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Abstract
Production and use of most organochlorine pesticides (OCPs) was banned through the Stockholm Convention on persistent
organic pollutants. However, appreciable amounts are still detected in the environment due to their persistence, illegal use, and
releases from contaminated soils and obsolete stocks. The present study investigated the levels of OCP residues in Nairobi River.
Sediment and water samples were collected from three sites along the river and screened for 17 OCPs using gas chromatography
electron capture detector (GC-ECD). Mean pesticide residues ranged from 0.01 to 41.9 μg kg−1 in sediment and below detection
limit to 39.7 ng L−1 in water. In sediment α-HCH, β-HCH, γ-HCH, heptachlor epoxide, and p,p′-DDD were detected in all
samples, whileα-HCH, γ-HCH, δ-HCH, heptachlor epoxide, endosulfan I, and endrin were detected in all water samples. Levels
of OCPs in water were below the WHO maximum allowable limits for surface water. However, values higher than the sediment
quality guidelines for sediment samples in Racecourse Road Bridge and Outering Road Bridge were reported, thus confirming
the toxicity to aquatic organisms. Consequently, as these compounds are known to bio-accumulate in fatty tissues, continued use
of the river water poses a health risk to animals and humans.

Keywords Nairobi River . Organochlorine pesticides . Persistent organic pollutants . Gas chromatography electron capture
detector . Residues

Introduction

Pesticides use in Kenya spans over 10 decades. Sodium arse-
nate was the first pesticide to be introduced for tick control in
1912, followed by organochlorine pesticides (OCPs) such as
technical HCH in 1949, toxaphene in 1950, DDT in 1956, and
dieldrin in 1961 (Wandiga 2001). Consequently, use of OCPs
resulted in to environmental contamination, with the earliest
work by Williams et al. (1997) on OCPs in inshore sediments
and waters from Mombasa reporting levels up to 460 μg kg−1

dry weight for DDT and less than 100 μg kg−1 for the other

pesticides. Later, Everaarts et al. (1998) reported levels ranging
from bdl to 2.6 μg kg−1dry weight of the investigated pesticides
in sediments along the Kenyan coast. Similar works reported
OCP residues in the range of 0.5–9.0 ng L−1 in water and 0.6–
59 μg kg−1 in sediments along the Indian ocean (Wandiga et al.
2002), 25–484 ng L−1 in water from Tana river, and 18.0–
58.0 ng L−1 and bdl–108.5 μg kg−1 in water and sediments,
respectively from Sabaki River (Lalah et al. 2003). A separate
study carried out in Lake Victoria also detected OCPs in the
range of bdl–360 ng L−1 and bdl–69.6 μg kg−1 in water and
sediment, respectively (Wandiga and Madadi 2009) and 1.0 ×
103–1.24 × 106 ng L−1 in water from River Nyando basin
(Getenga et al. 2004). These reports are a clear evidence of
the trail of contamination left behind through the use of OCPs.

Since 2004, due to evidence of adverse health effects,
coupled with properties of long-range transport, persistence,
and bioaccumulation, a global action to ban the production
and use of most OCPs took place through the adoption of
the Stockholm convention on persistent organic pollutants
(POPs) (UNEP 2004). As a result, most of the OCPs are no
longer in use while others are restricted for use. Despite these
efforts, appreciable amounts continue to be detected in the
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environment due to their persistence, illegal use, and releases
from obsolete stocks. There is therefore a great need for con-
tinued monitoring of these compounds to track the progress
toward their complete elimination from the environment,
which also provides a mechanism for detecting any illegal use.

Monitoring of these compounds in urban aquatic environ-
ments is of particular importance because these waters are
exposed to all kinds of pollutants. One important aquatic sys-
tem, which has received minimal attention as far as monitor-
ing of OCPs is concerned, is the Nairobi River, which passes
through Nairobi, the capital city of Kenya. In the last five
decades, rapid urbanization and industrialization of the city
without proper environmental pollution controls have
disrupted the river ecology through discharge of municipal
and industrial effluents, storm water, and agricultural runoff
(Kithiia and Wambua 2010; Muniafu and Otiato 2010;
Mwinyihija 2012; Wang et al. 2012). So far, past studies on
the extent of contamination have focused on physico-
chemical parameters and heavy metals (Dulo 2008; Karanja
et al. 2010; Musyoki et al. 2013; Mutune et al. 2014), with no
reports on levels of contamination with OCPs. Therefore, the
present study contributes to knowledge on state of contami-
nation of the river with OCPs and serves as a guide in policy
formulation toward restoration of the river.

