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ABSTRACT

Aquatic ecosystem health assessment is critical for early detection of disturbances and water
habitat degradation. This study assessed the ecological status of two urban rivers as well a
wastewater sedimentation pond in Kisumu City, Kenya using physico-chemical water quality
parameters and the African catfish, Clarias gariepinus somatic indices. Site association of somatic
indices was derived from Principal Component Analysis (PCA) whereas the relationship between
water quality parameters was examined by Redundancy Ordination Analysis (RDA). PCA results
revealed an increase in Gill Somatic Index (GSI) in the wastewater sedimentation ponds while
Fulton’s Condition Factor (CF) increased in the midstream of Auji river and Kisat river mouth.
Similarly, RDA showed that dissolved oxygen, temperature, total phosphorus, alkalinity and total
nitrogen influenced the condition indices upstream of Kisat river and up-stream and midstream of
Auji river. However more impact on somatic indices were recorded in the wastewater
sedimentation pond. Although specific pollutants other than the physico-chemical parameters were
not identified, application of somatic indices in the African catfish demonstrated that the two rivers
as well as the wastewater sedimentation pond were contaminated by pollutants that can
compromise the ecological health of the aquatic systems. The results of this study emphasized the

negative impacts of anthropogenic activities on the environment.

Keywords: Ecological status; Clarias gariepinus; somatic indices; anthropogenic activities; principal

component analysis.

1. INTRODUCTION

Freshwater systems are major receivers of
pollutants which, over time, can have severe
effects on the biota that might not become clear
until changes occur either at the population or
ecosystem level [1]. In Kenya, the problem of
rivers draining urban areas has extremely
increased in the past years where discharge of
partially treated or untreated domestic, municipal,
agricultural and industrial wastewaters
deteriorate their water quality [2,3].

A great deal of effort has gone towards selecting
the best biomonitor and/or indicator organisms
[4]. It is well recognized that organisms differ
greatly in their sensitivity to diverse pollutants
and that no single species or monitoring
procedure is subtlest or best appropriate to
detect all possible toxic pollutants [5]. At
organismal level, fish are largely used as sentinel
species for biological assessment to quantify
ecological alterations  caused by the
amalgamation of physical, chemical and
biological stressors because they have some
exclusive features and advantages as indicators
of freshwater ecosystem health [6,7].

Despite some restraints associated with mobility,
fish are considered to be the most useful
organisms for biomonitoring of environmental
pollution because they are located at the top of
the food chain, are highly visible and are known
to accumulate toxicants [7,8]. In addition, they
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are in direct contact with pollutants in the water
via their gills and their body surface. Fish are
excellent indicators of aquatic health because
they live in water all their life, differ in their
tolerance to amount and type of pollution, are
easy to collect with the right equipment, live for
several years, are easy to identify in the field,
represent a broad spectrum of community
tolerance from very sensitive to highly tolerant
and respond to chemical, physical and biological
degradation in characteristic response pattern
[9]. Thus, fish can be used as a “warning system”
to signal the occurrence of pollutants in natural
waters [1a,10]. Prior to mortality or clear sickness
symptoms, fish may react to stress by changing
physiological, behavioral  and molecular
responses.

Many studies have shown that fish condition
factor and somatic indices can be employed in
fish health and population assessment as first
level screen to identify and provide satisfactory
information on the physiological response of fish
to environmental stressors and presence of
contaminants [11]. Somatic indices typically
express organ weight as a percentage of
total body weight. These indices show the
condition of organ systems, which may alter in
size because of environmental factors and
stressors.

Somatic indices are helpful markers of overall
organ and fish health; however, their
interpretation requires utmost care because they



Omondi et al.; Asian J. Fish. Aqu. Res., vol. 26, no. 1, pp. 72-87, 2024; Article no.AJFAR.106496

are not sensitive or specific and may be
impacted by non-pollutant factors [8]. Somatic
indices are used as initial screening biomarker to
indicate exposure and effects [12].

For better management of freshwater systems, a
comprehensive assessment of water quality as
well as determining the biological end points in
aquatic biota is crucial for well-informed
strategies aimed at maintaining ecological well-
being and safeguarding both aquatic and human
health. The aim of this study was therefore to
examine the Fulton’s Condition Factor and
somatic indices of the African catfish as aquatic
pollution biomarkers in assessing fish health and
environmental quality of rivers Kisat and Auji as
well as a wastewater sedimentation pond in
Kisumu County, Kenya.

