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Human-related activities are known to have deleterious effects on the water quality of aquatic ecosystems, but
there is limited information on the impact of these on rivers in tropical regions, such as the Chania River in Kenya.
The Chania River is an important source of water for humans and animals and provides habitat for a variety of flora
and fauna. This study used a Water Quality Index (WQI) to assess the suitability of the water for human use based
on selected physico-chemical parameters (nitrates, Total Dissolved solids (TDS), potassium, sulphates, chlorides,
copper, manganese, pH and phosphates). Sample collection was done between October 2018 and February 2019
over the dry and the wet seasons. Generally, the WQI indicated that water quality was fair to good in the dry season
(19.67 to 30.10) but fair to poor in the wet season (23.17 to 89.15). It is recommended that the riparian zone of the
Chania River be protected from anthropogenic disturbances in the County Kiambu.
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Introduction

The water quality of pristine rivers is influenced by
geochemical factors and the prevailing climate, based
on location (Qu et al. 2019). However, human activities,
such as discharge of industrial effluents, agricultural and
urban runoff have detrimentally affected the quality of river
waters (Laaffat et al. 2015). The contaminants released
into rivers are of concern because they pose a threat to
the supply of water for humans and wildlife, and affect
habitat conditions for a range of aquatic and semi-aquatic
organisms (Santos et al. 2014). Reduced water quality
reduces ecosystem health and services, hampers human
use, and hinders sustainable development (Lopez et al.
2013; Kostyla et al. 2015).

Water is a unique medium with the ability to assimilate a
wide range of substances, which means that it can easily
become contaminated (Jinturkar et al. 2010), requiring
expensive water treatment to restore it for safe human use
(Karkra et al. 2016). Developing countries, such as Kenya,
are grappling with increasing water quality deterioration, as
urban and agricultural populations expand and wastewater
volumes released into the nation’s rivers increase (Besada
and Werner 2015). Thus, it is vital that river water quality is
monitored continuously through the regular assessment of
selected chemical, biological and physical properties (Jang
et al. 2013; Karkra et al. 2017), and that this information is
used to inform better management practices.

This is especially true for Kenya, where concern over
water pollution to rivers in the country has been raised
since the 1990s (Githinji et al. 2019), and which has
abundant water resources of insufficient quality (Notter et
al. 2007) to achieve the Sustainable Development Goals
(SDGs) (Barasa et al. 2018) for health, water and food

security. The literature on water quality of the Chania
River is limited despite the important agricultural activities
along its banks and that it supplies water to the growing
Thika Town and other peri-urban areas around Nairobi City
(Batjes et al. 2014). Other studies in Kenya have linked
river pollution to surrounding anthropogenic activities
(Masese and McClain 2012). For example, Mbaka et al.
(2014) linked water abstraction and grazing to a decline
in water and habitat quality in Honi and Naro Moru rivers,
and Njuguna et al. (2017) mapped poor water quality
in the River Nairobi using a Water Quality Index (WQl).
Both attributed poor water quality to industrial effluents,
domestic sewage, agricultural activities and solid waste.
Water quality may be assessed in different ways
(Zahedi et al. 2017). Some water quality determinations
are based on a comparison of observed parameter values
against established water quality guidelines for different
uses or purposes. This physico-chemical approach is
useful to identify sources of contamination and to check
compliance but is less helpful in comparing sites with
different water quality impacts (Debels et al. 2005). The
use of a WQI is one of several methods that allow sites to
be compared by reducing a set of water quality variables
into a single dimensionless number that ranks water
quality from poor to good and so that the results are
easily interpreted (Hosseini-Moghari et al. 2015). The first
comprehensive WQI was developed by Horton (1965) and
was subsequently improved by Brown et al. (1970), Cude
(2001) and Krishan and Singh (2016). WQIs are useful,
because they are easily understood by stakeholders
(Akoteyon et al. 2011; Bharti 2011) and effortlessly
incorporated into water resource plans (Nikoonahad et

African Journal of Aquatic Science is co-published by NISC (Pty) Ltd and Informa UK Limited (trading as Taylor & Francis Group)

Published online 15 Nov 2020


mailto:robertkasish@gmail.com

Robert, Onyari and Mbaka

al. 2010). Different WQIs are used depending upon the
intended use of the water being tested (Zahedi et al. 2017).
The Canadian Council of Ministers of the Environment WQI
(CCMEWAQI; Khan et al. 2003), US National Sanitation
Foundation WQI (NSFWQI; Brown et al. 1970), British
Columbia WQI (BCWAQI) and Oregon WQI (OWQI; Abbasi
2002; Debels et al. 2005; Kannel et al. 2007) are some of
the numerous water quality indices available.