Materials and methods

Chemicals and reagents

Dichloromethane (DCM), n-hexane, acetone, analytical grade
anhydrous sodium sulfate, copper powder, disodium hydro-
gen phosphate, aluminum oxide 90 (70–230 mesh, Merck),
and hydrochloric acid were purchased from Scielab Chemical
Suppliers, Nairobi. HPLC grade isooctane and methanol were
purchased from Fischer Scientific Kenya Ltd. Sodium sulfate
was purified by baking at 200 °C for 12 h, while alumina was
activated for 12 h at 200 °C followed by deactivation with 8%
HPLC water.

Collection of water and sediment samples

Sampling was done over a period of 6 months, i.e., from
February to July 2009 to capture two major seasons experi-
enced in Nairobi (i.e., the dry season from December to
February and wet season from March to May). Three sites
were chosen to cover the river profile and included: James
Gichuru Bridge—upstream (01°16′02 S, 036°46′29 E),
Racecourse Road Bridge—midstream (01°16′58 S, 036°50′
01 E), and Outering Road Bridge—downstream (01°15′52
S, 036°52′46 E) (Fig. 1). A total of 54 sediments and 54 water
samples were collected for analysis. Water was collected by
grab method into 2.5 L amber glass bottles, while sediments

were collected using a stainless steel shovel from three differ-
ent spots within a radius of 2 m around the sampling site and
homogenized on an aluminum foil. A representative sample of
500 g was wrapped using aluminum foil and put in a zip lock
sealing bag, then transported to the laboratory in Colman cool-
er boxes containing ice cubes. Sediment samples were stored
in a freezer at − 20 °C and water samples in a refrigerator at
4 °C.

Extraction of OCPs from the samples

Water was extracted by liquid-liquid partitioning using DCM.
One liter was transferred into a 2-L separatory funnel and
spiked with 100 ng of PCB 155 as a recovery standard. The
pH of the water was adjusted to 7, when applicable, using a
phosphate buffer. Hundred grams of NaCl was added to salt
out organic compounds into organic phase then 60 mL of
DCMwas added and the mixture was shaken thoroughly with
continuous venting to release excess pressure. The organic
phase was collected in Erlenmeyer flask and extraction was
repeated twice with 60-mL portions of DCM. The combined
extracts were dried using anhydrous Na2SO4 and 2 mL isooc-
tane was added to the extract as a keeper, after which the
extract was reduced to approximately 1 mL using
LABCONCO rotary evaporator.

For sediments, frozen samples were removed from the
freezer and allowed to thaw overnight. Twenty grams was
weighed in triplicates, and each portion was mixed with
60 g of anhydrous Na2SO4, then ground in a mortar and pestle
so as to homogenize. The dried samples were transferred into
Soxhlet thimbles, and spiked with 100 μL of PCB 155 as a
recovery standard. Extraction was carried out using 130mL of
n-hexane: acetone (3:1 v/v) for 16 h, after which 2 mL of
isooctane was added as a keeper and the extract concentrated
to 1 mL.

Clean up of extracts and sulfur removal

Extracts were cleaned by eluting through a chromatographic
column packed with 15 g of deactivated aluminum oxide and
eluted with 167 mL of n-hexane. Two milliliters of isooctane
was added to the hexane and reduced to 1 mL. Sediment ex-
tracts were taken through an additional step of sulfur removal
using copper. Before use, copper was activated using dilute
hydrochloric acid (1:3), rinsed three times withmethanol, dried
and stored in an airtight glass vial. Approximately 250 mg of
activated copper powder was added to the 1-mL extract and
allowed to equilibrate until all the sulfur had reacted with cop-
per as confirmed by the formation of black copper sulfide. To
remove the copper sulfide, the extract was passed through
anhydrous Na2SO4 packed in Pasteur pipette, and the eluate
reduced to 1 mL then transferred into 1.5-mL autosampler
vials. All the extracts were further reduced to 500 μL under a
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gentle stream of white spot nitrogen. Finally, 100 ng of PCB
198 was added to each extract in the autosampler vial as sy-
ringe standard before GC-ECD analysis.

