fragile lands 
on both hill slopes and plains. The deforestation is coupled 
with loss of watershed filtering functions through encroach-
ment on the wetlands and loss of riverine vegetation 
(Abong’o et al. 2015b).

Sampling plan and sites
Two areas of the Nyando River basin were investigated: 
the Kericho-Upper Nyando and Nandi-Lower Nyando 
Subcatchments. Twenty-six sampling sites represent-
ative of the study area were identified by the Lake 
Victoria Environment Management Project (LVEMP) 
Pollution Loading Component in Kenya (Figure 1). Sites 
1 to 14 were identified in the Kericho-Upper Nyando 
Subcatchments, whereas Sites 15 to 33 was for the 
Nandi-Lower Nyando basin (Table 1). Water, sediment 
and aquatic weed samples were collected from the sites. 
The sampling was done twice, in February and May 2005, 
and repeated in 2006 to capture the effects of different 
seasons and farming activities on residue levels of the 
pesticides. Samples collected in February were mainly 
to capture the effects of dry season (January–February) 
when farmers plough the farms and apply the pesticides 
to soil to kill soil dwelling pests prior to planting in March 
and April. Samples collected in May were to capture 
the effects of the long rains (wet season) on pesticides 
applied with pre and post-emergence. Typically, February 
and May are the driest and wettest months, respectively 
(Abong’o et al. 2015b).
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Materials
Chemicals used were of analytical grade or equivalent 
and were obtained from international suppliers, including 
Fisher Scientific (USA), Aldrich Chemical Company and 
BDH (United Kingdom). Organochlorine pesticide reference 
standards were obtained from Dr Ehrenstorfer GmbH 
Company (Germany). All the general purpose solvents 
(acetone and hexane) used were triple distilled before use. 
Other solvents, such as diethyl either and HPLC grade 
hexane 99%), were used as supplied. However, purity 
of the HPLC grade hexane was confirmed by concen-
trating the solvent and running its Gas Chromatogram to 

determine whether there were any peaks other than those 
of the solvent. Sodium chloride and activated charcoal were 
baked at 120 °C in a Mermmert oven for at least two hours 
and cooled in desiccators before use. Florisil and anhydrous 
sodium sulphate were activated at 350 °C and 200 °C, 
respectively, before use for the clean-up process (UNESCO 
1993). Detergents for washing glassware were bought from 
suppliers in Nairobi. Cleared glassware and crucibles were 
soaked in chromic acid for at least two hours, washed with 
tap water, rinsed with distilled water, and finally with triply 
distilled methanol. The apparatus were then dried in a 
Gallenkamp oven for 4–5 hours at 105 °C before use.

Site no. Name
Coordinates Altitude

Human activities around the site
Latitude Longitude (m)

1 Kedowa at bridge 00°14'02.4'' S 35°32'42'' E 2 290 Subsistence agriculture and depleted forest cover

3 Masaita at dam 00°08'06'' S 35°36'07.2'' E 2 310 Subsistence agriculture and depleted forest cover

4 Masaita at Londiani Township 00°09'46.8'' S 35°32'09.6'' E 2 290
Human settlement, subsistence agriculture on river 

banks, cattle and sheep watering, raw sanitation 
effluent discharge into the river

5 Masaita at Lambel Farm 00°11'24'' S 35°32'09.6'' E 2 050 Cattle grazing, recreation
6 Kipchorian at Tuiyobei 00°11'49.2'' S 35°30'43.2'' E 2 000 Subsistence agriculture

7 Kimoson 00°12'25.2'' S 35°27'50.4'' E 1 920
Subsistence agriculture on the river banks, cattle 

and sheep watering

8 Nyando at Kipkelion 00°12'25.2'' S 35°27'43.2'' E 1 920
Subsistence agriculture on the river banks, cattle 

watering, recreation
9 Tugunon at bridge 00°15'00'' S 35°24'54'' E 2 000 Subsistence agriculture
10 Namting at Fort Ternna 00°12'14.4'' S 35°20'49.2'' E 1 560 Sugarcane farming, subsistence agriculture