For this study, the Weighted Arithmetic Mean Method
described by Tyagi et al. (2013) was used to calculate
WQI, because the relative influence of each parameter
was shown and reflected in the final WQI score, which is
essential in water quality management and assessment.
Additionally, the method required evaluation of fewer
parameters than others. The purpose was to assess the
water in the Chania River for its suitability for human
use and consumption, and these results will feed into
water-resource planning discussions with managers,
decision-makers and stakeholders.

Materials and methods

Study area

The Chania River originates on the slopes of Kinangop
Mountain in the Aberdare Range; the second largest
water tower in Kenya (CGK 2016). The catchment covers
Kiambu, Murang'a and Nyandarua counties and lies
between 0°45'10.8" N and 1°0224" N and 36°34'48" E and
37°04'12" E (Figure 1; Ng'ang'a et al. 2017). The Chania
River is the most important river flowing through this
catchment, because its supplies water to a large agricul-
tural area, and to the town of Thika and its surroundings
(Njuguna et al. 2019).

The prevailing rainfall pattern in the study area is
bimodal. Long rains are experienced from mid-March to
May and the short rains from mid-October to November.
The average annual rainfall is a function of altitude, where
higher regions receive 2 000 mm and lower areas, such
as at the town of Thika, receive as little as 600 mm. The
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Figure 1: Map of study area showing sampling sites along a section of the Chania River (Source: Department of Geomantic Engineering and
Geospatial information Systems, Kenya)
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annual average for the area is 1 200 mm. Temperature
ranges from 7 °C in the upper highlands of the Lari
Constituency to 34 °C in the lower midland zones of Thika
town, with an annual average of 26 °C (CGK 2016).

Sampling sites

Seven sites were selected along the Chania River based
on the prevailing anthropogenic activities and ease of
access. The distances between the sites varied between
1 and 2.5 km and the total length of river studied was
10 km. All the sites on the Chania River had different
surrounding land uses. Site 1 had an indigenous forest and
dense vegetation cover and served as the control site. In
contrast, Sites 2 and 3 had coffee and flower plantations
on either side of the river, and horticultural fields on both
banks. Sites 4 and 5 had farmed fields, coffee plantations
on the left bank and residential houses on the right bank,
and Sites 6 and 7 are dotted with residential houses,
industries and other commercial activities on both sides.
The descriptions and geographical locations of the study
sites are presented in (Tables 1 and 2).

Field sampling and analytical procedures

Water samples were collected four times in the entire
sampling period of the wet (October and November 2018)
and the dry season months (January and February 2019).

spectroscopy method and argentometric method were
employed in the determination of potassium and chloride,
respectively. The methods of chemical analysis are
described by APHA (2002) and summarised in (Table 3).

Water Quality Index (WQI)

Nine water quality parameters were used in the calcula-
tion of the WQI: nitrates, TDS, potassium, sulphate,
chloride, copper, manganese, pH and phosphate, which

Table 2: Sites and their geo-referenced locations and respective
altitudes

Sampling site Coordinates Altitude (m asl)
Site 1 1°55'08" S, 37°15'50" E 1519 m
Site 2 1°57'50" S, 37°23'"13" E 1509 m
Site 3 1°58'59" S, 37°29'13" E 1498 m
Site 4 1°03'18" S, 37°42'47" E 1492 m
Site 5 1°05'38" S, 37°51'54" E 1481 m
Site 6 1°05'17" S, 37°07"16" E 1474 m
Site 7 1°05'56" S, 37°04'48" E 1460 m

Table 3: The measured parameters and method used in measurement

The samples were collected in triplicate at a depth of Parameter Unit Analytical procedure

about 20 cm. This resulted in 21 samples per month and Temperature °C Thermometer

84 samples over the study period. The samples were DS mg I TDS meter

collected in pre-cleaned polypropylene bottles washed ~ Turbidity - NTU Turbidity meter

with distilled water. Temperature, electrical conductivity ~ Conductivity uScem™  Conductivity meter

pH and Total Dissolved Solids (TDS) were measured P - pH meter

in situ using a thermometer, conductivity, pH and TDS Nitrite mg I Sulphanilic acid method