2. MATERIALS AND METHODS
2.1 Study Area

This study focused on water quality and somatic
indices of the African catfish in rivers Kisat and
Auji as well as a wastewater sedimentation pond
(Fig. 1). As the two rivers flow into Lake Victoria,
they pass through agricultural farms, heavily
polluted low dwelling centers (Obunga, carwash,
Nyalenda and Nanga) which lack proper
sanitation facilities thus streams of domestic
wastewater and sewage is introduced into the
rivers at various points. Immediately after the
informal settlement areas, Kisat river flows all the
way through the Kisumu industrial area where
various industries such as motor vehicle
garages, fish, soap processing factories, salt
works and stores for an array of items, including
xenobiotics among others are located [13,14].
There is no existence of effluents treatment
facilities for the aforementioned industries thus
leaving them to discharge their effluents either
through the sewerage systems or directly into the
river. The main conventional sewerage treatment
plant (CSTP) in Kisumu City is located at the tail
end of Kisat river, while another wastewater
treatment facility (wastewater sedimentation
ponds (WWSP) is located at the eastern part of
the city adjacent to Nyalenda slums and
discharges partially treated effluents into Auiji
river. At the river mouth of both the rivers are
recreational centers, golf club and Hippo point for
rivers Kisat and Auiji respectively that discharges
their wastes directly into the rivers. Therefore,
biomonitoring of the health of these riverine
ecosystems is one of the most important ways to
ensure  their  sustainability and  proper

management.
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2.2 Choice of Fish Species for Studies

The African catfish was chosen as the ideal
species for this study because it exhibits
hardiness and can therefore be found even in the
most polluted waters. Due to their tolerance to
pollutants and their tendency to develop
toxicopathic gill, kidney and liver lesions, the
African catfish has been broadly used for
ecotoxicological studies [15]. Consequently, this
makes it a good candidate for studies on never-
ending environmental pressure, since it can
reflect both past and recent cumulative effect of
environmental quality changes. Catfish is
probably the most widely distributed fish species
in Kenya, inhabiting swamps, streams and rivers.
It is tolerant to low oxygen concentrations and
can withstand desiccation due to the possession
of accessory air breathing organ (pseudo
branch). It is omnivorous, utilizing various kinds
of food resources available in their habitat.
However, the application of its somatic indices as
an indicator for ecological and fish health in
Kenyan aquatic system are rare as most of the
studies on aquatic monitoring have focused
majorly on micro- and macro- invertebrates. The
African catfish makes for an ideal test organism
with which to conduct pollutant exposure and
effects response investigation for a study
described herein because of its availability and
apex predator status.

2.3 Measurements of Physico-Chemical
Parameters

Water samples were collected and analyzed
monthly during February 2021 to October 2021
from eight sampling sites (Fig. 1). Ten physico-
chemical parameters were determined. These
included: temperature, dissolved oxygen,
electrical conductivity, total dissolved solids, pH,
turbidity, alkalinity, hardness, total nitrogen and
total phosphorus. In situ measurements of water
temperature, dissolved oxygen (DO),
conductivity, total dissolved solids (TDS), salinity,
pH and turbidity were performed using portable

YSI Professional Plus multi — parameter
instrument (YSI, 35C). Water samples for
nutrient analysis were collected in 1 litre

polyethylene sample bottles pre-cleaned with
(double distilled water). The water was directly
drawn from the two rivers and the wastewater
sedimentation pond (WWSP) and put in bottles
that were then labeled and later stored in cooler
boxes at a temperature of 4°C to await further
laboratory analysis. The total nitrates (TN) and
total phosphorus (TP) concentration, total
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alkalinity and total hardness were determined
using standard methods [16].

2.4 Fish Sampling and Organ Collection
for Somatic Index Determination

Fish were collected using a backpack apparatus
(in rivers) while a seine net was used in the
sedimentation ponds. Sampling was done
between 07.00 am to 11.00 am to minimize the
effect of abrasion and all landed fish were
directly transferred to oxygenated water tanks.
However, for the determination of somatic
indices, only live fish with usual opercula
tendencies such as intact central cartilaginous
core were used. The fish were physically
restrained, total length (cm) and whole-body wet
weight (g) measured after which each fish was
sacrificed by severing of the spinal column
behind the hard head plate after which the
organs (gills, kidney and liver) were removed and
blotted dry with a tissue paper. The weight of

each organ was taken using an electric weighing
balance (Scanvaegt salter, model 323; A very
Weigh — Tronk Ltd, West Midland, UK).

2.5 Determination of Fulton’s Condition
Factor and Somatic Indices

2.5.1 Determination of Fulton’s Condition
Factor

Fulton’s Condition actor (CF) that relate weight
and length to an indicator of the “condition” [17],
“well-being” or “fitness” of fish [18] for each fish
was calculated using the formula:

CF=100X W/L3 Equation 1

Where W and L = body weight (g) and total
length in cm, respectively [19].

GPS Location of Sampled Points

Legend

River sampling points
MarketsWGS84new

River
Lake

n

Km

Geographic Coordinate System
Geodetic datum: WGS84
Date: February 19, 2023

Fig. 1. Location of sampling points in river Kisat, Auji and Nyalenda wastewater sedimentation
ponds, Lake Victoria Basin, Kenya
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2.5.2 Determination of Somatic Indices

The somatic index of each organ was calculated
using the formula [20].