11 Murgut at Koru 00°12'50.4'' S 35°19'08.4'' E 1 500
Sugarcane farming, subsistence agriculture and 

recreation

12 Pararget at bridge 00°12'43.2'' S 35°18'03.6'' E 1 500
Sugarcane farming, subsistence agriculture on river 

banks and recreation

13 Homa Lime 00°11'2.4'' S 35°17'56.4'' E 1 320
Sugarcane farming, subsistence agriculture on river 

banks, discharge of factory effluent from calcium 
carbonate factory

14 Nyando at Muhoroni bridge 00°09'57.6'' S 35°11'02.4'' E 1 280
Sugarcane farming, subsistence agriculture on river 

banks, recreation
Nandi-Lower Nyando Subcatchment
15 Nyando at Ogilo 00°09'57.6'' S 35°9'43.2'' E 1 190 Sugarcane farming, subsistence agriculture, recreation
16 Nyando at Ahero bridge 00°10'19.2'' S 35°55'15.6'' E 1 170 Human settlement, livestock rearing, subsistence 

agriculture, solid wastes on river banks coupled 
with recreation

17 Nyando at dykes 00°12'3.6'' S 34°55'44.4'' E 1 150 Constructed dykes, discharge raw domestic sanitation 
from Ahero town, cattle watering and recreation

18 Awach Kano 00°14'2.4'' S 34°57'25.2'' E 1 150 Irrigated rice farming. cattle watering coupled with 
subsistence agriculture and recreation

19 Ainamutua-Kibigori 00°04'33.6'' S 35°03'21.6'' E 1 210 Sugarcane farming, cattle watering and 
Subsistence agriculture and river sand harvesting

21 Mbogo 00°03'39.6'' S 35°08'52.8'' E 1 270 Sugarcane farming, subsistence agriculture on river 
banks, recreation

22 Anopsiwa 00°01'48'' N 35°07'04.8'' E 1 320 Large scale sugarcane farming, river sand 
harvesting and recreation

23 Anopngetuny 00°01'40.8'' S 35°07'04.8'' E 1 330 Large scale coffee and sugarcane farming,
25 Chemwanabei 00°03'54'' N 35°07'04.8'' E 1 820 Large scale tea farming
26 Kapngorium at Bridge 00°03'14.4'' N 35°06'00'' E 1 850 Human settlement, large scale tea farming, 

subsistence agriculture, raw effluent from tea factory
27 Kundos at Bridge 00°03'03.6'' N 35°03'43.2'' E 1 850 Large scale tea farming, subsistence agriculture
30 Chebirirkut at dam 00°02'13.2'' S 35°20'52.8'' E 1 820 Forest, no human settlement or activities
33 Ahero irrigation channel 10°19'12.0'' S 34°54'28.8'' E 1 150 Irrigated rice farming, cattle watering and recreation

Table 1: Description of sampling sites in the Nyando River catchment
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Water sampling, extraction and analysis
Triplicate water samples were collected from each sampling 
site by grab sampling method into labelled 2.5 litre amber 
glass bottles. For recovery studies, one of the samples was 
spiked with 10 ml of 100 mg l−1 of the pesticide standard 
mixture. Sodium chloride (100 g) was added to all samples 
for preservation and temporarily stored in polyurethane cool 
boxes containing dry ice for transportation to the laboratory. 
Extraction of water samples was done using the US EPA 
Method 3510 C (USEPA 1996). In all, 2 litres of each sample 
were transferred to 3 litres beaker. 50 ml of 0.2 M dipotas-
sium hydrogen phosphate buffer was added and the mixture 
stirred and the pH recorded, then adjusted by adding drops 
of 0.1 N hydrochloric acid (HCl) or 0.1 M sodium hydroxide 
solutions (NaOH) with stirring to pH 7.0. The neutral solution 
was then transferred to a 2–litre separating funnel and shaken 
with 100 g of activated sodium chloride (NaCl). The function of 
NaCl was to salt out the pesticides from the aqueous phase to 
organic layer. The mixture was then extracted by shaking with 
60 ml triple distilled dichloromethane and allowed to settle for 
30 minutes to enhance separation of the layers. The extraction 
was performed in triplicate.

The organic layer extract was separated and dried using 
activated anhydrous sodium sulphate (Na2SO4), with 2 ml 
of isooctane added as a keeper. The function of isooctane 
was to prevent samples from running dry, depending on 
final volume. The extract was concentrated to about 3 ml 
using LABCONCO rotator evaporator. The concentrate was 
cleaned by passing through alumina chromatographic column 
25 cm long × 1.5 cm inside diameter packed in succession 
with 1 g of activated anhydrous Na2SO4, 15 g of deactivated 
alumina, and 1 g of activated anhydrous Na2SO4, contents 
were then preconditioned by draining 15 ml of HPLC grade-
hexane though the column. The extract was eluted with 
165 ml of the HPLC grade-hexane into a precleaned round 
bottom flask. Iso-octane (2 ml) was added to the eluent 
as a keeper and contents concentrated to about 1 ml using 
the rotary evaporator. The concentrate was then transferred 
into a clean preweighed auto sample vial and concentrated 
further to 0.5 ml under a gentle stream of white spot nitrogen 
for GC analysis. Reference standards of each organochlorine 
pesticide were used for calibration in the various steps of the 
analysis. For each sample, 1 µl was injected into the Varian 
Chrompack CP-3800 Gas Chromatograph (GC) and eluted, 
using helium as the carrier gas. Data processing was done 
using Star Version 5.4.

