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ABSTRACT
Organochlorines (OCs) have a high persistence in the environment and
toxicity to humans and wildlife. Despite their ban in several countries, they
are still found in agricultural areas. Their presence in drinking water
resources (rivers, rain and groundwater) in Lake Naivasha area, which has
had a booming horticultural industry in the last three decades was
investigated. Twenty-two water samples from the rift floor around Lake
Naivasha were collected in June 2017 and analysed for organochlorines.
Findings show that all the water samples are contaminated with various
organochlorine pesticides and metabolites. The abundance of OCs in water
resources can be ranked as follows, rain> river >groundwater in which 18
compounds were identified; alpha, beta, gamma and delta HCH, endrin,
aldrin, heptachlor, chlordane, b-endosulfan, methoxychlor, p,p′-DDE, p,p′DDD, endrin aldehyde, endosulphan sulphate, p,p′-DD and endrin ketone.
Their concentrations range from 0.1 to1 µg/L. The OCs with high
concentrations are aldrin, endrin aldehyde and endosulphan sulphate.
Twelve banned compounds were found present, several decades after
their ban (1986 - 2014) shows either occasional usage in the region or the
residues drift from use elsewhere. Despite the low concentrations, many
of these pollutants can exceed acceptable daily intake (ADI) for humans.
Thus, the National Environment Management Authority, Kenya needs to
set OCs guidelines on drinking water quality and concerted efforts with
agriculture, water and health ministries is needed to ensure public health
safety.
©2020 Africa Journal of Physical Sciences (AJPS). All rights reserved.
ISSN 2313-3317

1. Introduction
Freshwater resources globally are threatened by increase in use of various chemicals in the
agricultural sector. Because a significant amount of inputs such as pesticides and fertilizers are
required to ensure high yields. Studies report presence of pesticides in surface water and
groundwater close to agriculture lands in different parts of the world [1-7]. High levels of pesticides
adversely impact ecosystems and human health. For example, organochlorines, a group of
chlorinated compounds widely used as pesticides, are classified as persistent organic pollutants
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(POPs) with high persistence and toxicity in the environment. They are banned in many countries;
however, some are still used in developing countries for agricultural and public health purposes [8].
Currently about 31 pesticides are banned in Kenya and 718 products are registered for use, of these
about 28% are not approved in Europe because of their potential human or environmental health
effects [9, 10]. Studies have shown that over 98% of sprayed insecticides and 95% of herbicides reach
a destination other than the target, namely; air, water, bottom sediments and food [11, 12].
Their fate in the environment depends on their physicochemical properties (persistence, solubility,
and vapour pressure), application frequency and concentration as well as on environmental
characteristics (rain, temperature, soil properties) [13]. Organochlorines reach rivers or lakes through
runoff from agricultural areas and infiltration through soils thereby affecting many aquatic and
terrestrial species. For example, microorganisms, invertebrates, plants and fish are badly affected by
pesticides in the environment [14-16]. In addition, many of the organochlorine molecules are
carcinogenic and neurotoxic and are therefore detrimental to public health [17, 18]. Epidemiological
studies expose the etiological relationship between Parkinson’s disease, prostate, lung and breast
cancers, and Hodgkin’s lymphoma with organochlorine pollutants [19]). Though such studies have
been established in various parts of the world, comparable assessments for the developing world
where commercial agriculture is growing are missing. Moreover, studies on pesticide pollution in
groundwater are still few globally. Over the years the quantity of pesticides used has increased
considerable, In Kenya between 2008 and 2013 a total of 54,516 tonnes insecticides, fungicides, and
disinfectants were imported [20, 21]. As commercial agriculture and uses of pesticides increases,
non-point source pollution will have a considerable influence on the quality of groundwater.
During the past decades, Naivasha basin in Kenya has had significant growth in the agricultural
industry. Started in the 1980s, it has been associated with the degradation of soil and water quality
[22-24]. Different pesticides are used in the agricultural industry [25-27] and health sector [28],
however, there is no systematic monitoring and set guidelines for drinking water quality. This poses
an exposure risk to the health of the residents and the ecosystem. Previous studies have reported
some organochlorines in the lake, sediment and fishes [29]. However, groundwater is used by over
50% of the residents of Naivasha and there is still a gap in knowledge in the status of organochlorines
in groundwater. The objective of this study was to carry out an investigation to determine the
organochlorines present and their concentrations in groundwater, rivers and rainfall in the Naivasha
basin.
2. Materials and Methods
2.1 Study Area
The Lake Naivasha basin is located in the central Kenya rift, which is part of the eastern arm of the
East African rift, formed due to the tectonic and volcanic processes initiated in the Miocene [30, 31]
(Figure 1). Thus the study area is characterized by faulted blocks and alkaline volcanic rocks such as
basalts, comendites, trachytes and tuffs [30, 31]. Weathering of these rocks has created rich volcanic
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soils; this, together with availability of freshwater in the area, makes it agriculturally productive. Since
the 1980s this area has been at the centre of horticultural growth contributing at least 1.44% of the
country’s GDP [22, 32]. In two decades (1985-2005), the population grew by 300%, in part due to the
growth of the flower farming industry, tourism, and fishing industries [22].