Somatic index% = (Weight of organ (g) / Weight
of fish (g) x 100 Equation 2

2.6 Data Analysis

Data were tested for normality and homogeneity
of variance using Levene’s tests. The variations
in physico-chemical parameters and somatic
indices were tested by one way analysis of
variance (ANOVA), considering sites as a
variable. Whenever the ANOVA revealed
significant differences Tukey’s post hoc multiple
comparison between sites was done to
determine which site differed significantly and
where the statistical demand of normality was not
met, non-parametric test (Kruskal- Wallis) was
used to test for the significance. The significance
of the results was ascertained at p < 0.05.
Moreover, the link between the investigated
somatic indices and condition factor as well as
the relative implication of these different
parameters among different sites was assessed
by means of Principal Component Analysis
(PCA) performed using Varimax normalized
rotation of the data set and the Eigenvalue over
one were extracted as pcs. Redundancy
Ordination Analysis (RDA) [21] was used to
assess how much response variable (somatic
indices) were explained by the variation in
environmental variables (physico-chemical
parameters). All statistical analyses were done
using statistical software PRIMER 6.

3. RESULTS
3.1 Physico-Chemical Parameters

The water quality parameters measured at each
sampling site on rivers Kisat and Auji as well as
wastewater sedimentation pond are summarized
in Table 1. The study demonstrated substantial
changes in the parameters as the rivers flowed to
Lake Victoria. During the sampling period,
temperature varied accordingly with highest
temperature recorded in Auiji river and the lowest
in Kisat river. The lowest value 22.20+ 0.01 °C
was obtained upstream of Kisat river while the
highest 27.69+ 2.76 °C was recorded midstream
of Auiji river. The levels of temperature between
sites exhibited no significant differences. The
lowest dissolved oxygen (DO) level of 1.63+ 0.70
mg/L was recorded at pre-treatment pond while
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the highest value of 8.07+ 0.24 mg/L was
recorded upstream of Kisat river. The mean
levels of DO between sites showed significant
differences (P = 0.05). The electrical conductivity
was lower 329.51+ 29.94 uS/cm upstream of
Kisat river. The highest electrical conductivity of
837.07+ 39.59 uS/cm was observed at pre-
treatment pond of the wastewater sedimentation
pond. significant differences in electrical
conductivity was observed between the sites (P
0.05). The lowest recorded value of TDS
245.55 + 76.76 mg/L was recorded at Auji river
mouth while the highest value of 526.01+ 36.51
mg/L was observed at pre-treatment pond of the
wastewater sedimentation pond. TDS displayed
significant difference between sites (P = 0.05).
The levels of salinity were significantly higher (P
= 0.05) at the pre-treatment sampling site than
any sampling site during the study period. The
lowest pH levels 3.88 + 1.46 during the sampling
period were recorded at Auji post-treatment
pond, while the highest level of 7.85+ 0.48 was
recorded upstream of Kisat river with most
sampling stations having a near neutral pH,
which falls within the ranges of 6.5 to 8.5 levels
for natural water bodies recommended by the
European Union. However, pH levels between
the sites showed no significant differences. The
highest value of turbidity 222.17+ 310.77 NTU
was recorded midstream of Kisat river and lowest
value 43.2+ 45.16 NTU was recorded upstream
of Kisat river. The turbidity levels displayed
significant difference between the sites (P
0.05).

Total nitrogen (TN) and total phosphorus (TP)
increased downstream of river Kisat. TN ranged
from 218.12 + 80.54 pg/L to 1622.97 + 464.6
ng/L, whereas the TP ranged from 89.98 + 54.35
pg/L to 1088.98 + 438.4 ug/L. On the other hand,
TN and TP decreased downstream of river Auji.
TN value of 1614.10 + 673.5 ug/L was obtained
upstream of Auiji river while 767.66 + 211.40 pg/L
was recorded at the river mouth. The highest
level of TP of 966.94 + 358.97 png/L) was
obtained upstream of Auji river and the lowest
value 542.29 + 225.02 pg/L was recorded at Auji
river mouth. TN value of 3451.41 + 585.80 pg/L
was obtained at the pre-treatment of the
wastewater sedimentation pond while a reduction
in TN value, 1445.55+ 365.71 was obtained at
the post-treatment pond. The TP values
increased from 1876.64+ 434.09 ug/L at the pre-
treatment pond to 2201.80+ 748.46 ng/L at the
post-treatment pond respectively. While TN
levels showed significant differences between
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the sampling sites (P = 0.05) there was no
significant differences in the mean values
of TP.

3.2 Condition Factor and Somatic Indices

The results of the Fulton’s Condition Factor of
the African catfish from the respective sampling
sites are shown in Table 2. Mean CF values
were highest for fish samples collected
midstream of Auji river and lowest at pre-
treatment pond. significant differences between
the sites were observed for Fulton’s Condition
Factor (P = 0.05).

