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Abstract

Yala swamp wetland is the largest fresh water wetland ecosystem in Kenya
supporting a broad biodiversity. It comprises of River Yala, the Yala swamp,
Lakes Kanyaboli, Namboyo and Sare, and a portion of Lake Victoria neigh-
boring the swamp. Approximately 2300 ha of land have been reclaimed and
has been used for large-scale agriculture resulting in mass destruction of pa-
pyrus to create room for framing. Papyrus are known to be important in
phytoremediation but despite this role information is limited, lacks suppor-
tive evidence and the empirical aspect on the levels of these pollutants in rela-
tion to the papyrus biomass is limited. The study is aimed at determining the
effects of Cyperus papyrus on the water and sediment quality in Yala Swamp
wetland. Six sampling sites were purposefully selected to monitor the varia-
tions of the physicochemical parameters (temperature, dissolved oxygen: DO,
pH, biological oxygen demand: BOD, total suspended solids: TSS, turbidity,
electrical conductivity: EC and total dissolved solids: TSS) and the levels se-
lected nutrients (phosphorus and nitrates) in water and sediments as River
Yala flows through Dominion Farms, Lake Sare which surrounded by Cype-
rus papyrus and finally into Lake Victoria. The samples were collected in
triplicates during the wet and dry seasons (May and September 2015 respec-
tively). The physicochemical parameters were measured in situ using a Hy-
drolab muiltimeter while the nutrients were analyzed using UV/Vis spec-
troscopy. Statistical analysis was done using SAS V9.0 software. The mean
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temperature was 26.19°C = 0.71°C, DO: 3.72 £ 1.02 Mg/l, BOD: 3.9 £ 0.32
Mg/l, pH: 7.52 £ 0.17, TDS: 109 + 86.33, EC: 173.26 + 13.8 uS/cm, TSS: 12.42
+ 18.51 Mg/l and Turbidity: 12.29 + 10.03 NTU. The values varied signifi-
cantly at P < 0.05 among all the sites. The results show that papyrus is useful
in maintaining the required levels of physicochemical parameters. The study
will assist in conservation of the papyrus to help phytoremediate pollutants
from Dominion farms and the adjacent farms in order to have ecologically
sound wetland.
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1. Introduction

Access to safe water is a fundamental need and basic human right [1]. It is im-
portant to constantly protect and control the quality of water. Wetlands around
the globe are being modified, reclaimed and overexploited due to high levels of
resource consumption, land conversion or upstream developments that alter the
quality and flow of water that feeds into them [1]. The forces are so intense that
many wetlands such as Nakivubo Wetland in Uganda and Yala Swamp in Kenya
have previously been reported to be heavily degraded [2]. Geita wetland in
Uganda has been converted to rice fields where accidental release of agrochemi-
cals is common [3].

In Yala swamp agricultural activities have intensified leading to the destruc-
tion of Cyperus papyrus species with the biggest contributor being Dominion
farms. Papyrus is a staut, aquatic perennial rhizomatous sedge that grows up to
3.5 m in height naturally in tropical and subtropical areas in swamps and along
margins of Lakes and Rivers [4] and [5]. The roots are tough with numerous
rootlets, the culms are erect and roundly trigonomous, smooth and 15 - 45 mm
in diameter, photosynthetic, contain a solid pith and white light brown in co-
lour. The leaves are alternate, have reduced sheathing and reddish blackish
brown in colour when young. The inflorescence looks like an umbel, hemis-
pherical when young. They can be browsed or cut for livestock feeding, used to
make furniture, mats, baskets, handicrafts, roofing material and boat construc-
tion [6]. Plants also add oxygen, providing a physical site of microbial attach-
ment to the roots generating positive conditions for microbes and bioremedia-
tion. In Yala swamp there is lack of scientific information relating the role of
papyrus to its water cleaning role which necessitates this study.

