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Abstract

This study set out to determine the chlorpyrifos residue levels in some selected samples from the
upper Tana River. Water, sediment and weed samples obtained from the upper Tana River in
Kenya were screened for chlorpyrifos and found to be contaminated. The river profile was divided
into  three sections representing upstream, middle stream and downstream. The extraction of
water  samples  was  done  by  liquid-liquid  partitioning  method  using  dichloromethane,  while
sediment samples were extracted in acetone and hexane solvents by soxhlet extraction method.
The extraction of weed samples was done using an orbital shaker in acetone. The analysis of the
pesticides was done using Gas chromatography-mass spectrometer (GC-MS). Chlorpyrifos mean
residue  levels  found  in  water  samples  (BDL to  6.73µg/L),  were  generally  higher  than  those
detected in weed samples of BDL-2.57 1.43 µg/kg, while sediment samples had the lowest levels
of BDL and 1.43 µg/kg. The mid-stream samples had higher levels than both the up stream and
the down stream, probably due to intense industrialisation and farming activities at the midstream
section. 
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1. Introduction

Kenya's  physical  features  are  varied;  while  much  of  northeastern  Kenya  is  a  flat  plain,  the
remainder of the country encompasses the Great Rift Valley and the magnificent Mount Kenya.
The land altitude rises from the sea level on the western Indian Ocean shores to 5,500 m on
snow-capped Mt. Kenya at the Equator. Kenya covers 581,309 km2 and has a population of about
38.6 million (KNBS, 2009).The country is named after Mount Kenya, the second highest mountain
in Africa (CIA, 2009).
Eighty three percent (83 %) of the Kenya’s population in depends on a small fraction of about 15
% of the land area to earn their livelihood through agriculture, wood/timber, tourism and service
industries (Ogallo and Mwangi, 1996). This has resulted in an acute competition between land-
use for socio-economic activities and water- cycle. The results of this competition are devastating
changes on the environment and in the hydrological regime. Flash floods, soil erosion, reduced
groundwater recharge and decimated river flows are some of the consequences.  The primary
source of fresh water in Kenya is rainfall, which is unevenly distributed in the country. Reliability
of its occurrence even in areas of high rainfall is low and most of the country suffers from drought.
March to May is the long rain season months in most parts of the country, while short rains are
experienced from October through December (KMD, 2013). 
Agriculture remains the most important economic activity in Kenya, whereby, about 80 % of the
work force engages in agriculture or food processing (NEAP, 1994). Kenya is a leading producer
of tea and coffee, as well as the third-leading exporter of fresh horticultural produce, such as
cabbages,  onions  and  mangoes.  There  are  different  types  of  livestock  farming  practiced  in
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Kenya: beef farming, sheep farming, goat farming, pig farming and poultry farming.  The use of
pesticides in their various agricultural sectors therefore, plays a major role in maintaining high
levels of agricultural production in Kenya (Mwaisaka, 1999). Pesticides are defined as any agent
intended for preventing, destroying, repelling, or mitigating any pest (U.S. EPA, 2007). They are
classified  into  groups,  such  as  insecticides,  acaricides,  nematocides,  herbicides,  avicides,
rodenticides and molluscicides depending upon the species of the pest (Farrely et al., 1984).
The current study therefore set out to analyse chlorpyrifos in water, sediment and weed samples
collected  from the  upper  Tana River.  The  weed  analysed  in  the  study  include:  Pennisetum
Purpureum (Napier grass),  Cyperus Rotundus (Nut grass)  and  Elymus Elymoides (squirreltail
grass). Chlorpyrifos which is an organophosphate pesticide was analysed in this study since it is
on rampant use on domestics animals and food crops in the area. The analysis of the chlorpyrifos
residue was done using 4(GC/MS).

2. Experimental
2.1 Sampling and sample pre-treatment 
Ten sampling sites were selected, which include: Makuyu, Sagana, Murang’a, Kirinyaga, Tetu,
Karatina, Marua, Kiganjo, Hombe and Ndathi and their distribution is shown in Figure 2.1; River’s
profile. The river was classified into upstream, midstream, and downstream.