3.2.1 Gill Somatic Index

The Gill Somatic Index (GSI) showed ranges
from 0.69 + 0.52 to 6.63 + 2.48 during the
sampling period. The highest mean value was
obtained from fish sampled at post-treatment
pond while the lowest mean value was recorded
for fish samples collected from Kisat river mouth
(Table 2). The percentage mean values of GSI
showed significant differences between the sites
(P =0.05)

3.2.2 Kidney Somatic Index

The mean values of Kidney Somatic Index (KSI)
are presented in Table 2. In the fish samples, the
lowest mean KSI value 0.53 + 0.48 was recorded
in fish sampled midstream of Auji river. The
highest mean value of 1.81 + 0.57 was recorded
at post-treatment pond. There was no significant
differences observed in KSI between the sites.

4

PC2

3.2.3 Liver somatic index

The mean values of Liver Somatic Index (LSI)
calculated at each sampling site are summarized
in Table 2. During the sampling period, post-
treatment and pre-treatment sedimentation
ponds recorded the highest mean value LSI
3.64+ 0.70 and 3.43 = 0.42 respectively. The
lowest mean LSI value 0.79 + 0.38 was observed
in fish sampled at Auiji river mouth. There were
no significant differences observed in LSI for fish
samples between the sites.

3.3 Principal Component Analysis

Principal Component Analysis performed on the
somatic indices accounted for 89.4% of the
variability Fig. 2. The analysis showed GSI
increasing towards pre-treatment and post-
treatment sedimentation ponds. On the other
hand, Fulton’s Condition Factor increased
towards midstream of Auji river and Kisat river
mouth.

3.4 Relationship between the Condition
Factor, Somatic Indices and the Water
Quality Parameters

The results of the relationship between the
somatic indices and the water quality parameters
are shown in Fig. 3. Dissolved oxygen,
temperature, total phosphorus, alkalinity and total
nitrates impacted the somatic indices at
upstream of river Kisat, upstream and midstream
of Auji river. However, more impact on the
somatic indices was recorded in the wastewater
sedimentation pond.

RiverSite
A KisatUpstream
W KisatMid-stream
€ KisatMouth
A AujiUpstream
O AujiPre-Treatment
Vv AuijiPost-Treatment
O AujiMid-stream
< AujiMouth

Fig. 2. Principal component analysis showing the relationship between the somatic
indices and the sampling sites
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Table 1. Mean values + SD for physico-chemical parameters for rivers Kisat and Auji as well as Nyalenda wastewater sedimentation

pond

River Kisat River Auji Nyalenda WWSPs
Physico-chemical Upstream Midstream River mouth  Upstream Midstream River mouth Pre-treatment Post-treatment
Parameters
Temp (°C) 22.20+0.01 26.65+3.10 26.85+ 2.48 25.90+ 1.40 27.69+ 2.76 25.90+ 1.24 26.15+ 0.43 26.35+ 2.11
DO (mg/L) 8.07+0.24 3.95+1.21 3.08+1.13 3.78+ 1.05 4.13+ 0.59 5.33+0.47 1.63+£0.70 4.87+ 0.94
EC (uS/cm) 329.51+29.94 421.73+157.93 497.83+209.19 422.67+110.67 476.01+102.42 364.07+127.17 837.07+£39.59 614.61+77.13
TDS (mg/L) 272.04+94.45 283.01+ 15.56 345.97+110.90 291.26+59.73 307.62+ 38.72 24555+ 76.76  526.01+ 36.51  388.14+ 78.49
Sal (PSU) 0.10+ 0.03 0.18+ 0.08 0.20+ 0.05 0.20+ 0.05 0.21+ 0.04 0.16+ 0.06 0.40+ 0.02 0.30+ 0.04
pH 7.85+0.48 7.04+0.79 6.50+ 0.39 7.19+ 0.60 7.03£0.71 7.73+£0.34 3.88+ 1.46 6.65+ 0.42
Turb (NTU) 43.2+5.16 222.17+10.77 116.47+4.38 190.16+7.03 89.62+ 5.74 55.60+ 1.79 194.87+ 7.89 183.73+ 4.90
Alk (mg/L) 95.0+17.40 113.14424.19 100.0+47.93 114.86+31.26 103.14+ 26.33 110.29+ 41.14 103.50+14.64 108.0+42.24
Hard (mg/L) 94.0+ 5.29 93.43+ 19.62 76.29+ 30.03 83.14+17.16  79.71+ 17.26 86.85+ 19.32 92.50+ 36.64 80.57+ 28.09
TN (ug/L) 218.12+80.54 1003.07+£302.6 1622.97+464.6 1614.10+673.5 1348.26+558.60 767.66+211.40 3451.41+585.80 1445.55+365.71
TP ((ng/L) 89.98+ 54.35 492.37+234.51 1088.98+438.4 966.94+358.97 756.94+345.41 542.29+225.02 1876.64+434.09 2201.80+748.46