Sediments sampling, extraction and analysis
Six cores of sediment were scooped within a length of 
50 m below the water surface from left bank, midstream 
and right river bank using Ekman sampler (Cox 2002). The 
samples were thoroughly mixed and four replicate portions 
of approximately 100 g each were subsampled. Two of the 
replicate samples were each wrapped in aluminium foil, 
labelled and placed in black plastic bag before transferring 
to a labelled self-sealing polythene bag. Each sealed bag 
was enclosed in a plastic container with lid and transported 
in polyurethane cool-boxes containing dry ice prior to the 
laboratory for analysis. The other two replicates were 
treated for field recoveries. They were placed in aluminium 
foil and spiked with 4 ml of 100 mg kg−1 of desired pesticide 

standard mixture and packed as for Batch A. In the labora-
tory, samples were stored at ≤19 °C awaiting extraction and 
analysis, extraction was done within 10 days. Samples were 
left to thaw overnight and air dried. Pebbles, stones, and 
plant materials were removed from the air dried samples. 
The samples were crushed and homogenised in mortar 
and pestle and sieved through 250 µm mesh sieve. A tripli-
cate 10 g portion of each sample was thoroughly mixed with 
the equivalent amount of activated anhydrous Na2SO4, and 
transferred to extraction Soxhlet thimble.

Isodrin solution was added as an internal standard (100 µl 
of 0.01 mg l−1) contents mixed and then extracted using the 
EPA method 3540. The extracts were then concentrated 
to 2 ml, mixed with 2 ml isooctane, and further concen-
trated with a LABCONCO rotary evaporator. The concen-
trate was transferred into a 10 ml glass sample vials, which 
had been precleaned with 2 ml HPLC-grade hexane and 
taken for the clean-up process. To remove any sulphur from 
the sediment sample extracts, approximately 1 g of freshly 
activated copper powder was added. The mixture was 
filtered through a glass funnel containing glass wool and 2 g 
of activated anhydrous Na2SO4 added. 5 ml of HPLC grade 
hexane was used to recondition the filter funnel prior to use 
for filtration. The sample extract was eluted thrice with 20 ml 
of HPLC grade-hexane into round bottom flask, concen-
trated to about 3 ml, cleaned by eluting through the alumina 
chromatographic column, as in the case when using water, 
concentrated to about 1 ml using the rotary evaporator, 
and finally transferred to sample auto vials. The eluent was 
concentrated to 0.5 ml under a gentle stream of nitrogen 
and taken for analysis by GC.

Aquatic weeds sampling, extraction and analysis
Aquatic weeds samples at each site were harvested using 
a stainless steel knife, wrapped in pre-extracted aluminium 
foil and transferred to labelled self sealing polythene bags 
prior to transportation to the laboratory. Portions of the 
samples were taken to the University of Nairobi’s Herbarium 
for taxonomic identification, whereas the remaining were 
thoroughly washed with methanol to remove soil particles 
and then dried in an oven at 50 °C. The dried samples 
were chopped and minced, 10 g of minced samples were 
weighed in triplicate and each Soxhlet extracted according 
to the USEPA method 3510, using a mixture of hexane and 
acetone in 3:1 (v/v ratio), respectively for sixteen hours. 
Each extract was rotary evaporated to about 10 ml, cleaned 
by eluting through alumina chromatographic column, as 
in the case when using water. Then, 2 ml of iso-octane 
was added to each extract, and the mixture shaken and 
concentrated to about 1 ml. Contents were transferred to 
a clean preweighed auto sample vial and concentrated to 
0.5 ml under a gentle stream of white spot nitrogen before 
GC analysis.

Data analysis
The data obtained was analysed using statistical 
programme for social scientists (SPSS 22) to establish 
relationship between pesticide residue levels in the samples 
from different sampling sites and the sampling seasons. 
Bivariate correlation coefficients were established using 
the Pearson product-moment correlation coefficient, R, a 
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dimensionless index, whose value is in the range −1.0 ≤ 
R ≤ 1.0.