Figure 1: Map of study area showing location of samples from groundwater, rivers and rain.

The climate of the area ranges from humid in the escarpments which receive over 2400 mm of rainfall
annually to semi-arid in the rift floor which receives about 600 mm/year, and evaporation is three
times higher than precipitation on the rift floor. Four main rivers drain the high eastern and western
escarpments into the Lake Naivasha basin. The water resources in the study area, excluding the lake,
include four main rivers (Melewa, Gilgil, Karati, Mereroni) (Figure 1), and groundwater from over 300
shallow and deep boreholes that are used for domestic, agriculture, energy generation and industrial
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purposes. In the semi-arid rift floor, irrigation agriculture is practiced using groundwater, lake and
river water to grow flowers and horticultural vegetables, while in the humid escarpments agriculture
is mainly rain-fed and wheat, carrots, peas, potatoes and tea are grown. To achieve high yields and
good quality of produce, synthetic pesticides and fertilizers are used [25]. Lake Naivasha is a Ramsar
site, a wetland of international importance since 1995 [33] and also a biodiversity hotspot with
several species of birds and animals attracting a large number of tourists annually.
2.2 Sample Collection and Preparation
Twenty-two water samples (15 groundwater, 6 rivers, 1 rainfall) were collected in duplicates in 1 L
amber glass bottles from rain, rivers and groundwater sources around the lake in June 2017. The
samples were kept cool during the fieldwork duration and were transported to and refrigerated in
the Organic Chemistry Laboratory, Department of Chemistry, University of Nairobi.
2.3 Extraction of Pesticides from Water Samples
Extraction of pesticides from water samples was done by solvent–solvent extraction procedure which
was adopted from US EPA Method 3510C [34]. The pH of the 1.0 L of sample was measured and pH
recorded. 50 ml of 0.2 M dipotassium hydrogen phosphate buffer was added to the sample. The pH
was adjusted to 7.0 by carefully adding drops of 0.1 M hydrochloric acid or 0.1 M sodium hydroxide
solutions. The neutral solution was then treated with 100 g of sodium chloride to salt out the
pesticides to the organic phase, then this was followed by addition of 60 ml dichloromethane. The
mixture was shaken further while releasing pressure and allowed to settle for 30 minutes to enhance
separation into two phases. The lower organic layer was then collected into a pre-cleaned and dry
250 ml conical flask and the extraction process was repeated twice each time with 60 ml
dichloromethane. The combined extracts were dried using activated anhydrous Na2SO4 and 2 ml of
isooctane added as keeper then concentrated to about 3 ml using LABCONCO rotary evaporator. The
concentrated extracts were then put in vials and stored in a fridge at -4 oC, awaiting the clean-up
process.
2.4 Sample Clean-up
Sample clean-up was done using an alumina chromatographic column of 25 cm x 1.5 cm diameter
packed with 1 g of activated anhydrous sodium sulphate (drying agent) followed by 15 g of
deactivated alumina and finally another 1 g layer of activated anhydrous sodium sulphate. The
column was pre-conditioned with 15 ml of HPLC grade hexane and the liquid was then discarded. The
extracts were each introduced into the column and eluted with 165 ml of HPLC grade-hexane into a
round-bottom flask. Each was then rinsed four times with 2 ml portions of HPLC grade-hexane. 2 ml
of iso-octane was added to each cleaned sample as a keeper then the samples were concentrated to
about 1ml using a rotary evaporator. The extracts were transferred into a clean pre-weighed auto
vial and concentrated to 0.5 ml under a gentle stream of white spot nitrogen, after which the samples
were ready for analysis.
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2.5 GC Analysis and Quantification of the Extract