Temp, DO, EC, TDS, Sal, Turb, Alk, Hard, TN and TP refer to Temperature (°C), Dissolved oxygen (mg/L), Electrical conductivity (xS/cm), Total dissolved solids (mg/L),
Salinity (PSU), Turbidity (NTU), Alkalinity (mg/L), Hardness (mg/L) Total nitrates (ug/L) and Total Phosphorus (wg/L)
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Table 2. Mean percentage value = SD for somatic indices of the African catfish from
rivers Kisat and Auji as well as Nyalenda WWSP

Rivers Sampling Sites Somatic Indices
CF GSl KSI LSl
Kisat Upstream 0.69+ 0.17 151+1.12 0.93+0.38 1.39+0.33
Midstream 0.65+ 0.17 1.60+1.70 1.05+0.98 1.86+ 0.78
River Mouth 0.96 +0.38 0.69+£0.52 0.72+ 0.54 1.63+1.40
Auiji Upstream 0.67+0.15 224+1.86 1.02+0.28 1.75+0.76
Midstream 1.31+ 0.44 1.13+0.59 0.53+0.48 0.93 +0.66
River Mouth 0.71+0.12 1.34+1.81 0.58+0.20 0.79+ 0.38
Nyalenda WWSP Pre-treatment 0.23+£0.05 3.05+£1.13 1.39+0.36 3.43+0.42
Post-treatment 0.24+ 0.03 6.63+2.48 1.81+0.57 3.64+ 0.70

KF, GSI, KSI and LSl refer to Fulton’s condition factor, gill somatic index, kidney somatic index and liver somatic
index

10+

dbRDA2 (4% of fitted, 2.3% of total variation)

-10-+-

Transform: Square root
Resemblance: S17 Bray Curtis similarity

Area
A KisatUpstream
W KisatMidstream
& KisatMouth
A AujiUpstream
O Aujipretreatment
v Aujiposttreatment
O AujiMidstream
< AujiMouth

|
-10
dbRDAL1 (94.8% of fitted, 54.8% of total variation)

Fig. 3. Redundancy ordination analysis showing the relationship between somatic
indices and the water quality parameters

4. DISCUSSION

In the present study, we set out to apply Fulton’s
Condition Factor and fish somatic indices to
assess the ecological health of urban rivers in
the Lake Victoria Basin (LVB) of Kenya.

4.1 Variation of Physico-chemical Water
Characteristics in Rivers and the
Wastewater Sedimentation Ponds

Variation in physico-chemical water quality
parameters in rivers Kisat and Auji as well as the
wastewater sedimentation pond strongly suggest
that pollution is the primary factor contributing to

the deterioration of water quality. The
undesirable impact of diverse sources of
pollutants discharged into these rivers was

further confirmed by the higher values in all water
quality parameters with an associated decrease
in dissolved oxygen.
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In an established system, water temperature
controls the chemical and physical
characteristics of water as well as upsetting fish
immunity, growth and reproduction [14, 22]. As
expected, the highest levels of temperature were
obtained midstream of rivers Kisat and Auiji, Kisat
river mouth as well as the wastewater treatment
pond attributable to direct heating of the open
waters by solar radiation since the sampling sites
had very little vegetation. Furthermore, the higher
temperature observed in the sampling sites along
Kisat river i.e., midstream and river mouth could
be due to high turbidity of the water which
absorbs and retains solar energy and also from
thermal heat from the factories just before the
sampling sites. This is supported by the results of
the present study where TDS and turbidity were
relatively high in Kisat river mouth and midstream
sampling sites.

Overall, low dissolved oxygen was recorded in all
the sampling sites apart from upstream of Kisat
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river and this might have been due to the
decomposition of suspended organic matter in
these sampling sites. The low dissolved oxygen
levels observed could also be attributable to the
relative rise in temperature which might have
affected the retention ability of the water [23]. A

rise in temperature affects concentration of
oxygen in water column as evidenced in
sampling sites where dissolved oxygen is

inversely proportional to temperature levels [24].
The discharge of excess organic matter
particularly in sampling sites midstream and
Kisat river mouth, upstream of Auji river and
wastewater sedimentation pond might have
contributed to the depletion of oxygen in these
sites [25]. Protracted exposure of fish to low
dissolved oxygen levels (< 5-6 mg/L) has been
documented to increase the vulnerability of fish
to other stressors and has a calamitous
consequence for the existence of fish and other
aquatic animals [26]. A reduction in dissolved
oxygen levels provokes physiological regulatory
mechanisms involved in the maintenance of
oxygen gradient from water to tissues which is
vital to maintaining metabolic aerobic pathways
[24].