Results

Percentage recoveries of organochlorine pesticides 
levels from the spiked samples and the distribution of 
aquatic weeds
The pesticide residue levels detected in the water, 
sediments and weed samples were not corrected for matrix 
effects, because all recovery values (76–90%) (Table 2) 
fell within the acceptable range of 70 to 120% (Hill 2000). 
A total of 16 pesticides, including their metabolites, was 
monitored and detected in the samples at mean frequen-
cies ranging from 19–56% for water, 28–89% for sediment 
and 28–53% for weeds. Three weed species were dominant 
at the twenty six sampling sites (Table 3). The weeds 
were classified as Cyperus distans with 52% frequencies 
in Nyando River, followed by Cyperus alternifolius (26%), 
Cyperus rotundus (11%), Eichhornia crassipes (water 
hyacinth) (7%) and Asystasia gangetica (4%) (Table 4).

Seasonal variations in pesticide residue levels in 
Kericho-Upper Nyando Subcatchment area
Mean concentrations for organochlorine pesticide residue 
levels in water, sediments and weeds in the dry (February) 
and wet (May) seasons in Kericho-Upper Nyando area 
are presented in Tables 5 and 6. The average pesticide 
residue levels in the driest month for water, sediments and 
weeds in the upper subcatchment are shown in Table 5. 
Out of the sixteen pesticide monitored during the dry 
season, Site 8 showed the highest frequency (56%) of 
residues detected in water samples, 88% in sediments 
at Site 14 and 75% for weeds at Site 9 (Table 5). In the 
wettest month, residue levels detected for water, sediment 
and aquatic weeds are shown in Table 6. Site 14 showed 
the highest frequency (69%) of pesticides levels detection 
in water samples, 93% sediments at Site 14 and 63% for 
weeds at Sites 8 (Table 6).

In Kericho-Upper Nyando Subcatchment, the pesticides 
concentrations detected in water in February showed 
strong positive bivariate Pearson correlation coefficients 

Pesticides Water (µg l−1) Sediment (µg kg−1, DW) Weeds (µg kg−1, DW)
Lindane 88.152 ± 2.642 78.401 ± 1.009 76.409 ± 1.012
p,p’-DDT 96.124 ± 3.052 80.483 ± 2.227 79.211 ± 1.021
o,p’-DDE 96.101 ± 2.015 81.515 ± 1.605 79.052 ± 2.061
p,p’-DDD 92.025 ± 2.251 88.043 ± 2.225 85.245 ± 1.043
α-endosulfan 90.545 ± 3.215 84.213 ± 2.014 80.210 ± 1.035
β-Endosulfan 89.113 ± 4.312 86.023 ± 2.702 83.601 ± 2.026
Endosulfan Sulphate 90.089 ± 3.325 83.381 ± 2.037 80.712 ± 1.045
Aldrin 86.411 ± 1.115 85.363 ± 1.298 79.245 ± 0.871
Dieldrin 94.243 ± 4.254 79.266 ± 1.427 77.324 ± 1.210
Endrin 88.226 ± 2.013 78.659 ± 2.127 77.210 ± 2.011
Heptachlor 90.024 ± 1.561 80.752 ± 1.357 78.123 ± 1.013
Heptachlor-epoxide 89.162 ± 1.093 81.488 ± 3.165 79.056 ± 1.056
Methoxychlor 94.188 ± 2.212 89.192 ± 1.127 87.106 ± 1.034
n = 6, mean ± SD, DW = dry weight

Table 2: Percentage recoveries of organochlorine pesticide residues in water, sediment and weeds. At 
sampling sites in the Nyando River basin in 2005–2006

Site Aquatic weed distribution
1 Cyperus alternifolius
3 Cyperus distans
4 Cyperus distans
5 Cyperus distans
6 Cyperus distans
7 Cyperus distans
8 Cyperus distans
9 Cyperus alternifolius
10 Cyperus alternifolius
11 Cyperus distans
12 Cyperus distans
13 Cyperus distans
14 Cyperus distans
15 Cyperus alternifolius
16 Cyperus alternifolius
17 Cyperus distans
18 Eichhornia crassipes (water hyacinth)
19 Cyperus distans
21 Cyperus distans, Cyperus alternifolius
22 Cyperus alternifolius, 
23 Cyperus distans
25 Cyperus alternifolius
26 Cyperus rotundus
27 Cyperus distans
30 Asystasia gangetica
33 Eichhornia crassipes 

Table 3: Distribution of aquatic weeds at sample sites in the 
Nyando River catchment in 2005–2006.