. Lo ’ . Nitrate mg I’ Spectrophotometric

meter, r'e.spec.tlvely. N|tr|te§ were analysed using t.he Sulphate mg I Spectrophotometric

sulphanilic acid method; nitrates and sulphates using Total phosphate mg I Ascorbic acid method

the spectrophotometric method, as well as phosphates Potassium mg I Atomic emission spectroscopy

using the ascorbic acid method. The atomic absorption Manganese mg |- Atomic absorption spectroscopy

spectroscopy method was used to measure for manganese Copper mg |- Atomic absorption spectroscopy
and copper concentrations. The atomic emission Chloride mg I”* Argentometric

Table 1: Description of the sampling sites and their codes

f(l)tges Description

Site 1  Chania River at Karimenu, forested zone. This site is located in a forested area. There were trees and shrubs on both banks and
there were no human settlements near the river.

Site 2  Chania River just before Chania Estate Bridge and located next to Penta flowers factory. There were trees and shrubs near the
river, people washed clothes and abstracted water, but no domestic animals were observed. Residential homes are present within
150 metres from the river. Agricultural activities were observed near river.

Site 3  Chania River after Chania Estate Bridge at Chania Coffee factory. Residential homes released domestic water into river; the coffee
factory also released effluents; people washed clothes, bathed and swam in the river; motorbikes were washed in the river; there
are agricultural activities and associated fertilizer and pesticides being applied.

Site 4  Chania River just before the onset of Ngoingwa Estate is a residential area that releases domestic effluents into the river; there are
agricultural activities; people wash clothes and bathe in the river and water is abstracted.

Site 5 Chania River after Ngoingwa Estate, but just before Thika town. Mainly a residential area that releases effluents into the river; there
is subsistence farming and raising of livestock; people wash clothes in the river and have removed some of the riparian vegetation.

Site 6 Chania River just before the intake weir of Thika town and the intake weir of Kiambu Water and Sewerage Company (KIWASCO).
The riparian plants have been removed on both banks, garbage washes into the river from the adjacent road leading to Nairobi
and people wash their motorbikes into the river.

Site 7 Chania River just after Thika town at Biafra. Industrial and domestic effluents are released into river; a Hindu crematorium disposes

of ashes into the river; Delamare pineapple farm is situated here and much of the riparian vegetation has been removed.
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was calculated using the Weighted Arithmetic Mean method
(Chauhan and Singh 2010; Rao et al. 2010). The method
follows three steps (Alobaidy et al. 2010).

The first step involves assigning a weight (w,) to each
parameter according to its perceived importance to water
quality and human health (Avvannavar and Shrihari
2008; Saeedi et al. 2010). Table 4 shows the assigned
weights and the World Health Organization recommended
standards for drinking water quality (WHO 2011). The
assigned weights range from two to five (Srinivasamoorthy
et al. 2008; Varol and Davraz 2015). Nitrates and
manganese were assigned the highest weights; phosphate,
sulphate, chloride, TDS, copper, and pH were assigned
intermediate weights and potassium the lowest.

The second step involves the computation of the relative
weight (W,) using Equation 1.

Wi
W= 3" w, Q)

where W, is the relative weight, w; is the assigned weight of
each parameter and n is the number of parameters.

The third step involves calculating a quality rating scale
(q;) for each parameter, using Equation 2. This is done by
dividing the concentration of each parameter (C)) in each
water sample by its respective set standard (S,) and the
result multiplied by 100. The standard (S;) used was from
WHO (2011):

C
q,= (§) x100 2)
where q; is the quality rating, C, is the concentration of each
parameter in each water sample and S, is the WHO set
drinking water standard for each parameter.

In the calculation of WQI, subindex (S/) is determined first

for each parameter (Equation 3):

Sl=w;x q (3)

The WQI is derived from the summation of the different
sub-indices, as indicated in Equation 4:

wal= Y. Sl )

Table 4: Physico-chemical parameters, prescribed values by the
World Health Organization (WHO 2011), weights assigned (w,) and
corresponding relative weights (W)

Parameter w; WHO standard W,

Nitrate 5 50 0.152
TDS 3 1000 0.091
Potassium 2 30 0.061
Sulphate 4 250 0.121
Chloride 3 250 0.091
Copper 4 1 0.121
Manganese 5 0.4 0.152
pH 4 7.5 0.121
Phosphate 3 5 0.091

Total = 33

The WQI values obtained were classified into five water
quality classes; 0-25 indicates excellent water quality,
26-50 indicates good water quality, 51-75 indicates poor
water quality, 76—100 indicates very poor quality of water
and >100 indicates water that is unsuitable for drinking
purposes (Tyagi et al. 2013; Table 5).