The high electrical conductivity (EC) observed in
wastewater sedimentation pond, Kisat river
mouth, midstream of Auji river as well as
midstream of Kisat and Auji rivers may be
attributed to the run-off from the catchment and
strongly links industrial and sewage sources.
This concurs with a report of conductivity being a
direct indicator of anthropogenic impact [27].

The measurements of Total Dissolved Solids
incorporate all anions and cations in the sample
and some ions, or a combination of ions are
considerably more poisonous than other ions or
a mixture of ions. A species could be more
sensitive to TDS toxicity at certain life stages, as
many fish are during fertilization [28]. In the
present study, relatively high TDS was reported
at both pre-treatment and post-treatment of the
WWSP as well as Kisat river mouth. This is
attributable to municipal and industrial effluents
discharges into these systems. TDS can cause
toxicity in aquatic environment through variations
in ionic composition of water, individual ion and
surge in salinity.

The highest salinity levels were recorded at the
pre-treatment sampling site, while the lowest was
recorded upstream of Kisat river. Salts are highly
used in the food and chemical industries;
therefore, the discharge from chemical and food
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industries within Kisumu municipality into the
wastewater sedimentations ponds could have
been the reason for the high salinity wastewater
recorded. A high salt concentration could lead to
exclusion of less — tolerant species, cause acute
or chronic effects at specific life stages in an
organism, cause a change in biotic communities,
and limit biodiversity [29]. Moreover, high salinity
may lead to higher osmotic pressure hence
cause water loss from bacterial cells and lower
enzymatic activities leading to reduction in
breakdown of organic pollutants [30]. Salt stress
can hinder many enzymes of aquatic organisms
and influence cellular activities [31]. Salinity and
aquatic biodiversity are inversely correlated in
freshwater ecosystem [29].

pH is undoubtedly by far the most critical
parameter governing the behaviour of other
water quality parameters as well as pollutant

concentrations in the aquatic environment
[32,33]. The relatively low pH observed in
wastewater sedimentation ponds could be

attributed to the large amounts of different
pollutants discharged in it. pH has immense
effect on water quality influencing the capability
of bacteria which require slightly acidic pH to
degrade toxic materials to less harmful forms
[24]. Generally, very high or very low pH can
make water unsuitable for certain uses. At very
high pH, chemicals such as ammonia become
poisonous to aquatic life and in alkaline
condition, water tend to have unpleasant smell
and taste [34]. At low pH, solubility of pollutants
tends to be high, chemicals like sulphide and
cyanide become more lethal [33]. Therefore,
pollutants in water with low pH tend to be more
toxic since they become more soluble and
bioavailable [35]. Therefore, the determination of
pH could serve as a sensitive indicator for water
pollution.

Turbidity is an extremely useful indicator that can
yield valuable information quickly, relatively
cheaply and on an ongoing basis. Measurement
of turbidity is applicable in a variety of settings
from low — resource small systems all the way to
large and sophisticated water treatment plants.
The lowest turbidity was recorded upstream of
Kisat river while the highest turbidity was
recorded midstream of the same river. The
wetland vegetation near the upstream sampling
site acted as a filter, removing most of the
sediments before they could be deposited into
the river, which is why the recorded turbidity was
the lowest. The cumulative effects of re-
suspension of sediments conveyed by the river
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flow from Obunga informal settlement and the
associated activities, such as the deposition of
domestic wastes and industrial effluents into the
river, may have caused the highest turbidity
measured during this study period. High turbidity
in the water samples is an indication of pollution
and wusually due to direct discharge of
wastewater into the river. The results of turbidity
reported in this study were lower than that
reported by [2] but somewhat comparable to that
reported by [14] in previous studies.
Furthermore, the levels reported exceeded World
Health Organization permissible limit of 25 NTU
for surface freshwater bodies [36]. The levels
were also higher than 5 NTU recommended by
National Environment Management Authority,
Kenya. The high turbidity observed indicates that
the rivers and the wastewater sedimentation
pond contain some dissolved substances that
can pose problems to aquatic biota [37].

Although nutrients such as nitrogen and
phosphorus are essential for supporting river
ecosystem, excessive nutrients can cause
diverse deleterious effects. Variation in nutrient
levels in surface water systems are attributed to
domestic and industrial inputs, municipal and
domestic sewage discharges, agricultural runoff,
rainfall frequency, atmospheric sources, leachate
from refuse dumps and vegetation types and size
of the catchment [38]. In the present study, an
increase in concentration of TN was obtained in
sampling stations downstream of Kisat river
compared to the upstream sampling sites
suggesting possible eutrophication of Lake
Victoria. High levels of TN midstream of Kisat
river, Kisat river mouth, upstream and midstream
of Auji river sampling sites may be attributed to
agricultural runoff from agricultural farms in the
catchment in which synthetic fertilizers are
applied to improve crop productivity, domestic
effluents  which  constitute  biodegradable
household wastes such as vegetable and animal
matter dumped in the rivers and along the
riverbanks which is later washed off into the river.
The lowest mean values of TN recorded
upstream of Kisat river and Auji river mouth
sampling sites can be explained by minimal
agricultural activities as opposed to domestic,
municipal and industrial discharges that have
greater loads of nutrients and sequestration by
the wetland plants covering an expansive part of
the sampling sites [2, 14]. Consequently, the high
mean levels of TN obtained at pre-treatment
sampling site was mainly due to the discharge of
municipal and domestic wastewater rich in
nutrients. The low levels of TN recorded at post-
treatment sampling site was expected since
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WWSPs are effective in

pollutants.