Figure 2.1: A map showing the sampling points in the study area

2.2 Reagents and solvents

All the chemicals and reagents used in this research are as shown in Table 2.1 below
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Table 2.1: A list of Equipment and Chemicals used in the study

Item No. Equipment/
Chemical/
Solvent

Manufacturer Purity Vendor

1.
Dichloromethane 
(DCM) New  Delhi-b110

020 India
GPR Fisher, Kenya

2.
Mercuric chloride New Delhi -b110 

020 India
99.8 % Fisher, Kenya

3.
Copper powder New Delhi -b110 

020 India
99.6 % Fisher, Kenya

4.
An hydrous 
sodium sulphate

New Delhi-b110 
020 India 

99.7 % Fisher, Kenya

5.
Sodium chloride New Delhi -b110 

020 India
99.9 % Fisher, Kenya 

6.
Aluminium oxide New Delhi -b110 

020 India
99.7 % Fisher, Kenya

7.
Hydrochloric acid 
(HCL)

New Delhi -b110 
020 India

99.8 % Fisher, Kenya

8.
Disodium 
hydrogen 
phosphate

New Delhi -b110 
020 India

99.7 % Fisher, Kenya

9. Methanol
New Delhi -b110 
020 India

99.6 % Fisher, Kenya

10. Isooctane
New Delhi-b110 
020 India 

99.7 % Fisher, Kenya

11. Chlorpyrifos
standard

New Delhi-b110 
020 India 

99.8 % Fisher, Kenya

12. PCB 155 standard A-3  Okhla
Industrial

 area, Phase -1

  99.5 % New  Delhi-110
020 (India)

Key: GPR- General Purpose Reagent

2.3 Reagents preparation
Anhydrous sodium sulphate, Na2SO4 was prepared by heating for 16 hours at 150 oC in the oven
to remove all the impurities. Aluminum oxide (Al2O3) was activated by heating at 150 oC for 16
hours.  To deactivate the Al2O3, 8 ml of HPLC grade water was added to every 100 g of the
activated  portion and  used where  appropriate.  For  laboratory work,  the  commercial  acetone,
hexane and dichloromethane were each triple distilled before use.

2.4 Sample Extraction and sample analysis
Water samples were extracted by liquid-liquid partitioning using dichloromethane as follows: One
litre of the sample was transferred into a 2.0 litre separatory funnel. 50 ml of the buffer was added
to each sample to neutralize the solution to pH 7. The buffer was prepared by mixing 0.1 M of
Hydrochloric acid and 0.1 M of disodium hydrogen phosphate in the ratio of 1:2. The mixture was
shaken with 100 g of sodium chloride to salt out the pesticides from the aqueous phase. Sixty ml
of triple distilled dichloromethane was added and the mixture shaken for two minutes and allowed
to settle for 30 minutes.  The organic layer was separated and filtered using glass wool.  The
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extract was then concentrated using a rotary evaporator at 60 oC, and reconstituted in 5 ml HPLC
isooctane before transferring into the vials for GC-MS analysis. 
The frozen sediment samples were allowed to thaw out for at least 5 hours in the laboratory. A 20
g portion of each sample was weighed in triplicate and mixed with 5 g anhydrous Na 2SO4 and
ground using mortar and pestle to form an homogenous powder. The dried samples were placed
in a thimble and spiked with 100 µl of PCB 155 as a recovery standard, then transferred into a
Soxhlet  extractor.  The mixture was extracted with  130 ml of  hexane:  acetone (3:1 v/v)  for a
minimum of 16 hrs. 2 ml of isooctane was then added as a keeper and the extract concentrated
to  1  ml  using  rotary  evaporator  and  stored  awaiting  the  clean-up  and  the  GC-MS analysis
processes. 

The weed samples were air dried prior to extraction. They were then ground using a blender in
order  to  increase  the  surface  area  for  thorough  interaction  with  the  acetone  solvent  during
extraction.  10 g  of  each sample was weighed in  triplicate  into  150 ml  Erlenmeyer  flask and
extracted for 16 hours with 50 ml of triple distilled acetone on an orbital shaker. The extract was
filtered through Buchner funnel fitted with filter papers No.1. Two (2) ml of isooctane was then
added to the extract as a keeper prior to concentration process, which was done using a rotary
evaporator.  The 1 ml  extract  obtained  after  the  concentration  process  was  then  stored  in  a
refrigerator at 4 oC, awaiting clean up and analysis processes.

2.5 Preparation of the calibration curves 
Stock standard solution (a mixture of organochlorines and chlorpyrifos) was prepared using 
isooctane. Working standards for GC-MS calibration were prepared by serial dilution of the stock 
standard solutions using isooctane.