Data analysis

The mean seasonal values of the replicate samples
collected were calculated in Microsoft Excel. A paired t-test
(p < 0.05) was used to compare the mean dry-season and
wet-season concentrations for each variable across sites to
see whether these differed down the river. The data were
subjected to analysis of variance (ANOVA) using Statistical
Analysis Software (SAS) version 9.2 (Ferreira 2011) and
means separated using Least Significant Difference (LSD)
at p < 0.05 confidence level

Results

Physico-chemical parameters

The mean and range of each physico-chemical
parameter measured in the Chania River are presented in
Table 6. Temperatures varied significantly among the sites
in both seasons (Table 6, Figure 2). Site 7 had the highest
temperature; 20.43 £ 0.15 °C for the wet season and 23.43 +
0.33 °C for the dry season (p < 0.05). However, in the dry
season, only Site 1 (20.43 + 0.27 °C) and Site 3 (20.15 +
0.50 °C) were significantly cooler. Temperature increased
with reducing altitude in both seasons at all sites, except for
Site 3. The temperature across all sites ranged from 16.60 +
0.17 °C to 20.43 £ 0.15 °C in the wet season and 20.15 +
0.50 °C t0 23.43 £ 0.33 °C in the dry season (Table 6).

TDS mean values were higher in the dry season and
especially high at Site 7 (53.61 = 1.10 mg I-'). Site 3
(16.37 £ 0.28 mg I") recorded the lowest in the same
season. In the wet season, the highest mean value was
recorded at Site 7 (51.90 + 0.58 mg ') and the lowest at
Site 2 (10.96 + 0.39 mg I"") (Table 6). Mean turbidity values
were highest in the wet season and especially high at Site
7 (278.48 £ 1.84 NTU). The highest turbidity in the dry
season was also recorded at Site 7 (76.22 + 1.16 NTU) and
the lowest at Site 3 (17.54 + 0.70 NTU). In the dry season,
the results revealed that turbidity values were significantly
different between Site 1 to Site 5 (p < 0.05), but not
between Sites 6 and 7 (Table 6, Figure 3).

With regard to heavy metals (manganese and copper),
higher mean values were recorded in the wet season at
the more downstream sites (Sites 5 to 7) (Table 6, Figure
4a). Manganese levels in the wet season increased with

Table 5: Water Quality Index (WQI) classes for drinking purpose

r?lIJar:ts)er WaQl Range Water type

1 0-25 Excellent

2 26-50 Good

3 51-75 Poor

4 76-100 Very poor

5 >100 Unsuitable for drinking purpose
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distance downstream but this trend was not observed
in the dry season (Figure 4a). The highest values for
manganese in the wet and dry seasons were at Site 7
(1.78 £ 0.07 mg I'" and 0.26 £ 0.02 mg I", respectively).
Manganese concentrations ranged from 0.21 + 0.02 mg I
to 1.78 + 0.07 mg I"" and 0.11 + 0.01 mg I”" to 0.26 +
0.02 mg I"" in the wet and dry seasons, respectively. The
manganese value for the wet season was four times (0.72
mg I™") that of the dry season (Table 6). The mean copper

o Wet
m Dry
25.0
P 200
w
['4
=)
5 15.0 -
w
=
i 100+
'_
501
Ll | | | | | |

S1 S2 S3 S4 S5 S6 S7
OBSERVATION SITES

Figure 2: Temperature levels during the wet and dry seasons

concentrations varied significantly among the sites in both
seasons (Table 6). Sites 6 (0.22 £+ 0.03 mg I”') and 7 (0.22 +
0.01 mg I"") had the highest copper levels in the wet season,
but not significantly so. Mean copper concentrations ranged
from 0.11 £ 0.01 mg I"" to 0.22 + 0.01 mg I' and 0.04 +
0.01 mg I"" to 0.16 + 0.02 mg I" in the wet and dry seasons,
respectively (Table 6).