removing organic

Phosphorous that enter the aquatic environment
through anthropogenic sources such as fertilizers
run-off and domestic wastewater inflow could be
incorporated into either organic or inorganic
components. Once phosphorous accumulate
within an aquatic system, it can cycle through its
water column and promote algal bloom
indefinitely [39]. In the current study, the levels of
TP increased downstream of Kisat river with the
highest concentration recorded at Kisat river
mouth. This is attributable to the industrial
discharges especially from the nearby soap
industries as well as cumulative effects of
discharges from domestic wastes originating
from Obunga informal settlements as well as
fertilizers from the Kisumu golf club. The low
levels of phosphorus upstream of Kisat river may
be as a result of minimal human activities. On the
other hand, the levels of TP decreased
downstream of Auji river with the highest level
recorded upstream of the river. The high level of
TP in this site can be attributed to discharge of
grey water from residential areas high in
detergents into the river. The use of detergents
rich in phosphorus are the main sources of
phosphorus in surface waters especially in urban
areas [40]. The lowest levels of TP at Auji river
mouth can be attributed to uptake of the nutrients
by the high population of wetland plants as
wetland vegetations are known to actively take
up nutrients [41]. Additionally, it was noted that
the concentration of TP increased rather than
decreased in WWSP. This can be attributed to
continuous addition and cumulative effects of
partially treated effluents from the primary
oxidation ponds.

While nutrient concentrations are hardly detected
at levels poisonous to aquatic biota, low
dissolved oxygen is sometimes linked with an
upsurge in ammonia which can be noxious at
certain concentrations and temperature [42].
Excess nutrients are also associated with the
occurrence of harmful algal blooms which can
produce toxins that affect fish and humans [43].

of

4.2 Somatic Indices Indicator

Aquatic Pollution

as

The somatic indices determined in the present
study included CF, GSI, KSI and LSI which are
useful in evaluating the health status of fish and
lethal effects of pollutants. Although physiological
activities such as reproduction, secretion and
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growth may influence the values of these indices
under certain environmental conditions, they may
act as initial screening indicators to detect
exposure and effects of pollutants [8]. Moreover,
these indices are simple, cost — effective and
basic measures of status and condition of
aquatic biota and as such may be applied to
evaluate the capability of animals to withstand
toxic challenges or other environmental stressors
[44].

Fulton’s Condition Factor has been used
extensively in fish health and population
assessments as an indicative tool of the overall
condition and nutritional status of an individual
[45]. The significant high CF values reported in
fish collected from midstream of Auji river
compared to the upstream site of the WWSP
might have been caused by the high
consumption of food to meet the enhanced
demand to cope with stress imposed by both
sewage effluents from the WWSP as well as
direct discharges from the informal settlement
area [46]. Moreover, the occurrence of few larger
and healthier individuals can be a sign of
abnormal conditions [47]. Conversely, high CF in
fish at disturbed sites has also been credited to
chronic exposure [48]. The lowest CF values
were obtained in fish collected from WWSP. This
can be attributed to three factors; firstly, the
presence of pollutants can affect food intake and
absorption by fish such that even if food is
available, a significant portion of nutrients from
the catabolism of food could be converted to
energy to help the fish cope with energy demand
caused by the chemical stress induced by
pollutants; secondly, low dissolved oxygen
observed in the WWSP might have been a key
factor affecting the growth and by extension
survival of the fish. In hypoxic conditions such as
those recorded in the WWSP, energy may be
diverted away from expenditures of growth,
resulting in a significant fitness cost [49], which
could explain the low CF values recorded.
Thirdly, the low CF might suggest that
contaminants could have affected the health of
fish through indirect effect on food chain. Studies
on the macroinvertebrate communities in
WWSPs indicate that the quantity and quality of
food organisms available for consumption in
wastewater sedimentation ponds may be
impacted by the domestic, municipal and
industrial discharges [50]. Thus, pollutants could
indirectly affect the health status of fish in the
WWSP by reducing the nutritional quality or
guantity of food items. A decrease in the CF
value of fish exposed to pollutants has also been
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reported in Lake Nasser and Lake Naivasha,
Kenya, two lakes polluted by chemical pollutants
[1b; 51]. A study on the well-being of Clarias
gariepinus in Lake Kallar Kahar receiving
wastewater from a WWTP, documented a CF
value below 1 in heavily polluted sampling points
[52].