Analysis of pesticides was carried out using GC-MS (Agilent HP 6890) combined with an auto sampler
(Agilent 7683 series injector). The HP 19091J-102 capillary column of 25 μm x 20 μm internal diameter
x 0.33 μm film thickness coated with cross-linked 5% phenyl methyl siloxane was used. The carrier
gas used was helium at a flow rate of 1.0 ml/min. Oven temperature was 90 ˚C (1 min), 90 ºC to 185
˚C (at 35 ˚C/ min and hold time of 0 min), 185 ˚C to 220 ˚C (at 2 ˚C/min and hold time of 0 min), 220
˚C to 280 ˚C (at 5 ˚C/min and hold time of 0 min), 280 ˚C to 320 ˚C (at 25 ˚C/min and hold time of 0
min). A volume of 1 μL, was injected in splitless mode at 250 ºC.
2.6 Identification, Quantification and Data Analysis
Reference standards ranging from 1 pg/ml to 1000 pg/ml were prepared for each standard and
quantification was based on calibration curve calculations. Each standard gave a calibration curve
with a straight line and the line of best fit was drawn from the plot of the response factor (peak area)
against standard concentration. All analyte lines gave a correlation factor (R2) above 0.99 showing
high correlation between analyte concentration and instrument response ratio. Standard
concentrations were obtained by interpolation from the graphs which applies the equation Y= mX +
c; where Y = normalised peak area (instrument response), X = standard concentration m = gradient,
and c = constant. Concentrations of the sample analytes were also obtained in the same way.
Descriptive statistics were carried out on the data on organochlorine pesticides and their
concentrations are presented in graphs and boxplots showing the means, minimum and maximum
values.
3. Results and Discussion
Eighteen compounds of organochlorines and their metabolites were identified in the water samples.
They consist of alpha, beta, gamma and delta Hexachlorocyclo-hexane (HCH), endrin, aldrin,
heptachlor, chlordane, b-endosulfan, methoxychlor, p,p′-DDE, p,p′-DDD, endrin eldehyde,
endosulphan sulphate, p,p′-DD and endrin ketone. Their concentrations range from below detection
limit to 1 µg/L (Figure 2). The least concentrations of organochlorines in water are for g-chlordane
and α-HCH which are below 0.1 µg/L with a maximum of 0.3 µg/L. β-HCH has the highest
concentration of the HCH’s, and the alpha, beta, gamma and delta HCH were found in all the samples
apart from 1 borehole.
When comparing the three water sources (rain, river, and groundwater), OC concentrations are
slightly higher in rain and lower in groundwater (Figure 3). Of the six river samples, Malewa and Gilgil
rivers have higher concentrations of OCs, while the organochlorines detected in groundwater are
those applied in the agriculture industry as fungicides (the 5 isomers of HCH), and insecticides (aldrin,
chlordane, endrin, heptachlor, dieldrin, endosulfan). Aldrin and dieldrin are restricted to termite
control in the building industry (PCPB, 1998; 2010). Most frequently detected pesticides in the waters
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are aldrin, endrin aldehyde, p,p′-DDE and endosulfan sulphate (Figure 3). These pesticides are
commonly used in developing countries due to their low cost and effectiveness against various pests
[35, 36]. Our findings show that there is no specific order of abundance of specific organochlorine
group and its metabolites in one water source which could be related to differences in the date of
application and half-lives that vary from days to several years as reported in [37]. Other studies have
shown that insecticides and herbicides are common groundwater contaminants in the developing
world [38, 39] as farmers strive to optimise crop yields and profits.

Figure 2: Box plots showing the total ranges of concentrations of pesticides and their metabolites (18) found
in the water sources (rain, rivers and groundwater) in Lake Naivasha basin.