Taxon Percentage distribution of 
aquatic weeds

Poles
Cyperus distans 52
Cyperus alternifolius 26
Cyperus rotundus 11
Commelinales
Eichhornia crassipes 7
Lamiales
Asystasia gangetica 4

Table 4: Percentage distribution of aquatic weeds at sample sites 
in the Nyando River catchment in 2005–2006
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(p < 0.01) in the range 0.511 to 0.912. The highest 
correlation value of 0.912 was obtained for Sites 1 and 
3, the lowest value of 0.511 was obtained for Sites 6 and 
11. The levels detected for dieldrin, endosulfan sulphate, 
β-endosulfan, lindane, methoxychlor, p,p’-DDT and 
o,p’-DDE at Sites 1 and 3 (Table 5) were slightly lower 
than the WHO guidelines (Table 7) for daily intake of 
drinking water (IUPAC 2003). Aldrin was not detected 
in water from any of the sampling sites, but its metabo-
lite dieldrin was detected at all the sampling sites, 
with the highest levels at Sites 10 and 14, respectively 
(Table 5), which were higher than the WHO guidelines 
for daily intake of drinking water (Table 7). Heptachlor-
epoxide detected at Sites 9 and 11 gave levels higher 
than the WHO guidelines (IUPAC 2003). The residue 
levels of α-endosulfan, heptachlor, o,p’-DDT, o,p’-DDD 
and o,p’-DDE were below the detection limits (BDL) in 
February. Total DDT residue levels given as (Σ DDT) 
in Kericho upper Nyando Subcatchment is lower than 
the WHO limit in drinking water (Table 7). In May, the 
pesticide concentrations detected in water samples 
(Table 6) from the Upper Subcatchment showed strong 
positive bivariate Pearson correlation coefficients 
(p < 0.01) in the range 0.507 to 0.993, with the highest 
correlation (0.993) being at Sites 4 and 9, and the 
lowest value of 0.507 obtained at Sites 1 and 7, respec-
tively. Methoxychlor was detected at highest concentra-
tion at Site 9 followed by endosulfan sulphate at Site 11 
(Table 6). However these concentrations are lower than 
the WHO guidelines for drinking water (Table 7). Dieldrin 
was detected in the middle and lower reaches of the river 
with the highest concentrations at Site 14 in May.

Pesticide residue levels detected in sediments in 
February were considerably higher than those found in 
water (Table 5). The sediment concentrations showed 
strong positive Pearson correlation coefficients (p < 0.01) 
in the range 0.576 to 0.999, with the highest correla-
tion (0.999) obtained at Sites 1 and 9, whereas the lowest 
value (0.576) was obtained at Sites 7 and 14, respec-
tively. The highest residue levels in sediments (Table 6) 
were detected for methoxychlor at Sites 13 and 14, respec-
tively. During the dry season, levels of α-endosulfan were 
below the detection limit in all the sediment samples. The 
concentrations of dieldrin, endosulfan sulphate and endrin 
were generally lower compared with those of lindane at 
various sites. The pesticides concentrations detected in 
the sediment samples, showed strong positive bivariate 
Pearson correlation coefficients (p < 0.01) in the range of 
0.580 to 0.997 in May. The highest correlation value of 
0.997 was obtained for Sites 4 and 7 and the lowest value 
of 0.580 was obtained for Sites 3 and 12, respectively. The 
highest concentration was detected for methoxychlor from 
Site 4 followed by lindane at Site 12, whereas dieldrin was 
highest at Site 6 (Table 6).

The concentrations detected in weed samples in February 
showed strong positive bivariate Pearson correlation coeffi-
cients (p < 0.01) in the range 0.548 to 0.963. The highest 
correlation value of 0.963 was obtained at Sites 3 and 14, 
and the lowest value of 0.548 was obtained at Sites 4 and 
5, respectively. The highest pesticides residue concen-
trations were detected for methoxychlor at Site 8. This Si
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was followed by aldrin at the Site 1, whereas the concen-
trations of α-endosulfan and heptachlor were below the 
detection limits in all the sites (Table 5). Generally the 
pesticides levels detected in weed samples were interme-
diate in magnitude between those of water and sediments 
(Table 5). The concentrations detected in weeds in May 
showed strong positive bivariate Pearson correlation coeffi-
cients (p < 0.01) in the range 0.577 to 0.987, with the 
highest (0.987) at Sites 1 and 4 and the lowest (0.577) 
at Sites 4 and 10, respectively. The highest concentra-
tion detected for methoxychlor in weed samples was at 
Site 3, followed by that of p,p’-DDT at Site 13. The α- and 
β-endosulfan and o,p’-DDD concentrations were below the 
detection limits in all the samples analysed (Table 6)