Although studies have been conducted on the water quality of Lakes Kanya-
boli and Namboyo which are also part of Yala Swamp Ecosystem, e.g. by [7], in-
formation on the role of papyrus plants on improving water quality specifically
the water quality parameters of Lake Sare is limited. This scientific data on phy-

sicochemical parameters is necessary order to establish the phytoremediation
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role of papyrus plants. This was achieved by taking water and sediment samples
from six sampling sites in different geographic locations along the flow channel
of River Yala in Yala swamp and they constituted areas with the papyrus reeds

and those without.

2. Materials and Methods
2.1. Sampling

Sampling of water, sediments and Cyperus papyrus was done in May 2015 for
the wet season and in October 2015 for the dry season in the River Yala wetland.
Six sampling sites lying between 0°02'25"S; 034°03'42"E and an altitude of 1140
m above sea level were selected purposefully following the direction of flow of
water in River Yala through Dominion Farms, then through Yala Swamp (dom-
inated with papyrus plants) and then through Lake Sare (also dominated with
papyrus plants) and finally at the entry of water into Lake Victoria (Figure 1).
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Figure 1. A skech map of the Yala swamp wetland showing sampling sites.
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The sampling sites were, Station A (at the entry of River Yala into Dominion
farms: the control), Station B (at the entry point of River Yala from Dominion
farms into Yala Swamp, Station C (within the Yala Swamp approximately 3 km
to Lake Sare and is dominated with papyrus plants), Station D (at the exit of Yala
Swamp into Lake Sare also dominated by papyrus plants), Station E (at the cen-
ter of Lake Sare about 3 km from the shores) and Station F (the lower part of
Lake Sare just before it empties its waters into Lake Victoria). Sampling was
done in triplicate for each set of samples in a location. Water samples were col-
lected using plastic amber bottles, which were put in a cooler box at 4°C before
transferring to the laboratory for analysis. Sediment and Papyrus reed sample

were also collected in plastic and transported to the laboratory for analysis.

2.2. Determination of Water Quality Parameters

The physico-chemical parameters of water were determined by taking in situ
measurements of electrical conductivity (EC), pH, turbidity, temperature, total
dissolved solids (TDS) and dissolved oxygen (DO) in Stations A-F in triplicate
using a Hydrolab multimeter model (YSI 556 MPS Multimeter, USA). The Bio-
logical oxygen demand (BOD) for water samples was determined by getting the
difference between the DO values of samples immediately after collection and
the DO values of samples after incubation at 20°C for five days. Total suspended
solids (TSS) for each water sample were determined by filtering 50 ml of water
through a pre-weighed standard glass-fiber filter. The residue retained on the
filter was dried to a constant mass in an oven at 105°C for 1 hour then cooled in
a desiccator. The mass of total suspended solids in mg was determined according
to Equation (1).

(A—B)x100

Sample volume (mL)

Total Suspended Solids/L = (1)
where:

A = weight of filter + dried residue (mg),

B = weight of filter, (mg)

L =vol in litres

2.3. Data Analysis

Statistical analysis of data was done using SAS V9.0 software and Microsoft excel
version 2010. One-way ANOVA without replication to determine significant
differences between the values obtained in the different stations. Duncan Mul-
tiple Range Test (DMRT) was used post hoc separation of means to find signifi-
cant differences in means. Student’s t-test was used to establish the significant

difference of all the parameters under study in the wet and dry season.

3. Results and Discussion

The data obtained from the analysis of the physicochemical parameters of water
(Temperature, pH, DO, conductivity, turbidity, TDS, TSS and BOD) from the
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different sampling sites during the rainy and dry seasons are summarized in Ta-
ble 1 and Table 2.