Twelve out of the eighteen organochlorine pesticides found in the water are listed amongst the 31
banned in Kenya by the Pest Control Products Board (Table 1). These organochlorines are used as
insecticides and fungicides. They include chlordane, heptachlor, 5 isomers of hexachlorocyclo-hexane
(HCH), endrin and DDT (Dichlorodiphenyl Trichloroethane) since 1986, while aldrin and dieldrin are
banned since 2004, and endosulfan was banned in 2011. The by-products of lindane, αHexachlorocyclohexane (α-HCH) and β-HCH were detected in the water but not lindane which was
banned in 2011 in Kenya. Dichlorodiphenyldichloroethane (DDD), a metabolite of DDT, and DDE, a
product of dehydrohalogenation of DDT, were also found, but not DDT. However, DDT was banned
for agriculture use in Kenya in 1986 but its use is restricted to indoor residual spraying only for
mosquito control.
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Figure 3: Concentrations of pesticides in the different water sources: river water (upper panel), groundwater
(middle panel) and rainfall (lower panel).
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The presence of banned OC metabolites several decades after their ban in Kenya shows that either
they are persistent, or occasionally used elsewhere in the region /neighbouring countries and are
dropped via the atmosphere. The persistence of OCs in tropical environments is shown to be lower
with half-lives of 3-7 months for DDT [40, 41] unlike in temperate regions where they stay for decades
[42, 43]. In general the concentrations detected in the waters are low and complementary studies by
Gitahi and others [25], established that fewer number of organochlorines are used in the study area
as compared to organophosphates, carbamates, and pyrethroids. However, the presence of banned
compounds in rain water can be interpreted as ongoing usage that is potentially coupled with
atmospheric transport and deposition, which would occur through volatilization of pesticides after
application in the vicinity. This inference is supported by studies by Majewski and others [44] which
showed that the occurrence and atmospheric concentration of pesticides were most closely related
to their use within 40 km of the Mississippi River from New Orleans, Louisiana to St. Paul, Minnesota.
Table 1: List of pesticides banned in Kenya since 1986.
Name
1. Chlordane,
2. Heptachlor
3. 5 isomers of hexachlorocyclo-hexane (HCH)
4. Endrin
5. DDT (Dichlorodiphenyl Trichloroethane)
6.
7.
8.
9.

Aldrin
Dieldrin
Endosulfan
Lindane

Usage
Insecticide
Insecticide
Fungicide
Insecticide
Disease vector control,
banned for agriculture
Insecticide
Insecticide
Insecticide
Insecticide

Year of Ban
1986
1986
1986
1986
1986
2004
2004
2011
2011

Once applied, the temperature and low rainfall conditions in the rift floor can cause organochlorines
to degrade naturally in soil through the mechanistic pathways of dechlorination,
dehydrochlorination, isomerization and oxidation [45, 46], while transport of the compounds to
groundwater and surface water occurs through processes of leaching and runoff, respectively. Once
in the aquifer, their degradation is likely to be much lower than the half-lives reported for the near
surface, particularly within the bedrock. This is because of limited microbial populations and activity
[47, 48], combined with more limited nutrient and oxygen availability within groundwater [49].
Overall, groundwater is considerably less contaminated than surface water. Residues in river water
samples occur when the pesticides are carried into the rivers either through the wind, runoff or