Quality assurance and quality control

Quality control measures taken included the following: matrix
spike with a surrogate recovery standard prior to extraction to
check extraction efficiency, analysis of replicate samples, and
use of field blanks. Field blanks consisted of distilled water
and anhydrous Na2SO4whichwere carried along during every
field trip. They were subjected to the entire analytical proce-
dure as the samples. PCB 155 was used as surrogate standard,
whereas PCB 198 was used as the syringe standard to monitor
the sensitivity and fluctuations of the ECD detector.

Quantification of OCPs

Analysis of sample extracts and standards was performed
using Varian CP 3800 gas chromatograph equipped with elec-
tron capture detector (ECD) and fitted with BPX 5 capillary
column of dimensions 30 m × 0.25 mm i.d × 0.25-μm film

thickness and confirmatory test done using a second column
of different polarity BPX 50 of dimensions 60m × 0.25mm×
0.25 μm from SGE Analytical Sciences.

Helium (99.9995% purity) and white spot nitrogen from
BOC Kenya Ltd. were used as the carrier and the make-up
gas, respectively. The oven temperature was initially set at
90 °C (hold time 3 min), ramped from 90 °C to 190 °C at
8 °Cmin−1 (hold time 10min), ramped from 190 °C to 220 °C
at 4 °C min−1 (hold time 10 min), and finally ramped from
220 °C to 275 °C at 5 °Cmin−1 (hold time 16min). A constant
carrier gas flow rate of 1.0 mLmin−1 was maintained through-
out the temperature program while the injector and detector
temperatures were set at 250 °C and 300 °C, respectively.
Injection volume of 1 μL was used for both the samples and
standards following a splitless injection mode. Identification
of the compounds was achieved by comparing the retention
times of the samples with those of the individual organochlo-
rine pesticides standards, while quantitative analysis was
based on multilevel calibration curves prepared by plotting
normalized peak areas against the concentrations of respective
pesticide standards; resulting into curves with correlation co-
efficients (r2) greater than 0.998 (Table 1).

Fig. 1 Map of the study area showing the three sampling sites along Nairobi River, i.e., James Gichuru Bridge, Racecourse Road Bridge and Outering
Road Bridge
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Results and discussion

Level of OCPs in sediment

Analysis of blank samples showed no peaks for the analytes of
interest, thus eliminating any possibility of cross contamina-
tion from the field and glassware used. PCB 155 surrogate
standard recoveries ranged from 69.7 to 84.6% for water and
70.1 to 79.2% for sediment (Table 1), which was within the
recommended range of 70–120% (Webster et al. 2013). The
limit of detection (LOD) ranged from 1.1 to 3.1 pg, and OCP
levels below the LOD were reported as below detection limit
(bdl), while limit of quantification (LOQ) ranged from 3.3 to
10.2 pg (Table 1). Precision expressed as relative standard
deviation (RSD) was in the range of 0.5–4.3% (Table 1).

Sampling sites covered upstream, midstream, and down-
stream of the river so as to track any possible input of contam-
inants as the river flows along informal settlements, the central
business district of Nairobi City, and numerous light industries
downstream. Sediments were selected as matrices of interest
for assessment since they acts as sinks for most hydrophobic
organic contaminants, which strongly bind to the particulate
matter owing to their high octanol-water partition coefficient
(Kow) (Hiller et al. 2011; Floehr et al. 2013). The 17 OCPs
screened in sediment samples had concentrations range from
bdl to 68.1 μg kg−1 (Table 2), with α-HCH, β-HCH, γ-HCH,
heptachlor epoxide, and p,p′-DDD being most frequent with
detection frequency of 100%. Endrin aldehyde recorded the

highest mean concentration of 41.9 ± 29.0 μg kg−1 followed
by endrin, p,p′-DDE, and β-HCH.

Among the HCH isomers analyzed, β-HCH was the
highest in all the sites, which was attributed to its high envi-
ronmental stability and low volatility (Wu et al. 1997;
Kinyamu et al. 1998). There is also a possibility of α-HCH
and γ-HCH transforming to β-HCH isomer, therefore making
it the most predominant contaminant (Willet and Ulrich
1998). A similar trend for β-HCH has also been reported by
Doong et al. (2008) and Salem et al. (2013). The low levels of
lindane (γ-HCH) were attributed to its restricted use, and
transformation to β-HCH, with its presence also signifying
past use of the pesticide. α-HCH gave the lowest concentra-
tion among the isomers probably due to its high vapor pres-
sure and Henry’s law constant and therefore readily lost
through volatilization (Hong et al. 2003).