 2.6 Statistical analysis of Data
The statistical analysis and the drawing of calibration curves was done  using Microsoft excel and
ANOVA,  while  the  relationship  between  pesticides  concentration  and  the  physico-  chemical
parameters  were  done  using  Pearsons’  correlation  Statistical  Package  for  Social  Scientists
(SPSS 10). 
3. Results and Discussions
The results of the identification and quantification of Chlorpyrifos at each of the ten sampling
points including their seasonal variations, determination of other physico-chemical parameters in
the matrices and the correlation of those physico-chemical parameters with the chlorpyrifos over
the two years of sampling and analyses, are presented in this section. 

3.1 Chlorpyrifos residues in water samples
The residues were  in the range of < 0.0001 to 6.80µg/L. The highest level was found in Tetu
situated at the mid-stream section. At the same time the highest chlorpyrifos average level of 5.24
µg/L was recorded at Point 6 (Karatina) located at the midstream and lowest average level of
1.02 µg/L was detected of point 10 (Ndathi) located at the upstream as shown in Figure 3.1. The
concentrations of chlorpyrifos residue levels were low at point 10 probably due to limited crop and
cattle farming activities in the area.
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                          Figure 3.1: Distribution of chlorpyrifos residues levels in sediment         Figure 3.2: Average chlorpyrifos residue 
levels in water 

3.2 Chlorpyrifos residues in sediment sample
The chlorpyrifos residues levels in sediment samples ranged between < 0.0001 and 1.43 µg/kg
based on dry weight as shown in Figure 3.2. The highsest of 1.43 µg/kg was recorded in June, 09
at point 6 (Karatina).

3.3 Chlorpyrifos residues in sediment samples
The residue levels were in the range of 0.01 to 2.57 µg/kg. The highest level of 2.57 µg/kg was
detected at Point 7 (Marua), situated in the midstream. The highest average level of chlorpyrifos
for the two years of sampling was observed at Point 5 (Tetu) 0.68 µg/kg situated at the midstream
section, while the lowest level of 0.09 µg/kg was detected at Point 2 (Sagana) located at the
upstream as shown in Figure 3.3. 

Figure 3.3: Average chlorpyrifos residue levels in weed samples from each point

3.4 Seasonal variation of chlorpyrifos in the three samples
The  concentration  of  chlorpyrifos  residue  in  all  the  samples  were  affected  by  the  seasonal
changes where they shown a general trend of concentration levels: long rains>short rains >dry
season. For example Figure 3.4 shows the season variation of chlorpyrifos in water samples.
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Figure 3.4: Seasonal variation of chlorpyrifos in water samples 

3.5 Comparison of the total chlorpyrifos in water, sediment and weed samples
The units of the water residue levels were converted from µg/L to µg/kg which corresponds to the
sediment and weed samples’ units. This was by assumption that the density of  liquid water is
normally given as 1 g/cm3. The total chlorpyrifos residue levels in all the samples analysed in this
study  portrayed  a  general  trend  as  water>  sediment>weed  as  shown  in  Figure  3.5.  Water
samples had the highest total chlorpyrifos residue levels of 29.39 µg/kg, followed by the sediment
samples with a total concentration of 4.26 µg/kg residue levels and the weed samples had the
lowest total chlorpyrifos residue levels of 3.46 µg/kg. Since chlorpyrifos degrades easily, very low
amount is expected to adsorb on the sediment hence a probable reason for the low concentration
observed in sediment samples as compared to those in water samples.

Figure 3.5: Comparison of chlorpyrifos residue levels in water, sediment and weed samples

3.6 Correlation of chlorpyrifos residue levels with physico-chemical parameters 
Correlation  coefficients  between chlorpyrifos residue  levels  with  physico-chemical  parameters
showed positive correlation in most cases as indicated in Table 3.1. Chlorpyrifos-Conductivity,
chlorpyrifos-TSS and chlorpyrifos-  TDS showed a  correlation  coefficient  of  0.379,  0.086  and
0.379 respectively. 

3.7 The correlation of chlorpyrifos in water, sediment and weed samples
The chlorpyrifos residue levels in water also showed positive Pearson correlation coefficients of
0.699 and 0.619 for water-sediment and water-weed, respectively.