through the adhered suspended particulate, while compounds that spread into the air are
incorporated in rain droplets. It has been established that the application of pesticides in tropical
countries characterized by high temperatures and heavy rainfall lead to a higher spread of
contamination over watersheds than in the temperate regions [50].
Even though the concentrations measured are low, in the microgram per litre range, many of these
pollutants can exceed an acceptable daily intake (ADI) for humans. A soil sample from the area had
much higher concentrations (50 times [51]) leading the authors to speculate that the OCs quantities
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will be higher in the animals grazing in affected areas or aquatic organisms and raptors (birds of prey).
The exposure pathways to humans are through drinking contaminated water, milk, meat and crops
derived from this area. Though these results are from a single sampling campaign in June 2017, these
are the first findings of organochlorines in groundwater and rain water in the Naivasha basin where
previous studies focused on surface water sources.
4. Conclusions
This paper set out to determine the status of organochlorine pesticides in the drinking water sources
in the Naivasha basin, some of which are also sources for drinking water supplies. A total of 18
organochlorine compounds and their metabolites were measured in the water sources (rivers, rain
and groundwater). The three organochlorines with the highest concentrations are aldrin, endrin
aldehyde, endosulphan sulphate (between 0.7 and 0.9 µg/L), and these are used in the agriculture
sector. The low concentrations compared to the WHO [52] guidelines on drinking water quality could
be because of faster degradation of OCs in the tropics. However, though these concentrations are
generally low, in the microgram per litre range, many of these OCs can exceed an acceptable daily
intake (ADI) for humans. Their presence in rainwater, despite their ban several decades ago (1986 2014) shows either active use in Naivasha or atmospheric transport from the vicinity of study area.
These findings are contrary to previous studies by [29] where OCs were not detected.
Findings from this study suggest that there is need for the state ministries responsible for sectors
such as agriculture, health and water where OCs are used to collaborate to set up regular monitoring
of use / sale of banned pesticides, air and water quality to keep the residents safe. Long term
monitoring of seasonal changes in the compounds and concentrations of organochlorines in all the
three water sources especially used for domestic purposes should be set up. Future research should
set up long term monitoring of the various pesticides, organochlorines, organophosphates,
carbamates and pyrethrins which are used much more frequently. Additional measures such as
minimising the usage of OCs through seeking alternatives such as bio-pesticides and bio-control
should be explored. The most urgent intervention by the National Environmental Management
Authority is to develop drinking water quality guidelines for pesticides and their metabolites, which
are not yet established in Kenya, to ensure reduced exposure to organochlorines and their
metabolites. Additionally, the Pest Control Products Board in Kenya, the National Environment
Management Authority and other relevant authorities need to regularly engage with the aim of
ensuring harmful Pesticides are not sold in the country and protecting Kenyans from exposure to
harmful compounds.
Acknowledgements
The study was carried out with funds from the Volkswagen Foundation Grant number 89336 to Lydia
Olaka.