Among the DDT metabolites, p,p′-DDE recorded the
highest concentration, which was attributed to its abundance
and persistence in the environment (CCME 1999). The main
contributors to ∑DDTs were p,p′-DDE and p,p′-DDD, where
the same phenomenon was observed by Covaci et al. (2005).
To ascertain whether the reported levels of DDT in the present
study were due to current or past application, the ratio of p,p′-
DDT to its metabolites, i.e., p,p′-DDE and p,p′-DDD was
applied. A ratio greater than 0.5 is an indication of recent
DDT application (Wasswa et al. 2011). In the present study,
the ratio was 0.04, 0.16, and 0.10 for James Gichuru Bridge,
Racecourse Road Bridge, and Outering Road Bridge,

Table 1 Analytical figures of merit

Pesticide Linearity (R2) LOD (pg) LOQ (pg) Accuracy (%) Sensitivity (%) Precision (%) Confirmatory studies of OCP
levels using a second column

Water Sediments

α-HCH 0.9980 2.1 6.9 70.5 73.1 4.2 1.7 0.3 ± 0.0

β-HCH 0.9983 1.0 3.3 83.2 74.2 5.5 0.5 2.6 ± 1.0

γ-HCH 0.9998 1.2 4.0 77.2 75.4 9.3 2.7 0.4 ± 0.2

δ-HCH 0.9983 1.4 4.6 82.1 72.2 5.0 3.1 0.2 ± 0.1

Heptachlor 0.9986 1.6 5.3 70.3 70.1 10.0 2.2 1.4 ± 1.2

Heptachlor epoxide 0.9980 2.0 6.6 70.9 74.6 8.6 4.3 0.7 ± 0.2

Aldrin 0.9995 2.2 7.3 69.7 71.4 2.3 0.6 0.2 ± 0.0

Dieldrin 0.9991 2.5 8.3 83.9 78.7 8.0 3.5 0.5 ± 0.1

Endrin 0.9996 3.1 10.2 84.6 79.1 5.5 0.8 12.1 ± 8.5

Endrin aldehyde 0.9980 1.6 5.3 70.2 79.2 2.5 2.5 2.6 ± 1.7

Endosulfan I 0.9983 1.8 5.9 75.5 70.1 3.6 1.5 0.4 ± 0.1

Endosulfan II 0.9991 2.0 6.6 77.9 77.9 4.8 2.1 0.2 ± 0.0

Endosulfan sulfate 0.9999 2.7 8.9 74.5 76.5 11.2 0.6 3.0 ± 0.1

p,p′-DDE 0.9987 2.9 9.6 72.6 73.3 8.1 2.1 8.3 ± 2.3

p,p′-DDD 0.9993 3.0 9.9 83.3 76.3 5.3 3.2 0.4 ± 0.2

p,p′-DDT 0.9995 2.8 9.2 79.1 79.1 8.2 1.2 0.3 ± 0.1

Methoxychlor 0.9957 2.5 8.3 80.1 74.9 5.2 2.1 0.2 ± 0.0
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respectively suggesting that the recorded levels of p,p′-DDT
were due to previous use of DDT rather than recent
application.

Pesticide levels in sediments in the present study were
within what has been reported before in Indian Ocean and
Lake Victoria (Wandiga et al. 2002; Wandiga and Madadi
2009), but lower than reported levels in Tana River and
Nyando drainage basins (Lalah et al. 2003; Getenga et al.
2004). Compared to other parts of the world, pesticide levels
were comparable except for the highly polluted Tonghui
River, Beijing (Table 3). Generally, it can be concluded that
use of OCPs has declined considerably mainly due to the ban
in usage, and subsequent shift to less persistent organophos-
phorus, carbamates, and pyrethoid pesticides.