Sulphate concentrations ranged between 21.97 %
0.49 mg I" in the wet season and 62.48 + 0.87 mg I

o Wet ™
250.0( ® Dry
= - _—

5 200.0
|_
<
E 150.0
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m
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Figure 3: Turbidity concentration in the wet and dry seasons

Table 6: Physico-chemical properties of water in study sites along part of the Chania River

Factor Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
Temperature wet (°C) 17.54 £0.20¢ 17.46+£0.18 16.60+0.17¢ 19.83+£0.18% 20.33+0.192® 19.50+0.18c 20.43 +£0.152
Temperature dry (°C) 20.43+0.27> 23.45+0.422 20.15+0.50°> 23.82+0.522 23.13+0.18 23.24 +£0.332 23.43+0.33°
TDS wet (mg I") 30.80+£0.49° 10.96 £0.39" 19.30£0.29¢ 23.91+0.57¢ 27.80+0.58° 24.86+0.23¢ 51.90 £ 0.582
TDS dry (mg I") 25.75+0.35¢ 17.96£0.48¢ 16.37 £0.28° 26.03+0.26° 36.86+0.52> 36.41+0.68> 53.61+ 1.102
Turbidity wet (NTU) 69.03 £ 0.92¢ 108.73£1.019 67.43 £1.35¢ 225.25 * 3.27°> 217.97 £1.26° 222.97 £ 1.24"> 278.48 * 1.84°
Turbidity dry (NTU) 44.62 £0.88¢ 32.10*1.91¢ 17.54*0.70° 5596 *2.15¢ 67.42+1.15> 75.87+1.222 76.22*1.162
Conductivity wet (uS cm™) 54.60 £ 0.22> 19.19+0.669 34.04 £ 0.45" 40.85+0.35¢ 51.36+£0.57¢ 45.21+0.40¢ 92.54 +1.452
Conductivity dry (uS cm™")  46.65+0.42¢ 39.45+0.29" 31.81+0.479 51.64+3.18° 62.51+1.86° 67.22+0.52° 96.79+ 1.142
pH wet 6.83 £0.192 6.60 £ 0.182 598 +0.20c 5.88+0.17° 6.26 +0.16°c 6.32 *0.16°>c 6.20 % 0.14%°
pH dry 7.37 £0.15®® 6.53+£0.17¢ 7.06+£0.06> 7.43+0.142 7.67 £0.092 7.37£0.032> 7.46+0.172
Chloride wet (mg I") 4.84 +0.13> 2.88 +0.16¢ 421+0.03¢ 5.05+0.08> 4.64 +£0.09¢ 438 +£0.03¢ 6.04 +0.05°
Chloride dry (mg I-") 3.27 £ 0.07¢ 2.62 £ 0.04¢ 1.91 £ 0.03f 2.15 £ 0.03f 445 +0.14¢ 483+0.03» 5.61+£0.152
Sulphate wet (mg I-") 2197 £ 049" 24.80+0.65¢ 37.46+0.83¢ 36.68+257¢ 49.24+0.29° 4567 £0.23¢ 62.48 +0.87°
Sulphate dry (mg I"") 26.39+£0.93" 28.85+0.60f 36.62+0.71¢ 72.42+1.29° 41.02+0.75¢ 50.47 £0.22¢ 82.00 £ 1.152
Phosphate wet (mg I-") 0.08 £ 0.02¢ 0.19 £ 0.01¢ 0.29 £ 0.02¢ 1.57 £0.04> 2.26+0.172 1.35+£0.02> 243 +0.112
Phosphate dry (mg I") 0.38 £ 0.02° 0.20 £ 0.01¢ 0.08 £ 0.01f 0.12 £ 0.02f 0.26 £ 0.01¢ 1.34 £0.462 0.83 £0.05°
Nitrate wet (mg I-") 2.60 + 0.052 1.58 £ 0.07¢ 2.04 +0.05° 1.37 £0.04c 0.81+0.20% 0.61+0.24¢ 0.91+0.21¢
Nitrate dry (mg I") 0.78 £ 0.04¢ 0.66 £ 0.03¢ 0.77 £0.04c  0.82+0.02¢ 0.82+0.03° 1.05 £ 0.04° 1.30 £ 0.072
Nitrite wet (mg I"") 0.15 £ 0.02¢ 0.19 £ 0.01¢ 0.23+0.01® 0.29%+0.012 0.25+0.01° 0.23+0.01® 0.25*0.01*
Nitrite dry (mg I"") 0.31 £0.02° 0.24 + 0.02¢ 0.31+0.02> 0.30+0.01° 0.33+0.02° 0.28 £ 0.01*¢  0.47 +£0.022
Manganese wet (mg I-") 0.21 £ 0.02¢ 0.30 £ 0.01¢ 0.33+£0.01¢ 0.63+0.02¢c 0.90 *0.03" 0.86 £0.03> 1.78 £ 0.072
Manganese dry (mg I-") 0.11 £0.01¢ 0.21 £0.01» 0.15+0.02>¢ 0.22+0.022 0.15%0.02¢ 0.14 £0.02¢  0.26 * 0.02
Copper wet (mg I"") 0.11 £ 0.01¢4 0.16 £ 0.01° 0.12+0.01¢  0.18+£0.01°¢ 0.21+£0.01* 0.22+0.032 0.22 +£0.012
Copper dry (mg I") 0.05 £0.01¢ 0.06 £ 0.01¢ 0.04 £0.01¢  0.11+0.01° 0.16 *0.022 0.10 £0.01* 0.11 £ 0.01"
Potassium wet (mg I-") 1.88 £ 0.11° 0.48 £ 0.05f 1.32 £ 0.02¢ 1.42 + 0.06¢ 1.69 £ 0.04¢ 1.83+0.03> 2.09 +£0.032
Potassium dry (mg I"") 2.13 £0.02° 0.90 + 0.04¢ 1.68 £ 0.03¢ 1.66 £ 0.02¢ 1.74 £ 0.03¢ 2.75 £ 0.082 1.40 £ 0.05¢