3.1. Temperature

The temperature of the different stations ranged from 24.0°C + 0.1°C to 29.0°C
+ 0.7°C in the dry season and 23.6°C + 0.1°C to 29.0°C £ 0.3°C in the wet sea-
son. In general, with the exception of Station D, in which the temp in the dry
season was not significantly different from that in the wet season (P < 0.05). The
temperature obtained during the dry season for each station was higher than the
corresponding temperature of the dry season. The mean temperature levels va-
ried between the different sampling sites one-Way ANOVA, Fi1yy = 5.2920, P <
0.03). The lowest temperature level (23.79°C= 0.26°C) recorded at the entrance
of River Yala to Dominion farms (station A) and the highest temperature level
(28.99°C + 0.44°C) recorded at the exit of Yala Swamp to Lake Sare (Station D).
Lower temperatures were recorded in River Yala at station A (entrance of River
Yala to Dominion farms) (23.79°C £ 0.26°C) could be because of the rigorous
water movement and turbulences of the waters as it meets obstacles like stones
and twigs which bring about a cooling effect. At station B (exit of River Yala
from Dominion farms) the temperatures were higher (26.60°C = 1.98°C) and
this could be because the waters here were flowing from Dominion farms where
a lot of pollutants had been introduced.

The waters were different in colour brown to black and not as clear as that of
station A and the speed of water was also slow with no turbulence and the sedi-
ments had a foul smell in some sections [8], reported that the high water tem-

perature could result from exothermic reactions of pollutants that influence the

Table 1. A summary of the physico-chemical parameters of water measured in situ in the selected sites in the River Yala wetland

during the wet and dry seasons.

Parameters Lemperature °C PH DO (mg/L) Conductivity (pgs/cm) Turbidity (NTU)
Sites Dry Wet Dry  Wet Dry  Wet Dry Wet Dry Wet
_ 23.6 % 41+
Station A 24.0 +0.1* 0.1 7.6+0.18 74+ 0.1 6.0 + 1.14 0.4 81.9+0.2F 84.7+26° 288+1.3%% 18.5+344
) 252+ 74+ 1.6+ 1260+
Station B 28.0 + 0.6® 7.4 +0.1% 4.2 +0.1¢ 309.3 +18.0° 31.8+3.5% 12.8+0.38
0.4% 0.18¢ 1.2¢ 1.78
24.6 + 7.6 1.5+ 448.8 +
Station C  26.3 +1.3% 8.0 + 0.54 3.1 +0.8° 4243 +10.74 17.4+4.1° 7.3 +4.5°
1.0¢ 0.348 0.6 3.74
. 29.0 = 29.0 = 7.5+ 2.7+ 1034 +
Station D 7.3+0.2¢ 5.2 +0.58 103.9+2.9¢ 27.9+2.9% 0.80+ 0.5
0.78¢ 0.34 0.248 0.78 4.4¢
. 258 £ 273 % 7.4+ 5.0+ 39+
Station E 7.7 £ 0.24 88.8+0.9° 106.0 +3.0° 1.4+0.1° 0.01 +0.01°
0.2BP 0.28 0.1¢® 0.18¢ 0.44
. 25.6 £ 259 + 7.5+ 7.5+ 44+ 2.8+
Station F 88.6 +0.6° 104.1 £0.8¢ 1.3+0.5° 0.01 +0.004P
0.2BP 0.4¢ 0.18¢ 0.148 1.08¢ 0.48

Each value represents mean of triplicate measurements + standard deviation.

DOI: 10.4236/jbpc.2024.151001

5 Journal of Biophysical Chemistry


https://doi.org/10.4236/jbpc.2024.151001

V. A. Orodo et al.

adsorption of hydrocarbons in soil. At Yala Swamp (station C) and the entrance
of River Yala to Lake Sare (station D), the temperatures were higher with D
having the highest mean temperature (28.99°C + 0.04°C). These sites were
dominated by papyrus plants and the water velocity was very low. The high
temperature could also be attributed to decrease in depth of water as reported by
[9], who observed that the waters can spread in a large area due to the papyrus as
obstacles and this would allow heat to penetrate the sand and consequently raise
the temperature of water. [8], also observed that a wetland with high vegetation
density will correspond to low flow rate. For this reason, most of the pollutants
from Dominion farms settled here some being trapped by the papyrus roots and
more reactions took place leading to the increased temperatures. Additionally,
an increase in photosynthetic processes of aquatic plants and algae also increase
water temperature as observed by [10]. The temperatures then reduced at Lake
Sare (station E, 26.54°C * 1.07°C) and the entrance of Lake Sare to Lake Victoria
(station F, 25.72°C % 0.19°C) and this could be because most of the pollutants
had been broken down and some diluted thus no further reaction was taking
place. Physiochemical water quality parameters, temperature included, are in-
fluenced by human activities and consequently the health of the population.
Hence it is necessary to quantitatively assess the characteristics of river water.
The traditional method of water quality assessment involves analyzing the
chemical parameters and comparing them with existing standards [11].

