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ABSTRACT
Water polluted with endocrine disrupting compounds (EDCs) has been demonstrated to cause reproductive
problems in humans and wildlife. Rivers flowing through urban settlements have been shown to contain
contaminated discharges from domestic, agricultural and industrial sources. Such discharges are suspected to
have high levels of EDCs. The residents living along the riparian of rivers in urban settlements tend to use the
water of such rivers for farming to enhance their household incomes. Together with vegetable farming, the
residents also keep animals such as pigs. This practice has been noticed within the riparian of the Nairobi
River, which is heavily polluted and in some places, resembling sewage sludge. The Nairobi river situation was
suspected to expose humans, who consume either the vegetables and/or the animals to effects of EDCs. More
direct are the effects of known EDCs, like alkyl phenol and 17β estradiol, on the animals raised using the
polluted water. Our previous studies noted that boars raised using the Nairobi River had high prevalence of
retained testes and high incidence of testicular histopathology. To test if such effects were caused by EDCs
within the water, samples were obtained to determine the levels of these two compounds. Samples were
collected from Nairobi River along informal settlements of Kibera, Dandora and Mathare using glass amber
bottles and transported to the laboratory at 4ºc. Water was then analyzed to determine the pollution levels of
two known EDCs (17β steroid and alkylphenol) using Gas chromatography-Mass Spectrophotometry. The levels
of alkylphenol and 17β estradiol in the sampled water were between 0.08 to 0.917µg/L and below detection limit
(BDL) to 0.3005 µg/L for 17β –estradiol alkylphenol, respectively. The mean values were 0.0953µg/L and
0.360µg/L for 17β steroid and alkylphenol, respectively. The detected levels of 17β steroid and alkylphenol point
towards a suggestion that the effects observed in the boars raised along such riparian are caused by
estrogenic endocrine disrupting coumpounds and the need to have a policy in place to control effects of such
EDCs like 17β estradiol and alkylphenol on humans and/or animals.
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INTRODUCTION
Boars raised along the riparian within the informal
settlements of Nairobi have been observed to have an
increased risk of testicular retention in adulthood
(Kipyegon et al., 2016). Our previous study also revealed
an increased incidence of reproductive problems likely to
have an impact on spermatogenesis (Kipyegon et al.,
2016b). These reproductive abnormalities have been

associated with contaminated river water. Various
authors have reported that urban rivers are heavily
polluted through release of raw domestic and industrial
effluents into waterways (UNEP and IUCN 2002;
Johnson and Sumpter, 2001; Clara et al., 2004). The
Nairobi river has been demonstrated to contain heavy
loads of microbial organisms (Musyoki et al., 2013),
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Figure 1. Section of study site in Kibera settlement.

heavy metals (Ndeda and Manohar, 2014) and pesticides
(Wandiga, 2001). These pollutants have been suspected
to be containing endocrine disrupting compounds (EDC)
with a potential to disrupt the endocrine function
(Falconer et al., 2006), and also cause reproductive
problems (Mendes, 2002).
The observed male reproductive abnormalities in the
boar accessing the polluted Nairobi River are suspected
to be caused by estrogenic compounds in such water
(Kipyegon et al., 2016b). The present study therefore
sought to determine the levels of two known estrogenic
endocrine disrupting compounds (Alkyl phenol and 17β
estradiol) in the Nairobi urban river flowing through
informal settlements. Large quantities of Natural and
synthetic estrogens have previously been detected in
surface water (Jafari et al., 2009; Knez, 2013) and
wastewater (Ying et al., 2012). This paper tries to shed
light on the extent of the contamination of the Nairobi
River with alky phenol and 17β estradiol endocrine
disrupting compounds in order to try and elucidate the
main cause of the observed effects of the Nairobi river
water on reproduction and testicular function. This data
would be used to inform policy on governance of the
pollution to avert reproductive effects in animals and
humans.
MATERIALS AND METHODS
The study was carried out in the settlements dependent
upon the tributaries of Nairobi River for mixed agricultural
farming; vegetable and rearing of domestic animals like
pigs. The water of the tributaries is heavily contaminated