To determine the ecotoxicological risks posed by OCPs on
benthic organisms, we compared the level of OCPs in the
present study against the commonly used sediment quality
guidelines (SQGs), i.e., effect range-low (ERL) and effect
range-median (ERM) (Long et al. 1995) as well as the thresh-
old effect level (TEL) and the probable effect level (PEL)
(CCME 1999). TEL and ERL represents the sediment con-
tamination below which adverse effects on sediment-dwelling
organisms are expected to rarely occur, while PEL and ERM
represents the guideline concentration above which adverse
effects are expected to occur frequently. These guidelines are
based on chronic and long-term effects of contaminant con-
centrations on benthic organisms. Outering Road Bridge and

Racecourse Road Bridge had the maximum concentration of
p,p′-DDE exceeding all the limits suggesting a high ecological
risk to benthic organisms. For Endrin, Outering Road Bridge
had the maximum concentration exceeding ERM suggesting
probability for occurrence of adverse health effects. James
Gichuru Bridge had values of the pesticides detected being
lower than the available limits except for p,p′-DDE, which
gave maximum concentration values exceeding PEL, ERL,
and TEL (Fig. 2). The fact that the reported levels of some
pesticide exceeded the available SQGs serves as a further
proof that the water is not fit for any use since humans and
animals are at a higher risk of exposure with subsequent ad-
verse health effects.

Levels of OCPs in water

Pesticide levels in water ranged from bdl to 86.7 ng L−1

(Table 4) with heptachlor recording the highest mean concen-
tration followed by β-HCH, aldrin, and heptachlor epoxide.
OCPs are hydrophobic and have low water solubility, thus
partition in sediment in aquatic systems and low concentra-
tions are expected on the water column as was the case in the
present study. The most frequent OCPs in water wereα-HCH,
γ-HCH, δ-HCH, heptachlor epoxide, endosulfan I, and endrin
with detection frequency of 100%. p,p′-DDT and methoxy-
chlor had levels below detection limit in all the sampling sites.
While p,p′-DDT was not detected in water samples, its

Table 2 Range and mean concentration of OCP residues in sediment (μg kg−1 dry weight); n = 3

Pesticide/sampling site James Gichuru Bridge Racecourse Road Bridge Outering Road Bridge Detection
frequency