In general, there were no significant differences in the mean temperature le-
vels in the two seasons (Student’s t-test, P = 0.43785). The slight difference be-
tween the dry and wet season mean temperature values could be attributed to
the cooling and diluting effects of rain water. According to [12], during the wet
season increased water inflow could result in lower water temperature and in-
creased D.O values. Similarly, according to [13], low water temperatures could
be due to increased water volume from rain water and decreased penetration of
light rays due to deposition of silt and suspended materials. The findings of this
study are also in agreement with a study by [14], in sections of Asa River in Ni-
geria that had mean temperature ranges of 25.04°C to 30.13°C. The mean tem-
peratures for rainy and dry seasons were between 28.22°C + 0.96°C and 24.60°C
+ 0.21°C respectively. A similar study by [14], at Ishasha River and Lake Edward
in Uganda had temperature ranges from 22.62°C to 23.8°C in the sampling sites.
[15], in the same study area Ze. Yala Swamp obtained a mean temperature value
of 27.02°C. This is higher than the values obtained in this study both in the dry
and wet seasons Ze. 26.45°C + 0.45°C and 26.22°C * 0.4°C respectively. This
could be because at that time reclamation activities were still at a lower scale and
much of the papyrus plants had not been interfered with and as mentioned ear-
lier by [10], increase in photosynthetic processes of aquatic plants and algae also
increase water temperature. The average temperatures for all the sampling sites
were less than 40°C which depicts a temperature range that is supportive of good

surface water quality and survival of plants and animals as reported by [16].
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3.2. Conductivity

Conductivity levels along the various sampling stations in River Yala, Yala
Swamp and Lake Sare varied significantly (One-Way ANOVA, Fs 5 = 5628, P <
0.0001). The highest value 436.51 + 17.3 puS/cm was recorded at Yala Swamp
(Station C) and lowest value 83.28 + 1.98 uS/cm recorded at the entry of River
Yala to Dominion farms (station A).

The permissible conductivity limit for domestic water supply is 200 uS/cm.
Highest values were recorded at Yala Swamp (station C. 436.51 = 51 uS/cm)
where the pollutants first settle within the papyrus plants. The second highest
value was also recorded at the exit of River Yala from Dominion farms (station
B, 226.6 + 12.20). This station receives most of the pollutants from Dominion
farms which join the River water and they are later transferred to station C (Yala
Swamp). The pollutants probably are the reasons behind the high conductivity
levels. The high levels also indicate that the waters have a high concentration of
electrolytes and dissolved solids since according to [10], EC of water can be
termed as the total count of dissolved salt or as the forecaster of the individual
ions. The conductivity levels reduce from the exit of Yala Swamp to Lake Sare
(station D, 103.62 + 0.33 uS/cm). This could be because most of the pollutants
are absorbed by the papyrus plants and some decompose and change into other
forms that are utilized by microorganisms.

The variation in electrical conductivity is closely According to [17], the varia-
tion and increase in electrical conductivity is closely dependent on the amount
and mobility of charger carrier. This is so especially when a lot of pollutants dis-
solve forming ions. The variation in electrical conductivity is closely dependent
on the amount and mobility of charge carrier.

The levels further reduce to Lake Sare (station E, 97.17 + 11.8 uS/cm) and sta-
tion F (the entrance of Lake Sare to Lake Victoria) had the least value (96.38 +
10.9 uS/cm) after station A (83.28 + 1.98 pS/cm) which is attributed to the pa-
pyrus plants. The nutrients that get into the waters of River Yala from Dominion
Farms could be contributing to high conductivity levels in station C (Yala
Swamp). The immense cutting and burning of the papyrus plants to create room
for agriculture could cause increase in temperatures which further increase EC.
Station A had the lowest level of conductivity (88.28 + 1.98 uS/cm) could be be-
cause it is less polluted hence has less concentration of electrolytes.