Seasonal variations in pesticide residue levels in the 
Nandi- Lower Nyando Subcatchment area
The mean concentrations for organochlorine pesticide residue 
levels in water, sediments and weeds in the dry and wet 
seasons in the Nandi-Lower Nyando area are shown in Tables 
8 and 9. The sixteen pesticides residues monitored during 
the dry seasons showed a high frequency at Sites 33 (Ahero 
irrigation channel), with 68.8% of pesticides residue levels 
detected in water samples, 94% for sediments, whereas weed 
samples at Sites 16 and 17 had a frequency of 50% (Table 8). 
In wet season, Sites 25 and 33 showed the highest frequency 
of 75% of pesticides residue levels detection in water 
samples, whereas sediments were at 81% in Sites 19 and 23 
and weeds at 50% at Sites 16, 17, 19 and 23 (Table 8).

Most of the pesticides residue levels detected in dry 
season were below the WHO guidelines for the daily intake 
for drinking water (Table 7), except for dieldrin whose levels 
were of concern (Table 8). The Lower Subcatchment area 
showed slightly higher pesticide residue levels in water 
(Table 8) than the Upper in February (Table 5). Total DDT 
residue levels in Nandi-Lower Nyando Subcatchment 
area were higher than the WHO limit. The pesticides 
levels detected in water samples in February showed 
strong positive bivariate Pearson correlation coeffi-
cients (p < 0.05) in the range 0.525 to 0.993, with the 
highest correlation obtained at Sites 15 and 17 and the 
lowest (0.525) at Sites 15 and 21, respectively. The Lower 
Subcatchment showed higher concentrations in water 
(Table 9) than the upper area (Table 6) in May, with a 
strong positive bivariate Pearson correlation coefficient Si
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Pesticide WHO EPA Australia
Aldrin 0.03 NC 0.01
Dieldrin 0.03 NC NC
DDT 2 0.2 0.06
Lindane 2 0.2 0.05
Methoxychlor 20 40 0.02
Endrin NC 2 NC
Heptachlor 0.03 0.4 0.05
Heptachlor-epoxide 0.03 0.2 0.05
Endosulfan NC NC 0.05
Source: IUPAC 2003, NC = Not classified

Table 7: Pesticide level guidelines (µg l−1) for drinking water for 
some organisations
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(p < 0.01) varying from 0.813 at Sites 16 and 25 to 0.998 
at Sites 15 and 33. Higher concentrations of methoxy-
chlor were detected at Sites 16 and 25 (Table 9). However, 
these concentrations are lower than the WHO guidelines 
for drinking water (Table 7). Dieldrin and endosulfan 
sulphate were detected at all sampling sites, except at Site 
30 (Table 9). The highest dieldrin concentration was detected 
at Site 17, whereas endosulfan sulphate was highest at Site 
26 (Table 9), all the levels falling above the WHO guidelines 
of daily intake for drinking water (IUPAC 2003).

For sediment samples taken in February, methoxychlor, 
β-endosulfan and lindane were detected at high concentra-
tions (Table 8), and all the levels showed strong positive 
bivariate Pearson correlation coefficients (p < 0.05) in the 
range 0.499 (Sites 15 and 33) to 0.999 (Sites 15 and 18). 
The highest level of methoxychlor was detected at Site 15 
(Table 8). In May the residue levels in sediments showed 
strong positive bivariate Pearson correlation coefficients 
(p < 0.01) in the range 0.532 (Sites 21 and 25) to 0.993 
Sites (15 and 22). For aldrin, residue levels were highest in 
the sediment samples collected at Site 33 (Table 9).

For weed samples taken in February, residue levels 
showed strong positive bivariate Pearson correlation coeffi-
cients (p < 0.01) in the range 0.550 (Sites 15 and 16) to 
0.939 (Sites 19 and 27). Dieldrin was highest at Site 19 
and p,p’-DDT at Site 15, respectively (Table 8). For May, 
however, the residue concentrations showed strong positive 
bivariate Pearson correlation coefficients (p < 0.05) in the 
range of 0.578 (at Sites 17 and 23) to 0.949 (Sites 15 and 
17). The highest concentration was obtained for methoxy-
chlor at Site 26 (Table 9).