*Values in bold type values that were outside the recommended threshold limits by the World Health Organization (WHO 2011); means with
the same letter (i.e. a, b, c, etc.) are not significantly different between sites.
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Figure 4: Manganese (a), sulphate (b), nitrate (c), nitrite (d) and potassium (e) concentrations during the wet and dry seasons

and 26.39 + 0.93 mg I" to 82.00 + 1.15 mg I"' in the dry
season, but did not vary significantly between the sites
in either season (Figure 4b). Phosphate concentrations
ranged from 0.08 £ 0.02 mg I to 2.43 + 0.11 mg I" in the
wet season and 0.08 £ 0.01 mg I"' to 1.34 £ 0.46 mg I’
in dry the season. Phosphate concentrations also did not
vary significantly between the sites in the wet season
but did in the dry season. Nitrate concentrations were
higher in the wet season (0.61 £+ 0.24 mg I"' to 2.60 +

0.05 mg I"") than in the dry season (0.66 + 0.03 mg I' to
1.30 = 0.07 mg I") especially at upstream sites (Sites 1 to
4), but there was no clear seasonal variation across the
study sites (Figure 4c). Nitrite levels were higher in the dry
season (0.24 + 0.02 mg I to 0.47 £ 0.02 mg I") than the
wet season, especially at Site 7 (0.47 + 0.02 mg I"'; Table
6, Figure 4d). Similarly, potassium (0.90 + 0.04 mg I"' to
2.75 + 0.08 mg I"') showed an increasing trend towards the
downstream sites (Site 4 to 7; Table 6, Figure 4e).
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Water Quality Index (WQI)

The mean of the WQI values indicate that the suitability of
the river water for human use deteriorated (44.67) in the
wet season relative to the dry season (23.75), particularly at
the more downstream sites (Sites 4 to 7; Table 7, Figure 5).
In the wet season, the WQI values were excellent (23.17)
at Site 1 and poor (>50) and very poor (>76) at the most
downstream sites (Sites 5 to 7). In the dry season, WQI was
between excellent (19.67-24.69) at Sites 1, 2, 3, 5 and 6,
and good (26.30-30.10) at Sites 4 and 7, but there was no
specific trend with respect to the sites. The mean WQlI for
all sites and both seasons was as good (34.22; Table 7).

Discussion

Physico-chemical parameters

The lower mean water temperatures at the upstream site (Site
1: Karimenu) relative to those at the more downstream sites
correlated with the fact that temperatures typically decline
with declining altitude; a concept referred to as lapse rate
(Kattel et al. 2013) and also matched the vegetation cover
that increased with increasing altitude. Vegetation cover over
the stream reduces the amount of light, and consequently the
water temperature (Garman and Moring 1991; Steedman et
al. 1998; Bowler et al. 2012). The higher mean water temper-
ature recorded in the dry season, particularly at Site 4, Site
6 and Site 7 is partly a natural phenomenon, correlated
with higher mean ambient temperatures (Kalny et al. 2017),
wider stream widths and less shading, but in this case it was
probably exacerbated by clearing of riparian plants. Higher
temperatures may also result from the release of warm or hot
industrial and domestic effluents (e.g., wastewater, cooling
water) (Bogan et al. 2003; Verones et al. 2010).