In the two seasons there were no significant differences in conductivity (Stu-
dents t-test P = 0.3389). The slight higher conductivity values in the wet season
could be because according to [18], water bodies are recharged during the rainy
season and the salts and nutrients are transported to the water bodies that in-
crease conductivity levels. This could also be because at such times agricultural
activities are at their peak which includes the use of herbicides, pesticides and
fertilizers which later find their way in water runoff and increase the levels of
EC.

Station B (River Yala after leaving Dominion Farms) had the highest conduc-
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tivity value in the wet season (309.3 * 2.9 uS/cm). This could be because it rece-
ives a lot of pollutants from Dominion Farms and as mentioned earlier it is dur-
ing this season that agricultural activities are intensive. These pollutants dissolve
forming ions which eventually increase conductivity levels and according to
[19], a higher conductivity reflects higher water pollution. More so land use ac-
tivities like spraying of crops to control pests and weeds or fertilizers increase the
chloride, nitrate and phosphate levels which are known to also increase the
conductivity levels. In the same station B the conductivity levels in the dry sea-
son are low (126.0 + 1.7 uS/cm). This is attributed to the fact that the water levels
are lower in this season hence low ions and also agricultural activities are fewer

hence less pollutants are introduced to the water.

3.3.pH

The pH levels varied in the sampling stations (one-Way ANOVA, Fs 55 = 10.985,
P < 0.001). Station C (Yala Swamp) was significantly different from all other sta-
tions and had highest mean pH value 7.86 + 0.30 and lowest value 7.38 + 0.08
was recorded at the exit of Yala Swamp to Lake Sare (station D).

In most natural waters the pH ranges between 6.5 and 8.5 [20]. In this study
the mean pH values ranged from 7.3 to 8.0 which indicate that they were within
the permissible required range. The stations were slightly alkaline with the site
within the papyrus reeds (station C), being the most alkaline (7.86 + 0.30). Alka-
linity is an indication of amount of carbonates and bicarbonates that shift the
equilibrium producing hydroxyl ions. According to [21], pollutants can raise the
amounts of carbonates and bicarbonates in water which explains the alkaline le-
vels in the study area especially at station C (Yala Swamp) with pH level 7.86.
This could be because of the pollutants coming from Dominion farms. Other
contributors of alkaline pH are phosphorus and nitrogen containing compounds
and from the study these elements were detected to some extend which was
probably the cause of the alkaline conditions. The exit of Yala Swamp into Lake
Sare (station D) had the lowest pH (7.38 + 0.08). This could be because the sta-
tion was dominated by papyrus reeds where a lot of biochemical processes be-
tween organic and inorganic wastes were taking place some of which produce
weak acids that lower pH.

Low pH could be attributed to enhanced ammonification and nitrification
processes that result to decay. Reduction in pH may also be due to carbon dio-
xide released by bacterial breakdown of organic wastes [22]. In this case the gas-
es were found in the papyrus debris. This gas combines with water to form weak
carbonic acid that lowers pH [22].

The pH levels in the study had the same mean levels for both seasons as indi-
cated in Table 1 (7.5 £ 0.2). However, in some stations like station C (Yala
Swamp) the mean pH value was very high in the dry season compared to the wet
season. This could be because during the dry months an increase in pH of a wa-

ter body is associated with photosynthetic activities which increase uptake of
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nutrients, a decrease in rainfall volume and an increase in water for irrigation
resulting in unstable diurnal pH curve. Station C (Yala Swamp) was dominated
by Papyrus reeds hence it is probable that the high photosynthetic activities of
the reeds would increase the pH.