with household, industrial and farm wastes. The sampling
sites were selected based on; the physical appearance of
the water (looking like sewage sludge) and presence of
mixed farming activities that included rearing of pigs that
accessed the contaminated river (Figure 1). In each site
2.5 L of river water were collected into amber Winchester
bottles previously rinsed with hexane. The samples were
kept at 4ºC and transported to the laboratory for solid
phase extraction (SPE) and analysis. Suspended matter
was removed through filtration using a 1 µm GFC
(Whatmann, USA) followed by 0.45 µm (MN GF5)
membrane filters. The filtered samples were then
extracted following the procedure described previously
(Zhang et al., 2006). The cartridges were dried under
vacuum and wrapped in hexane-rinsed aluminum foil for
storage at -18ºC until use. The C-18 cartridges were
removed from the freezer and left to thaw for 2 h in a
fume hood.
The analytes were eluted into autovials using 5 ml of
methanol at flow rate of 1mL/min. GC-MS analysis was
carried out using Agilent 6890N gas chromatograph
interface with a 5973C mass selective detector equipped
with an Agilet 7683B auto sampler and a DB-5 fused
silica capillary column of 30 m x 0.25 μm i.d. x 0.25 μm
film thickness coated with cross-linked 5% phenyl
dimethyl polysiloxane. Oven temperature was maintained
initially at 70ºC for 1min, increased at 15ºC/min to 175ºC,
then at 2ºC/min to 215ºC, at 10ºC/min to 265ºC and
finally at 20ºC/min to 290ºC and held for 8 min. The
carrier gas was helium (99.999% purity) at a flow rate of
1.0 ml/min. Injection volume was 1μL, injected in split
less mode at injection temperature of 250ºC. Identity of
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Figure 2. Structure of 17 beta-estradiol.

Table 1. Summary of descriptive statistics findings for 17β-estradiol and alkyl phenol.

Location
Kibera
Dandora
Mathare

17β-estradiol (µg/L)
0.3005±0.02*
0.0807±0.05*
BDL

Alkyl Phenol (µg/L)
0.4428±0.2*
0.08±0.01*
0.9174±0.32*

*Means significantly high P≤0.05.

alkyl phenol and 17β estradiol in the samples was
confirmed by the retention time and abundance of
quantification/confirmation ions in the authentic
standards. Confirmation of identity of the analytes was
done using NIST/EPA/NIH MASS SPECTRAL LIBRARY
(NIST 05) and NIST MASS SPECTRAL SEARCH
PROGRAM Version 2.0d. The data was stored in
Microsoft Excel programme and calibration standard
series used were evaluated for laboratory reproducibility
and acceptability. Results are presented in table 1 as
mean of triplicate analysis with standard error deviation.
The significance level was tested using Student T-test at
P ≤ 0.05.

RESULTS AND DISCUSSION
The two target analytes (alkyl phenol and 17β-estradiol
Figure 2) were detected in the polluted river water
samples except in one sampling point where estradiol
was below detectable levels. The four sampling sites
recorded varying levels of the endocrine disrupting
chemicals tested. The concentration of alkyl phenol in the
sampled streams ranged from 0.08 to 0.9174 µg/L
whereas those of 17β-estradiol ranged from between
BDL to 0.3005 µg/L. Of the two compounds tested, alkyl
phenol had the highest significant concentration (0.9174
µg/L; P ≤ 0.05 (Table 1). The mean values were 0.0953
µg/L and 0.360 µg/L for 17β steroid and alkylphenol,

respectively. Whenever detected, the levels were
significantly higher than the levels of estrogenic like
compounds known to cause detrimental effects (Aerni et
al., 2004).enough to cause reproductive problems like
retained testes and/or testicular histopathology (P ≤
0.05). Thus, the results validated the hypothesis that,
indeed the observed changes in the boars, were cased
by the EDCs in the polluted water of Nairobi river
(Kipyegon et al., 2016).

CONCLUSION
This study demonstrated the extent of EDCs
contamination within the polluted water of Nairobi river
and the need to have a policy in place to control effects of
such EDCs like 17β estradiol and alkylphenol on
reproduction of humans and/or animals.
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