The high concentration of TDS at Site 7 is expected in
line with the River Continuum Theory (Curtis et al. 2018),
which suggests that turbidity in natural systems is expected
to increase in a downstream direction. However, in the
Chania River, downstream sites experienced increased
agricultural and industrial activities (also reported by
Greathouse and Pringle 2006; Daphne et al. 2011), which
suggests that at least some of the contribution to elevated
TDS concentrations might be traced back to anthropogenic
disturbances (Anhwange et al. 2012). Site 7, in particular,
received industrial and domestic effluents from the
incremental catchment area, as well as ashes from a Hindu
crematorium, which were deposited into the river twice per

month. Such human activities increase the suspended and
dissolved matter in lotic systems and modify other chemical
factors, such as trace metals and nutrients, reducing water
quality (Ha and Pokhrel 2001; Arnold 2016). This is also
illustrated by the fact that there were higher TDS values
downstream in the dry season than in the wet season
when runoff is expected to transport more suspended
and dissolved substances from surrounding areas. These
factors were probably also responsible for the higher
conductivity values at Sites 4 to 7.

Turbidity mean values were relatively higher in the wet
season than the dry season in all the sites; especially in
the downstream sites (Sites 4 to 7). Similar results were
observed by Yang et al. (2014) and Ogamba et al. (2015)
that showed that overland flow in the wet season, transport
suspended matter (e.g. soil, organic matter) into rivers,
thereby contributing to the decline in water transparency
and quality. Riparian zones along riverbanks (e.g. at Site 1)
slow runoff carrying suspended matter from entering rivers
and this drops sediments and pollutants into the fringing
riparian zone, thereby reducing sedimentation and pollution
in the river (Liu et al. 2019). Sites 6 and 7 where clearing
of riparian vegetation has taken place are also those with
a greater number of anthropogenic disturbance (washing
clothes, animals trampling, etc.) that together contribute to
increased turbidity levels.
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Figure 5: Water Quality Index (WQI) mean values during the wet
and dry seasons

Table 7: Water Quality Index (WQlI) values for the wet (WQI,) and dry (WQIl,) seasons,
combined seasons (WQI,.....q) @and water type categories for the different study sites

ngpling wal Water wal, Water wal, .. Water
site v type type combine type
Site 1 23.17 Excellent 19.67 Excellent 21.41 Excellent
Site 2 26.31 Good 21.64 Excellent 23.79 Excellent
Site 3 27.20 Good 20.29 Excellent 23.71 Excellent
Site 4 41.34 Good 26.30 Good 33.94 Good
Site 5 54.35 Poor 23.57 Excellent 39.09 Good
Site 6 51.15 Poor 24.69 Excellent 37.92 Good
Site 7 89.15 Very poor 30.10 Good 59.68 Poor
Entire river 44.67 Good 23.75 Excellent 34.22 Good
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The high mean values for heavy metals, such as
manganese and copper in the wet season, suggest that
these chemicals are transported from the surrounding areas
by runoff. These chemical substances were also at higher
concentrations at downstream areas (Sites 5 to 7), where
removal of riparian vegetation compromised chemical water
quality (Dosskey et al. 2010). Njue et al. (2016) and Chua
et al. (2019) evaluated the effect of riparian vegetation
on river water quality and found that rivers with less
riparian vegetation had high concentrations of dissolved
organic carbon, total phosphorous, dissolved manganese,
potassium, sulphate, sulphur, cadmium, lead, copper and
total nitrogen concentrations when compared with less
disturbed riparian areas. The authors also suggested that
protecting riparian vegetation and restoring degraded riparian
zones would assist in improving stream water quality.
Conversely, Guo et al. (2015) discovered that riparian
grassland had the highest nutrient concentrations showing
that maintenance of vegetation (e.g. grassland) near riparian
areas intercept and infiltrates runoff, trapping nutrients and
reducing river pollution. Lack of a clear seasonal pattern
for sulphate, phosphate and nitrate suggests that runoff
is not the only important pathway for their presence in
rivers, human activities (effluent input), natural sources, or
transformation of the nutrients are also important (Rapport
1999; Baldwin 2013; Bouwman et al. 2013).