123

OLAKA

|GEOLOGY

References
[1]
[2]
[3]
[4]

[5]

[6]

[7]

[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]
[25]

Cerejeira, M., Viana, P., Batista, S., Pereira, T., Silva, E., Valério, M., Silva, A., Ferreira, M., and Silva-Fernandes, A.
(2003) Pesticides in Portuguese surface and ground waters. Water research, 37(5), 1055-1063.
Konstantinou, I.K., Hela, D.G., and Albanis, T.A. (2006) The status of pesticide pollution in surface waters (rivers and
lakes) of Greece. Part I. Review on occurrence and levels. Environmental Pollution, 141(3), 555-570.
Gilliom, R.J. (2007) Pesticides in US streams and groundwater. ACS Publications, 3408-3414.
Woudneh, M.B., Ou, Z., Sekela, M., Tuominen, T., and Gledhill, M. (2009) Pesticide multiresidues in waters of the
lower Fraser valley, British Columbia, Canada. Part I. Surface water. Journal of environmental quality, 38(3), 940947.
Añasco, N., Uno, S., Koyama, J., Matsuoka, T., and Kuwahara, N. (2010) Assessment of pesticide residues in
freshwater areas affected by rice paddy effluents in Southern Japan. Environmental monitoring and assessment,
160(1-4), 371.
Lee, H.-J., Kim, K.Y., Hamm, S.-Y., Kim, M., Kim, H.K., and Oh, J.-E. (2019) Occurrence and distribution of
pharmaceutical and personal care products, artificial sweeteners, and pesticides in groundwater from an
agricultural area in Korea. Science of the Total Environment, 659, 168-176.
Pan, H., Lei, H., He, X., Xi, B., and Xu, Q. (2019) Spatial distribution of organochlorine and organophosphorus
pesticides in soil-groundwater systems and their associated risks in the middle reaches of the Yangtze River Basin.
Environmental geochemistry and health, 41(4), 1833-1845.
Aktar, W., Sengupta, D., and Chowdhury, A. (2009) Impact of pesticides use in agriculture: their benefits and hazards.
Interdisciplinary toxicology, 2(1), 1-12.
EC (2017) EU pesticides database. European Commission.
PCPB (2015) Pest Control Products Registered for Use in Kenya Pest Control Products Board. p. 1-387.
Pimentel, D. (1995) Amounts of pesticides reaching target pests: environmental impacts and ethics. Journal of
Agricultural and environmental Ethics, 8(1), 17-29.
Devine, G.J. and Furlong, M.J. (2007) Insecticide use: contexts and ecological consequences. Agriculture and Human
values, 24(3), 281-306.
Leonard, R. (1990) Movement of pesticides into surface waters. Pesticides in the soil environment: processes,
impacts, and modeling., 303-349.
Liess, M., Schäfer, R.B., and Schriever, C.A. (2008) The footprint of pesticide stress in communities—species traits
reveal community effects of toxicants. Science of the total environment, 406(3), 484-490.
Castillo, L.E., Martínez, E., Ruepert, C., Savage, C., Gilek, M., Pinnock, M., and Solis, E. (2006) Water quality and
macroinvertebrate community response following pesticide applications in a banana plantation, Limon, Costa Rica.
Science of the Total Environment, 367(1), 418-432.
Frankart, C., Eullaffroy, P., and Vernet, G. (2003) Comparative effects of four herbicides on non-photochemical
fluorescence quenching in Lemna minor. Environmental and Experimental Botany, 49(2), 159-168.
Galloway, T. and Handy, R. (2003) Immunotoxicity of organophosphorous pesticides. Ecotoxicology, 12(1-4), 345363.
Stephenson, J. (2000) Exposure to home pesticides linked to Parkinson disease. JAMA, 283(23), 3055-3056.
Berkowitz, B., Dror, I., and Yaron, B. (2007) Contaminant geochemistry. Springer.
Loha, K.M., Lamoree, M., Weiss, J.M., and de Boer, J. (2018) Import, disposal, and health impacts of pesticides in
the East Africa Rift (EAR) zone: A review on management and policy analysis. Crop Protection, 112, 322-331.
Ministry of Environment Water and Natural Resources (2014) Kenya National Implementation Plan for the
Stockholm Convention on Persistent Organic Pollutants, Republic of Kenya, Nairobi, Kenya. p. 36-138.
Bolo, M.O. (2008) The Lake Naivasha cut flower cluster in Kenya. Knowledge, Technology, and Cluster-Based
Growth, 37.
Abbasi, Y. and Mannaerts, C.M. (2018) Evaluating organochlorine pesticide residues in the aquatic environment of
the Lake Naivasha River basin using passive sampling techniques. Environmental monitoring and assessment,
190(6), 349.
Olando, G., Olaka, L.A., Okinda, P.O., and Abuom, P. (2020) Heavy metals in surface sediments of Lake Naivasha,
Kenya: spatial distribution, source identification and ecological risk assessment. SN Applied Sciences, 2(2), 279.
Gitahi, S., Harper, D., Muchiri, S., and Tole, M. (2002) Organochlorine and organophosphorus pesticide
concentrations in water, sediment, and selected organisms in Lake Naivasha (Kenya). Hydrobiologia, 488(1-3), 123128.