Discussion

Occurrence, distribution and concentrations of organo-
chlorine pesticides varied among sites and between 
seasons. Frequency of residue levels in water samples in 
Kericho-Upper Nyando Subcatchment area for both May 
and February (Tables 6 and 5) was highest in the lower 
and middle reaches of the river (Sites 14 and 8), respec-
tively. This might be as a result of cultivation on the river 
bank at the two sites (Table 1). Increased run-off of soil 
laden with substantial amounts of pesticides from these 
sites is inevitably finding its way into the river (Abong’o 
et al. 2014), even though the levels obtained in the water 
(Table 5) fell below the WHO guidelines for drinking water 
(Table 7). The low levels might also be associated with 
less intensive subsistence agricultural activities farther 
away from the river banks, and reduced clearance of 
forest cover to give additional arable land. This shows 
that lower amounts of pesticides had been used in the 
upper reaches of the river. In February, organochlo-
rine pesticide residues in water samples were generally 
higher (Table 5) than May (Table 6) especially dieldrin, 
heptachlor-epoxide and methoxychlor. These pesticides 
were highest at Sites 6, 11 and 14, respectively. This 
could be attributed to the location of the sites, being in 
the middle and lower reaches of the river where subsist-
ence agriculture and sugarcane farming on the river 
banks are intensive, as well as earlier intense use of the 
pesticides at these sites (Abong’o et al. 2015a).Pe
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In the Nandi-Lower Nyando Subcatchment area, 
pesticide residue levels detected in water samples in 
February (Tables 8) were generally higher than those 
obtained in May (Tables 9), especially dieldrin, heptachlor 
and heptachlor-epoxide (Sites 27 and 33). These sites 
(Table 1) are in the upper and lower reaches of the river 
where tea and rice farming activities have taken place 
respectively over the years (Abong’o et al. 2015a). Lower 
pesticide residue levels were detected in May than 
February and this could be a result of dilution effects 
on pollutants in river water in the wet season. Total DDT 
residue levels given as (ΣDDT) obtained in Nandi-Lower 
Nyando Subcatchment in February  (average 2.104 µg l−1) 
were higher than the WHO limit (2 µg l−1) for water (Table 
8). The concentration of total DDT (ΣDDT; 1.345 µg l−1) 
obtained in Kericho-Upper Nyando Subcatchment (Table 
5) was statistically significant, given its restricted use 
in Kenya (PCPB 1992). Although lower than the WHO 
guidelines for DDT daily intake of drinking water (2 µg l−1), 
the levels were more than 6 times higher the USA EPA limit 
(0.2 µg l−1) recommended standard (Table 7). High levels 
recorded from Nandi-Lower Nyando area might stem from 
high turbidity and the presence of particulate matter in the 
water compared with water from the Kericho-Upper Nyando 
Subcatchment (Abong’o et al. 2015b), because all the water 
samples were extracted without filtration.

The pesticide residue levels detected for endosulfan 
sulphate, β-endosulfan, endrin and lindane were slightly 
lower than the WHO guidelines for daily intake of drinking 
water (IUPAC 2003) in the two subcatchment areas. 
However, these low concentrations become significant 
considering their magnification through the food chains. 
Even though some of these pesticide residue levels were 
present only at very low concentrations in the water, they are 
hazardous, because some species of aquatic life are known 
to bioconcentrate them 1 000–fold or more (Murty 1985).

Generally in the dry season, the levels of dieldrin 
and methoxychlor were higher in sediment sample 
at Site 15 (Nyando at Ongilo) along the Nandi-Lower 
Nyando (Table 8), than from the Kericho-Upper Nyando 
Subcatchment (Table 5). These higher levels could 
be a result of run-off flow of soil contaminated with 
the pesticides from tea and sugarcane farms in the 
Nandi-Lower Nyando Subcatchment into the rivers 
(Abong’o et al. 2015a). Prior to their ban or restriction in 
use, the pesticides analysed found wide applications in 
public health for control of disease vectors and in agricul-
ture for control of crop pests. For sediment samples, 
aldrin was detected in most samples from Kericho-Upper 
Nyando Subcatchment area than Nandi-Lower Nyando in 
the wet season. Sediment samples from Sites 5 and 30 
were highly contaminated with aldrin, lindane and methox-
ychlor. The study by Abong’o et al. (2015a) shows higher 
levels of aldrin, lindane and methoxychlor in soil samples 
in May in agricultural farm adjacent to Site 4 that drains 
to Site 5. The high levels might be attributed to the flow 
of sediments contaminated with the pesticides from Site 
4 to 5. The pesticide residue levels were also detected at 
reference Site 30 (Abong’o et al. 2015b) where no agricul-
tural activities or human settlements were present during 
the study period, indicating that some pesticides are 

deposited along the Nyando River drainage basin after 
aerial transport. The possible sources are the Nandi and 
Kericho highlands and the Kano plains where agricultural 
activities are intensive and are close to the tributaries 
of Nyando River where relatively large tea, sugar cane, 
coffee, maize, vegetables and rice farms are located 
(Abong’o et al. 2014). However local use of pesticides 
in subsistence agriculture and for control of vector borne 
diseases in small villages around Nyando River should not 
be disregarded (Abong’o et al. 2015a).