Somatic indices for fish gills were significantly
higher in WWSP compared to the rivers. It could
possibly be associated with the continuously low
oxygen saturation of the WWSP. In addition,
increase in the gill mass could be a consequence
of other morphological anomalies in fish gills
such as hyperplasia of the lamellar epithelium,
which could be induced by a variety of factors
such as environmental pollutants. Hyperplasia
inhibits the respiratory gas exchange by
increasing diffusion distance and decreasing
interlamellar distance, and therefore could have
negative effect on respiratory functions of fish
[53]. The low GSI value measured at Kisat river
mouth could be attributed to increased gill area
as a result of respiratory disturbances which
increased metabolic cost such as energetic cost
of  ventilation, gill maintenance and
osmoregulation.

A measurement of liver weight in fish, in relation
to the whole-body weight, has been documented
in numerous studies as a valuable indicator of
exposure to pollutants, as well as the well-being
of fish [54]. Liver somatic index can be higher or
lower depending on the toxicity of discharges.
Exposure of fish to low concentration of
pollutants normally leads to higher LSI levels
attributable to induction or activation of
biotransformation  oxidase enzymes which
enables the fish to develop increased ability to
metabolize pollutants [55; 56; 57]. On the other
hand, pollutants with high toxicity generally leads
to lower LSI values due to hepatocellular injury
related to cell necrosis [58,59]. In the present
study, LSl was significantly higher in fish from
WWSP than fish sampled from the two rivers.
The elevated values of LSI for fish from these
sites could have been due to hyperplasia and
hypertrophy of the liver cells, which is commonly
associated with exposure of fish to discharges
with sublethal concentration of pollutants. It is
unlikely that enlarged livers from the wastewater
sedimentation ponds are the result of lipid and
glycogen accumulation, because previous
studies have shown that lipid metabolism is
impaired in fish exposed to sublethal toxicants
resulting in reduced body stores of lipids [60].
Another possible reason for the high levels of LSI
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is that high microcystin levels might have been
present at the time of sampling as algal blooms
were still visible. Microcystin are known to
accumulate in the liver and cause cellular
changes [61]. It is therefore likely that higher LSI
of fish from wastewater sedimentation pond
could be related to the microcystin toxins present
as a result of eutrophication, which are in turn
caused by high phosphorus levels reported in the
same sampling sites during this study. Liver
Somatic Index values greater than three have
been recorded in the African catfish obtained
from Roodeplaat and Hartbeespoort dam
impoundments which receive discharges from
wastewater facilities [62]. Additionally, sewage
effluents have been linked to an increase in fish
liver size [63]. The noticed significant low values
of LSI in fish sampled at the midstream of Auji
river and river mouth may be due to mobilization
of stored energy reserves biomolecules towards
maintaining the homeostasis instead of utilizing
them for their somatic growth. Thus, the evidently
low value of LSI in the present study indicates
that chronic exposure of fish to sublethal
environmental pollutants could lead to a decline
in weight of vital tissues in fish and this might
hamper the overall fitness and growth. Exposure
of fish to multiple stressors affecting energy
storage and limiting available energy can be
demonstrated as reduced LSI [64]. Furthermore,
the Guinean tilapia and African catfish inhabiting
cotton basins heavily impacted by
micropollutants in West Africa showed a
decrease in LSI [65].

4.3 Relationship between the Water
Quality Parameters and Fish Somatic
Indices

Redundancy analysis (RDA) was chosen and
executed to assess the association between the
water quality parameters and the fish somatic
indices. Knowledge of these relationships can
help assess the condition of the ecosystem and
identify human activities that significantly
contribute to pollution as well as areas that are at
risk and promote management practices to
reduce non-point sources of pollution.

The results indicated that dissolved oxygen,
temperature, alkalinity, TN, and TP had an
impact on the somatic indices, particularly
upstream of the river Kisat and up and
midstream of the river Auji. This suggests that
these parameters as well as significant amounts
of domestic, municipal, agricultural, and industrial
effluents without sufficient treatment are affecting
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the fish health in these rivers and, by extension,
the environmental health the aquatic systems.

5. CONCLUSION

The results of this study demonstrated that both
rivers Kisat and Auji as well as the wastewater
sedimentation pond are polluted with various
pollutants due to the continuous release of
diverse pollutants. Similarly, the study revealed
that these pollutants are inducing changes in
various fish organs as evidenced by the somatic
indices suggesting that fish somatic indices are
sensitive markers despite these indices being at
a higher level of organization. The integrated use
of both chemical and biological environmental
monitoring approach can provide easy, cost-
effective and a quick method of assessing the
ecological health of urban rivers receiving both
point and non-point sources of pollution. The
results also show that the wild African catfish is a
suitable  species for  aquatic  pollution
investigations in tropical region.
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