124

OLAKA

|GEOLOGY

[26] Otieno, P., Okinda Owuor, P., Lalah, J., Pfister, G., and Schramm, K.-W. (2015) Monitoring the occurrence and
distribution of selected organophosphates and carbamate pesticide residues in the ecosystem of Lake Naivasha,
Kenya. Toxicological & Environmental Chemistry, 97(1), 51-61.
[27] Madadi, V.O., Wandiga, S.O., and Mavuti, K.M. (2017) Organochlorine Pesticides Residues in Lake Naivasha
Catchment Water.
[28] Thumbi, G., Kirui, F., and Nyandawa, M. (2011) Distribution of organochlorine pesticides in Lake Naivasha, Kenya.
Inter Journal of Disaster Manage Risk Reduc, 3, 140-146.
[29] Kaoga, J., Ouma, G., and Abuom, P. (2013) Effects of farm pesticides on water quality in Lake Naivasha, Kenya. Am.
J. Plant Physiol, 8, 105-113.
[30] Thompson, A.O. and Dodson, R.G. (1963) Geology of the Naivasha Area. Nairobi.
[31] Clarke, M.C.G., Woodhall, D.G., Allen, D., and G., D. (1990) Geological, Volcanological and hydrogeological controls
on the occurrence of geothermal activity in the area surrounding lake Naivasha, Kenya. Ministry of Energy Report.
[32] Loukes, K. (2010) Kenya's cut-flowers: An unsustainable industry on Lake Naivasha.
[33] Everard, M. and Harper, D.M. (2002) Towards the sustainability of the Lake Naivasha Ramsar site and its catchment.
Hydrobiologia, 488(1-3), 191-203.
[34] US EPA, M.C. (1996) Separatory funnel liquid-liquid extraction. United States Environmental Protection Agency
Washington, DC.
[35] Gupta, P. (2004) Pesticide exposure—Indian scene. Toxicology, 198(1-3), 83-90.
[36] Carvalho, F.P. (2006) Agriculture, pesticides, food security and food safety. Environmental science & policy, 9(7-8),
685-692.
[37] Jayaraj, R., Megha, P., and Sreedev, P. (2016) Organochlorine pesticides, their toxic effects on living organisms and
their fate in the environment. Interdisciplinary toxicology, 9(3-4), 90-100.
[38] Hallberg, G.R. (1989) Pesticides pollution of groundwater in the humid United States. Agriculture, ecosystems &
environment, 26(3-4), 299-367.
[39] Stuart, M., Lapworth, D., Crane, E., and Hart, A. (2012) Review of risk from potential emerging contaminants in UK
groundwater. Science of the Total Environment, 416, 1-21.
[40] Wandiga, S. (1996) Organochlorine pesticides: Curse or blessing of tropical environment. Environment and
development, a public lecture series. Kenya National Academy of Sciences Press. Nairobi, Kenya, 64-92.
[41] Wandiga, S., Lalah, J., and WARA, P.K. (2003) Pesiticdes in Kenya, in Pesticide Residues in Coastal Tropical
Ecosystems. CRC Press. pp. 75-95.
[42] Wandiga, S.O. (2001) Use and distribution of organochlorine pesticides. The future in Africa. Pure and Applied
Chemistry, 73(7), 1147-1155.
[43] Lalah, J., Wandiga, S., and Dauterman, W. (1996) Mineralization, volatilization, and degradation of carbofuran in soil
samples from Kenya. Bulletin of environmental contamination and toxicology, 56(1), 37-41.
[44] Majewski, M.S., Foreman, W.T., Goolsby, D.A., and Nakagaki, N. (1998) Airborne pesticide residues along the
Mississippi River. Environmental science & technology, 32(23), 3689-3698.
[45] Van Zwieten, L., Ayres, M.R., and Morris, S.G. (2003) Influence of arsenic co-contamination on DDT breakdown and
microbial activity. Environmental Pollution, 124(2), 331-339.
[46] Lal, R. and Saxena, D. (1982) Accumulation, metabolism, and effects of organochlorine insecticides on
microorganisms. Microbiological reviews, 46(1), 95.
[47] Sorensen, J., Lapworth, D., Nkhuwa, D., Stuart, M., Gooddy, D., Bell, R., Chirwa, M., Kabika, J., Liemisa, M., and
Chibesa, M. (2015) Emerging contaminants in urban groundwater sources in Africa. Water Research, 72, 51-63.
[48] Sorensen, J.P., Maurice, L., Edwards, F.K., Lapworth, D.J., Read, D.S., Allen, D., Butcher, A.S., Newbold, L.K.,
Townsend, B.R., and Williams, P.J. (2013) Using boreholes as windows into groundwater ecosystems. PLoS One,
8(7), e70264.
[49] Tesoriero, A.J., Saad, D.A., Burow, K.R., Frick, E.A., Puckett, L.J., and Barbash, J.E. (2007) Linking ground-water age
and chemistry data along flow paths: Implications for trends and transformations of nitrate and pesticides. Journal
of Contaminant Hydrology, 94(1-2), 139-155.
[50] Daam, M.A. and Van den Brink, P.J. (2010) Implications of differences between temperate and tropical freshwater
ecosystems for the ecological risk assessment of pesticides. Ecotoxicology, 19(1), 24-37.
[51] Sun, H., Qi, Y., Zhang, D., Li, Q.X., and Wang, J. (2016) Concentrations, distribution, sources and risk assessment of
organohalogenated contaminants in soils from Kenya, Eastern Africa. Environmental pollution, 209, 177-185.
[52] WHO (2011) Guidelines for drinking-water quality. World Health Organization, Geneva, 216, 303-304.

125