3.8 Some of the chromatographs obtained in the study are as shown in Figure 3.6 and 3.7.
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 Figure 3.6: Chromatogram of chlorpyrifos Standard using GC-MC
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Figure 3.7: The TIC and SIM of chlorpyrifos spectrum   

Key: TIC- Total Ion Count; SIM- Single Ion Mode

4 Conclusion
The concentration of chlorpyrifos residue levels was detected in the range of < 0.0001 to 6.80
µg/L in water samples. The highest chlorpyrifos average level of 5.24 µg/L in water samples was
recorded at Point 6 (Karatina) located at the midstream section and lowest level of 1.02 µg/L was
detected of Point 10 (Ndathi) located at the source. The concentration of chlorpyrifos residue
levels was low at Point 10 (Ndathi) probably due to limited crop and cattle farming activities in the
area.  All the water samples analysed for chlorpyrifos had the residue levels lower than the set
guidelines for chlorpyrifos residue levels in drinking water by WHO and Newzealand of 40 µg/L
and 70 µg/L, respectively. The sediment samples had chlorpyrifos residue levels in the range of <
0.0001 and 1.43 µg/kg while in the weed samples the levels were in the range of <0.0001 to 2.57
µg/kg.  Concentrations of OCs and chlorpyrifos residue levels were highest in samples collected
from the mid-stream of the upper Tana River, probably because of the intense crop and cattle
farming.  Higher concentration of chlorpyrifos was detected during the wet seasons than during
the dry seasons. This could be attributed to fast biodegradation of the chlorpyrifos and probably
as a result of recent wash off from the farms, cow dips and cow sheds during the wet seasons.

7

7



Acknowledge 
We acknowledge God for strength and making the ideas of this study come to reality. We also
thank IFS for  sponsoring this  study financially.  We are also  grateful  to  University  of  Nairobi
especially  the  Department  of  Chemistry  for  the  facilities  provided  throughout  the  study,  and
without forgetting the KEPHIS research institute for the GC/MS machine used for the analysis. 

References
 [1] CIA (Central Intelligence Agency) (2009). "Kenya". The World Factbook. Retrieved 23 

January 2010. The contested Record of US Foreign Policy.

[2] Farrelly, E., Hamer, M. J., and Hill, I. R., (1984). Toxicity to first instar Daphnia magma (Report
No. RJ0359B, submitted to WHO by ICI).  pp 321.

[3] KMD (Kenya Meteorological Department) (2013). The outlook for the Mrch-April-May (MAM) 
2013 “Long rain” season in Kenya. Ref. No. KMD/FCST/5-2013/SO/01. Dagoretti Corner.

[4] KNBS (Kenya National Bureau of Statistics) 2009. Population and Housing Census results. 
Directorgeneral@knbs.or.ke USAID, UNFPA & SIDA.

[5] Meister, R. T., (1992). Farm chemicals handbook. Meister publishing company. Willoghby, 
OH.

[6]  Mwaisaka P., (1999). Government applauds efforts. Agrochem News, Nairobi, Kenya:5 
(11):1.

[7] NEAP, (The Kenya National Environment Action Plan) (1994). Report for the Ministry of 
Environment and National Resources. Nairobi, Kenya: Ministry of Environment and 
Natural Resources.

[8] Ogallo, L. A. and Mwangi, R. W., (1996). Implications of the expected climate changes on the 
low-lying parts of Kenya. IN: Environment and development, A public lecture series. 
KNAS press, Nairobi.

[9] U.S. Environmental Agency, (2007). What is a pesticide? epa.gov. guide.pdf.

[10] WFB (2008). The World Fact Book . Central Intelligence Agency. Retrieved 2008-12-20.

8

8

http://www.pops.int/documents/guidance/beg_guide.pdf
http://www.epa.gov/pesticides/about/index.htm
mailto:Directorgeneral@knbs.or.ke
http://en.wikipedia.org/wiki/The_World_Factbook
https://www.cia.gov/library/publications/the-world-factbook/geos/ke.html
http://en.wikipedia.org/wiki/Central_Intelligence_Agency

	Kithure J.G.N.
	Abstract
	Table 2.1: A list of Equipment and Chemicals used in the study
	2.3 Reagents preparation
	2.4 Sample Extraction and sample analysis
	2.5 Preparation of the calibration curves
	2.6 Statistical analysis of Data
	3. Results and Discussions
	Figure 3.4: Seasonal variation of chlorpyrifos in water samples
	3.5 Comparison of the total chlorpyrifos in water, sediment and weed samples
	3.6 Correlation of chlorpyrifos residue levels with physico-chemical parameters
	3.7 The correlation of chlorpyrifos in water, sediment and weed samples
	Figure 3.6: Chromatogram of chlorpyrifos Standard using GC-MC
	Figure 3.7: The TIC and SIM of chlorpyrifos spectrum