The pH of water reduced after leaving the papyrus reeds which indicates that
they play a role in improving pH. The seasons did not have an effect on pH val-
ues as indicated by Student’s t-test P = 0.9361. However, in some stations like
station C (Yala Swamp) the mean pH value was very high in the dry season
compared to the wet season. This could be because during the dry months an
increase in pH of a water body is associated with photosynthetic activities which
increase uptake of nutrients, a decrease in rainfall volume and an increase in
water for irrigation resulting in unstable diurnal pH curve. Station C (Yala
Swamp) was dominated by Papyrus reeds hence it is probable that the high
photosynthetic activities of the reeds would increase the pH. The pH of water
reduced after leaving the papyrus reeds which indicates that they play a role in
improving pH.

3.4. Dissolved Oxygen

The values of Dissolved Oxygen varied between the sampling stations one-Way
ANOVA, Fs36 = 10.98527, P < 0.0001).Duncan Multiple Range Test further es-
tablished that the mean DO value for station A (entry of River Yala to Dominion
farms) was significantly different from all other stations and had the highest
value of 5.10 + 1.412 Mg/l. The lowest value 2.31 + 1.12 Mg/l recorded at Yala
Swamp (station C). Dissolved Oxygen varied between the sampling stations
one-Way ANOVA, Fs 6 = 10.98527, P < 0.0001).

DO is among determining factors for the survival and growth of aquatic or-
ganisms. In this study DO values were highest in station A (Entrance of River
Yala into Dominion farms) 5.10 + 1.41 Mg/l. This could be attributed to the fact
that the water is less polluted with organic matter and is in constant turbulence
that promotes aeration which increases the oxygen levels. The waters in station B
(exit of River Yala from Dominion farms) and C (Yala Swamp) had the least
mean DO values 2.89 + 1.87 Mg/l and 2.31 Mg/l respectively. This is possible
because most of the contaminants released by Dominion farms were introduced
in the water in station B (River Yala from Dominion Farms) making it to be
loaded with organic matter which later would flow into the water within papyrus
reeds (station C).

Some of the wastes would probably use up most of the oxygen in the processes
of oxidation to form other products. The papyrus reeds trap most of these con-
taminants in the roots and create anoxic conditions. According to [23], the de-
creased water volume caused by the reeds result to increased water temperature
which decreases the solubility of oxygen in water hence low DO. The low DO
values could also be due to aerobic decomposition of plant materials within the

reeds, nitrification and mineral surface aeration resulting from vegetation cover.

DOI: 10.4236/jbpc.2024.151001

9 Journal of Biophysical Chemistry


https://doi.org/10.4236/jbpc.2024.151001

V. A. Orodo et al.

High organic waste load contribute to decreased DO concentrations and in-
creased BOD levels since the wastes use a lot of dissolved oxygen during de-
composition [24]. This is also in agreement with [25] who also had the opinion
that low DO could possibly be due to increased organic load which requires a
high level of oxygen for chemical oxidation and breakdown. In the two seasons
there were significant differences in DO (Student’s t-test P = 0.0007). The levels
of DO were higher in the dry season than the wet season. This could be accord-
ing to [26], increase in temperature and duration of bright sunlight which has an
influence on the percentage of soluble gases (Oxygen and carbon (IV) oxide).

During dry season the intense sunlight seem to accelerate photosynthesis by
phytoplankton, utilizing CO, and giving off oxygen. This finally increases the
DO levels. The correlation of DO with water body gives direct and indirect in-
formation e.g. bacterial activity, photosynthesis, availability of nutrients, strati-
fication e.t.c. [27]. In both seasons the levels of DO are lowest in Station C Ze.
3.1 £ 0.8 Mg/l and 1.5 = 0.6 Mg/l in the dry and wet seasons respectively. This
could be because according to [28], low dissolved oxygen levels could be attri-
buted to reduced water speed or lack of turbulent water movements that could
increase the oxygenation. Station C is dominated by papyrus reeds which reduc-
es the water speed and turbulence.