Mean values for physico-chemical variables, such as
total dissolved solids, conductivity, chloride, sulphate,
phosphate, nitrate, nitrite and potassium, were lower than
the recommended water quality standards by the World
Health Organization (WHO 2011), but turbidity (>15 NTU),
manganese (>0.1 mg I-') and copper (>0.1 mg I"") were
not (Table 6, Table 8). High turbidity may reduce the utility
of water by humans, as a result of the high amounts of
suspended organic and inorganic matter. Additionally,
turbidity may increase water treatment cost, because
of the increased amount of chemicals required for the
coagulation process (Sahu and Chaudhari 2013). Turbidity
in the current study is particularly important within the water
treatment context, because some of the highest turbidity
values (>200 NTU) were recorded just upstream of the
intake weirs of Kiambu Water and Sewerage Company.
Manganese and copper should also be maintained within
the recommended threshold limits by the WHO (WHO
2011); manganese has been reported to affect the central
nervous system in children, impair cognitive abilities and
adaptive behaviours among other effects (Ljung and Vahter
2007; Dion et al. 2018).

Water Quality Index (WQI)

The WAQI of the Chania River in the wet season was in the
‘excellent’ to ‘very poor’ range across all sites, mainly as
a result of runoff from agricultural lands and municipal,
domestic and industrial wastewaters discharged into the
river (Halder and Islam 2015). This was especially evident
at downstream sites (Sites 4 to 7), where the water quality
deteriorated from good to very poor. However, the index
showed that the river water was ‘excellent’ and ‘good’
in the dry season at all sites. The main reasons for the
declined water quality in the wet season were inputs of
suspended and dissolved substances in the overland

Table 8: Water quality parameters and the recommended water
quality standards by the World Health Organization (WHO 2011)

Parameter Unit WHO
Temperature °C -
pH - 6.5-8.5
TDS mg I 1000
Conductivity pS cm 500-5 000
Turbidity NTU 5
Chloride mg I 250
Sulphate mg I 250
Phosphate mg I 5
Nitrate mg I 50
Nitrite mg I 0.2-3
Manganese mg I 0.4
Copper mg I 1-2
Potassium mg I 30

runoff, which affected the water quality (Uusitalo et al.
2001; Wei et al. 2013).

The main sources of contamination in the Chania River
were wastewater discharged from Thika Town (Site 7),
fertilizers, pesticides and other agrochemicals from coffee
plantations, effluent from a coffee processing factory (Site
3); and agricultural activities along its banks (Site 5). River
water quality was significantly reduced in the wet season
the sites immediately downstream of disturbed parts of the
watershed areas, where there where infiltration of runoff is
low, there is reduced capacity for retention of solid particles
and where the riparian vegetation was disturbed or
removed completely (Zhang et al. 2010). The presence of
a healthy riparian zone and fewer human-related activities
contributed to better water quality at the upstream site (Site
1) in both seasons.

Conclusion and recommendations

The WQI used in this study showed that water quality was
relatively better for human use in the dry season than the
wet season. Heavy metals, such as copper and manganese,
were prevalent at downstream sites in both seasons,
probably because they enter the river via solid wastes
disposal and point-source effluent discharges. However,
the concentrations of other potentially harmful parameters
(nitrates and phosphates) were higher in the wet season
than in the dry season, despite additional dilution in the
former. This suggests that these are entered the river via
runoff associated with rainfall events, which increase in the
wet season. This suggestion is supported by the fact that the
sites with elevated concentrations also lacked a functioning
riparian zone, which would have ameliorated the impact of
poor-quality runoff on the river (Vidon et al. 2010).

Although the water quality of the Chania River was
generally good, there are places where agricultural and
industrial activities degraded the water quality to the extent
that treatment is required before this water is safe for
human consumption. The results point to the urgent need
for the implementation of strategies to reduce the pollution
load entering the river through regulating the intensity of
farming, wastewater treatment prior to disposal of point-
source effluents and restoration of riparian zones of the river
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to enhance protection against non-point source pollutants,
particularly in the downstream parts of the river. Failure to
this, the indications are that the situation will worsen consid-
erably over time. In addition, the human health risks associ-
ated with elevated concentrations of copper and manganese
in this area require additional investigations.
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