In sediment samples, the concentrations of dieldrin, 
endosulfan sulphate and endrin detected were generally 
lower compared with of lindane at various sites. This could 
be attributed to equilibrium dynamics in the water/sediment 
system, as well as absorption by aquatic weeds (Linde 
1974). Studies by other researchers have also shown that 
aldrin and heptachlor concentrations usually remain higher 
than their converted products (Ayes et al. 1997, Barlez, 
2002). In the current study, the concentrations of dieldrin, 
heptachlor epoxide and endosulfan sulphate were notably 
higher than for aldrin, heptachlor and endosulfan, respec-
tively, in most samples, indicating earlier use.

A total of three orders and five families of aquatic weed 
samples were recorded from the Nyando River catchment 
area. These orders were dominated by the Poles followed 
by Commelinales and Lamiales, respectively. The species 
Cyperus distans dominated the samples; this was followed 
by Cyperus alternifolius, Cyperus rotundus, Eichhornia 
Crassipes and Asystasia gangetica, respectively. 
Eichhornia Crassipes is only found at Sites 18 and 33 in 
the lower reaches of the river close to Lake Victoria where 
pesticides and fertilisers are heavily used on the rice farms 
(Abong’o et al. 2014). The weed samples had high levels 
of methoxychlor, aldrin, dieldrin, heptachlor, heptachlor 
epoxide, lindane and endosulfan sulphate in the Nyando 
catchment. The Cyperus distans was the main weed 
species found at Sites 3 and 14 with the highest correlation 
occurring in both the two subcatchment areas in February 
and May.

Pesticide residues in the samples from the different 
sites within the two subcatchment areas, show that the 
occurrences and concentrations of the organochlorine 
pesticides varied among seasons and between sites. 
Sites 16 and 17 showed the highest lindane and dieldrin 
levels in water samples in the dry season. This shows that 
the Nyando River does not have an effective self cleaning 
capacity in the downstream sections at Sites 16 and 17, 
because as the river drains in to the Winam Gulf.

Conclusions

The study documents list and levels of organochlorine 
pesticide residues detected in water, sediments and aquatic 
weeds in the Nyando River catchment area. The detection 
frequency was high during the wet season than in the dry. 
The frequencies were, however, higher for weed samples 
than water and much lower than in the sediments.

Water, sediments and aquatic weed samples from the 
Nandi-Lower Nyando Subcatchment area had higher 
pesticide concentrations than the Kericho-Upper Nyando 
section. In the Nyando River catchment area, the water 



African Journal of Aquatic Science 2018, 43(3): 255–270 269

hyacinth menace has been confined to only the rice growing 
areas (Sites 18 and 33) and close to the lake, where 
Cyperus distans was the main weed species found.

The pooled results show that various environs of Nyando 
River are contaminated with all the 16 different organo-
chlorine pesticides, including their metabolites, but at 
different concentrations and distribution levels. Besides, the 
analyses showed that the pesticides and their metabolites 
were generally higher in concentration in sediments and 
weeds than in water. The Nyando River is mainly contami-
nated with methoxychlor, dieldrin and endosulfan sulphate 
probably originating from the various agricultural activi-
ties. Pesticides concentrations detected previously in soils 
from the Nyando River agricultural areas (Abong’o 2015a) 
were generally higher than those in water, sediments and 
aquatic weeds. Dieldrin, β-endosulfan, endosulfan sulphate, 
lindane and methoxychlor were found at higher levels in 
soil samples. Dieldrin, aldrin, lindane, endosulfan sulphate, 
were the predominant pesticide pollutants in all matrices 
analysed. The current study therefore reveals that these 
compounds, although banned by the Kenya Government 
and have not been legally imported since 1986 (PCPB 
1992; PCPB 2009), are still in use in the Nyando River 
drainage basin and could be impacting negatively on the 
ecosystem health of the area.

The results also indicate a greater concern for preserva-
tion of aquatic fauna. They also signify that rehabilitation, 
restoration and management of the lake reservoir is not achiev-
able unless the pollution of rivers draining into the lake is 
checked and eliminated. High levels of public awareness and 
education about the dangers of pesticides is recommended.
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