Similarly, in both seasons the level of DO increased from Yala swamp (station
C) to the exit of Yala Swamp to Lake Sare (station D) e.g. from 1.51 + 0.57 Mg/l
in wet season to 2.63 = 0.70 Mg/l and from 3.10 + 0.83 Mg/l in dry season to
5.21 + 0.51 Mg/l. The exit of Yala Swamp to Lake Sare (station D) also con-
tains papyrus reeds but receives waters that have been filtered in Yala swamp
(station C). Wetland plants are reported to transfer photosynthetic oxygen to
the rhizosphere thus boosting the oxygen concentration in the water column.
This could be the reason for the increase in DO values in the two Stations Ze.
D andE.

According to [12], during the wet season increased water volume could result
in lower water temperature and increased DO values a situation that could in-
crease photosynthesis. However, this is not the case from the results obtained in
this study where DO values in the dry season are higher than in the wet season
hence they disagree (Table 1). This could be because according to [29], dissolved
oxygen is depleted through chemical oxidation and respiration by aquatic ani-
mals and microorganisms especially during decomposition of plant biomass and
other organic materials. The quantities of these materials ie. plant biomass and
organic materials are higher in the wet season. The same sentiments are held by
[28] that the decomposition of organic substances from the industries and urban

centers contributes to the low levels of dissolved oxygen in the water.

3.5. Turbidity Levels

Turbidity values varied in the various sampling stations (one-Way ANOVA,
Fs35 = 41.00014, P < 0.0001). Duncan Multiple Range Test (DMRT) further es-
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tablished that mean turbidity levels for station A (entrance of River Yala to Do-
minion farms) was significantly different from all other stat Turbidity is a meas-
ure of the degree to which water losses its transparency due to presence of sus-
pended particulates and the more the TSS the murkier it seems and the higher
the turbidity [30]. In station A, the levels were the highest 23.64 + 7.34 NTU due
to the fact that the waters were in motion with turbulence which increases re-
suspension of sediments in the water column. This is in agreement with [31] that
states that during high water flows, water velocities are faster which can stir up
and re-suspend materials from the River bed causing higher turbidities. Also
there are chances that turbidity is high due to the immense agricultural activities
taking place in the catchment area that contribute to erosion, storm water runoff
and industrial discharges. In station B (exit of River Yala from Dominion Farms)
the motion is less making some of the materials to settle but turbidity is still high
since waste materials from Dominion farms are added to the water column. In
station C (Yala Swamp) turbidity reduces due to the presence of the reeds that in-
crease the residence time and retention of suspended organic materials in their
root mass. This also applies to station D (exit of Yala Swamp to Lake Sare). In sta-
tion E (Lake Sare) and station F (entrance of Lake Sare to Lake Victoria) the tur-
bidity levels are least since most of the materials settle and turbidity was lowest.

According to [30], a wetland with high vegetation will correspond to low flow
rate and low turbidity value. The same opinion is also expressed by [12], that a
wetland with high vegetation density will correspond to low flow rate and low
turbidity values. This further explains the decrease in turbidity values as the wa-
ter passes through the papyrus reeds in station C and D to get to stations E and
finally F (Table 1). Turbidity for drinking water should not be more than 5 NTU
or ideally below 1 NTU [20], This implies that the water in all the stations stu-
died were unfit for human consumption except at Lake Sare (station E) and the
entrance of Lake Sare to Lake Victoria (station F). There were significant differ-
ences in turbidity levels in the two seasons (Student’s T-test P = 0.0379).

Turbidity levels were high in the dry season than wet seasons but they reduced
from the entry of River Yala to Dominion Farms (station A) to the mouth of
Lake Sare to Lake Victoria (station F). This observation in decrease in turbidity
from stations A to F in both seasons could also be due to sedimentation as River
Yala passes through the wetland which concentrates the ability of wetland to re-
tain sediments. This is consistent with the findings of [32], that the most impor-
tant role wetlands is that they increase the residence time of water, act as natural
water purification systems, removing silts and absorbing nutrients and toxins.
Which means that they reduce the velocity and thereby increase the sedimenta-
tion of particles and associated pollutants.