Range Mean ± SDa Range Mean ± SD Range Mean ± SD %

α-HCH 0.1–0.9 0.2 ± 0.0 0.1–2.0 0.7 ± 0.2 0.1–0.5 0.2 ± 0.1 100

β-HCH 1.7–3.8 2.7 ± 1.0 0.7–10.0 8.3 ± 3.3 4.7–12.2 8.7 ± 2.6 100

γ-HCH 0.2–1.3 0.4 ± 0.2 0.2–2.5 1.0 ± 0.9 0.5–1.5 0.9 ± 0.5 100

δ-HCH 0.1–0.4 0.2 ± 0.1 bdlb–2.7 1.5 ± 0.4 0.1–1.2 0.4 ± 0.2 83

Heptachlor bdl–2.9 1.4 ± 1.2 0.4–0.8 0.5 ± 0.3 bdl–2.6 1.3 ± 1.1 67

Heptachlor epoxide 0.4–0.9 0.7 ± 0.2 0.4–0.8 0.6 ± 0.2 0.5–1.1 0.7 ± 0.2 100

Aldrin bdl–1.0 0.2 ± 0.0 bdl–0.4 0.2 ± 0.1 bdl–6.4 4.2 ± 2.6 50

Dieldrin bdl–1.7 0.6 ± 0.2 bdl–1.0 0.5 ± 0.3 0.2–2.0 0.8 ± 0.7 67

Endrin 4.2–29.5 12.1 ± 9.4 bdl–34.7 21.1 ± 12.9 13.9–59.9 30.1 ± 16.7 83

Endrin aldehyde bdl–4.8 2.6 ± 1.7 0.02–5.7 2.3 ± 1.6 0.3–68.1 41.9 ± 29.0 83

Endosulfan I 0.1–0.4 0.2 ± 0.1 bdl–1.2 0.4 ± 0.1 0.2–3.6 1.9 ± 1.3 83

Endosulfan II bdl–0.1 0.01 ± 0.00 bdl–6.4 1.2 ± 0.5 1.3–6.2 2.8 ± 1.8 67

Endosulfan sulfate bdl–6.8 2.0 ± 0.0 bdl–3.6 1.0 ± 0.6 bdl–11.4 6.3 ± 5.1 50

p,p′-DDE 4.5–11.2 8.3 ± 2.3 bdl–30.6 10.3 ± 5.2 9.9–65.3 27.3 ± 21.0 87

p,p′-DDD 0.1–1.4 0.4 ± 0.2 0.1–14.4 4.8 ± 1.7 0.1–14.4 4.6 ± 2.6 100

p,p′-DDT bdl–0.7 0.3 ± 0.1 bdl–3.4 2.2 ± 1.7 bdl–6.1 3.1 ± 2.2 50

Methoxychlor bdl–1.0 0.2 ± 0.0 bdl–0.3 0.10 ± 0.06 bdl–4.5 1.6 ± 0.7 50

a SD, standard deviation
b bdl, below detection limit
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metabolites were detected, suggesting contamination due to
the past application regimes in the region. As was in the case
for sediments, β-HCH was the most dominant of all the HCH
isomers. OCP levels in the present study were compared to
WHO set limits for drinking water, which are 1000 ng L−1 for
DDT, 30 ng L−1 for aldrin and dieldrin (combined),
600 ng L−1 for endrin and 20,000 ng L−1 for methoxychlor
(WHO 2011). The mean values were all below the guideline
values. However, this does not mean that the water is safe for

consumption and precaution on use of the water needs to be
taken since the compounds are known to bio-accumulate in
living organisms leading to adverse health effects.

Statistical analysis using SPSS revealed a significant neg-
ative correlation (p < 0.01, r = − 0.934) between pesticide res-
idues in sediments and water. This confirms the strong inter-
action between sediments and water where the sediments act
as the secondary source of contaminants by releasing the
bound OCPs into the water column under favorable

Table 3 Levels of OCPs in surface sediment and water from different parts of the world

Region Sediment (μg kg−1 dry wt) Water (ng L−1) Reference

Babitonga bay, Brazil bdl–122 (∑DDTs)a Rizzi et al. (2017)

Bizerte lagoon, Tunisia 1.1–14.0 (∑4OCPs)b Barhoumi et al. (2014)

Mediterranean Coast, Egypt 0.09–14.11c Salem et al. (2013)

Lake Victoria, Uganda bdl–15.96d Wasswa et al. (2011)

Densu River basin, Ghana bdl–10.98e bdl–185 Kuranchie-Mensah et al. (2012)

Gao-ping River, Taiwan 0.47–47.4 (Σ15OCPs)f Doong et al. (2008)

Tonghui River, Beijing, China 1.79–13.98 134.9–3788 (Σ18OCPs)g Zhang et al. (2003)

Scheldt River, Belgium 6.6–27.6 (∑DDTs) h Covaci et al. (2005)

a∑DDTs =DDT, DDE, and DDD
b Sum of HCB, p,p′-DDT, p,p′-DDE, p,p-DDD
cMean of OCP pesticides analyzed, i.e., α-HCH, β-HCH, γ-HCH, δ-HCH, p,p′-DDT, p,p′-DDD, p,p′-DDE, aldrin, dieldrin, endrin, endrin aldehyde,
endrin ketone, heptachlor, heptachlor epoxide, methoxychlor, γ-chlordane, α-endosulfan, β-endosulfan, endosulfan sulfate. bdl, below detection limit
d OCPs analyzed are as follows: α-HCH, β-HCH, γ-HCH, p,p′-DDT, o,p′-DDT p,p′-DDD, p,p′-DDE, o,p′-DDE, aldrin, dieldrin, chlordane, α-endo-
sulfan, β-endosulfan, endosulfan sulfate, heptachlor, heptachlor epoxide
e OCPs analyzed are as follows: γ-HCH, δ-HCH, heptachlor, aldrin, dieldrin, γ-chlordane, α-endosulfan, endosulfan sulfate, p,p′-DDT, p,p′-DDE,
endrin, endrin aldehyde, endrin ketone, methoxychlor
f Sum ofα-HCH,β-HCH, γ-HCH, δ-HCH, heptachlor, aldrin, dieldrin, endrin, endosulfan I, endosulfan II, endosulfan sulfate, p,p′-DDT, p,p′-DDD, p,p
′-DDE, methoxychlor
g Sum of α-HCH, β-HCH, γ-HCH, δ-HCH, heptachlor, heptachlor epoxide, aldrin, dieldrin, endrin, endosulfan I, endosulfan II, endosulfan sulfate,
endrin aldehyde, endrin ketone, p,p’-DDT, p,p’-DDD, p,p’-DDE, methoxychlor
h∑DDTs =DDT, DDE, and DDD

Fig. 2 OCP levels compared to TEL, ERL, PEL, ERM sediment quality guidelines
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conditions. Through this interaction between sediments and
water, transfer of OCPs to organisms is facilitated qualifying it
as a major route of exposure to organisms (Salem et al. 2013).

Spatial and seasonal variation of OCP levels

Outering Road Bridge, located downstream of the river, was
the most contaminated of the three sites studied, which was
attributed to cumulative effect of contaminants down the
river, and may be additional input from agricultural activities
taking place downstream of the river. The sampling period

covered the dry and rain seasons experienced in Nairobi,
whereby February, June, and July fall within the dry season
while March, April, and May are within the long rains sea-
son. April and May which fall within the rainy season re-
corded the highest mean concentration OCPs in sediments,
but declined in June and July which fall within the dry
season (Fig. 3).

On the other hand, OCPs in water were highest during the
months of February andMarch which marks the onset of rainy
season, which was attributed to runoff from agricultural areas,
as well as wet deposition (Fig. 4).

Table 4 Range and mean concentration of OCP residues in water (ng L−1); n = 3

Pesticide/sampling site James Gichuru Bridge Racecourse Road Bridge Outering Road Bridge Detection
frequency

Range Mean ± SDa Range Mean ± SD Range Mean ± SD %

α-HCH 0.8–6.1 2.5 ± 2.1 0.6–4.0 1.5 ± 1.3 0.7–10.4 3.2 ± 1.1 100

β-HCH bdl–18.9 10.5 ± 6.6 4.3–32.7 18.9 ± 11.5 4.3–86.7 24.9 ± 10.1 87

γ-HCH 1.4–4.6 2.3 ± 1.3 1.8–5.6 3.0 ± 1.45 2.4–33.8 10.3 ± 5.2 100

δ-HCH 0.7–5.9 2.9 ± 2.1 0.9–14.1 3.8 ± 2.1 1.4–12.3 4.8 ± 2.1 100

Heptachlor bdlb bdl bdl–43.2 39.7 ± 24.5 bdl–28.8 7.7 ± 2.6 33

Heptachlor epoxide 3.7–10.3 5.6 ± 2.5 4.1–22.8 8.5 ± 3.9 4.1–12.8 6.7 ± 3.1 100

Aldrin bdl–10.6 4.8 ± 0.4 bdl–69.8 15.3 ± 7.3 bdl–9.4 2.9 ± 1.5 50

Dieldrin 3.3–5.6 4.3 ± 1.0 bdl–7.5 3.6 ± 2.4 3.4–5.0 3.9 ± 0.8 87

Endrin 2.0–8.6 3.8 ± 2.6 2.8–17.9 7.0 ± 3.6 2.1–18.1 9.3 ± 6.6 100

Endrin aldehyde 0.13–0.16 0.1 ± 0.0 0.1–2.3 1.1 ± 0.9 bdl–8.6 2.9 ± 1.3 87

Endosulfan I 0.2–1.0 1.1 ± 0.2 0.9–2.1 1.3 ± 0.4 0.9–2.0 1.3 ± 0.5 100

Endosulfan II bdl–23.0 3.8 ± 0.0 bdl bdl bdl–19.0 3.2 ± 1.7 33

Endosulfan sulfate bdl–6.8 1.1 ± 0.0 bdl–8.2 3.4 ± 1.4 bdl–10.5 4.8 ± 2.3 50

p,p′-DDE 0.2–2.4 0.9 ± 0.0 0.2–9.9 2.3 ± 1.8 bdl–10.2 5.3 ± 3.9 87

p,p′-DDD 1.1–3.9 1.4 ± 0.5 0.9–1.7 1.1 ± 0.3 bdl–1.5 0.9 ± 0.5 87

p,p′-DDT bdl bdl bdl bdl bdl bdl 0

Methoxychlor bdl bdl bdl bdl bdl bdl 0

a SD, standard deviation
b bdl, below detection limit
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sampling period

Environ Sci Pollut Res



Conclusions

The present study forms a baseline data on contamination of
Nairobi River with OCPs. Pesticide levels increased down the
river, giving an impression that increasing human activities
were contributing immensely to the pollution of the river.
Ecotoxicological assessment using sediment quality guide-
lines showed levels of some pesticides exceeding what is rec-
ommended as safe for benthic organisms, meaning that con-
tinued pollution of the river may completely interfere with the
river ecology.
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