At station A, the turbidity levels were higher than in any other station in both
seasons (Table 1) could be because according to [28], high turbidity in the sub
catchments is a direct consequence of poor agricultural practices and lack of
buffer zone along the River. Station A and B had relatively high turbidity levels

in both seasons could be because as River Yala flows it could be carrying sedi-
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ments and other particles from runoff. The same opinion is echoed by [33], that
high turbidity could be associated with sediments resulting from soil erosion
from farming activities and urban runoff pollution. The other reason could be
that the water was in motion with turbulence which increases the amount of
suspended materials.

According to [31], during high flows, water velocities are faster which can stir
up and suspend materials from the river bed causing higher turbidities. In this
study turbidity levels are lower in the wet season than the dry season contra-
dicting this statement could be because the area is known to do irrigation using
water from weirs and when opened the water velocity becomes much higher
which increase turbidity. The high turbidity in the dry season in the study area
could also be because most agricultural activities like clearing and ploughing of
land in preparation for planting happen at that time which leads to production
of a lot of suspended soil and dust in water. This could further be due to low
water volume during the dry season compared to the wet season where dilution
effect takes place as reported by [31]. Some solids also dissociate as pH decreases
during the dry season. According to [34], turbidity in water is the measurement
of suspended and colloidal particles in water with size greater than 0.15 - 0.2 pm.
Both suspended matter and turbidity are indicators that reflect the coarsely dis-
persed particles in the water. This explains why it is high in the dry season.

The papyrus reeds could also be playing a role in reducing turbidity in the wet
season. Additionally, wetlands are expected to have high water flow rates and
have an increase in turbidity values during rainy seasons compared to dry sea-
sons as observed by [34], which makes rainfall amounts an instrument in regu-
lating physical parameters of a wetland ecosystem. But as mentioned earlier this

is not the case in this study since other factors come in.

3.6. Biological Oxygen Demand

The BOD values did not vary significantly between the different sampling sites
(one-Way ANOVA, Fio3) = 1.349287, P = 0.289087). The highest mean BOD
value was recorded in station A (4.39 + 1.54 Mg/l) and the lowest mean BOD
value recorded at station D (3.71 + 2.32 Mg/l). DMRT also established that the
BOD values did not vary significantly in all the stations

BOD is a measure of the amount of oxygen removed from aquatic environ-
ments by aerobic micro-organisms for their metabolic requirements during the
breakdown of organic matter (UNEP, 2006). In this study the highest BOD val-
ues 4.39 * 1.54 Mg/l was obtained in station A (River Yala before getting to Do-
minion farms) (Table 2). According to [35], highest BOD could be due to a high
influx of organic material resulting from rain water runoff and animal wastes as
they drank water. This could explain the high BOD values at station A as ani-
mals from the community around the study area could be seen taking water and
probably they would excrete their wastes in the process that would consequently

increase BOD levels.
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This is an indication of pollution which suggests that River Yala has other
sources of pollutants and not just Dominion farms. The average BOD levels for
the study area is 3.91 + 0.32 Mg/l which further indicates that the area is polluted
since according to [36], unpolluted waters typically have BOD values of 2 Mg/L
02 or less, whereas those receiving wastewaters may have values up to 10 Mg/l
or more, particularly near to the point of wastewater discharge.

The BOD levels were low in almost all the stations during the wet season, with
the highest value recorded was at station A (3.30 + 0.76 Mg/l) and lowest at sta-
tion C (2.08 + 0.17 Mg/l). In the dry season the BOD values were higher com-
pared to the wet season, with Lake Sare (station C) recording the highest value of
5.57 £ 0.12 Mg/l) and the exit of Yala swamp to Lake Sare (station D) the lowest
(4.29 = 0.1 Mg/l) (Table However there were significant differences in BOD le-
vels in the dry and wet seasons (Student’s t-test P = 0.02013).

In the dry season the exit of River Yala from Dominion farms (station B) had
a high BOD value 5.56 + 0.09 Mg/l (Table 2). This station receives a lot of pol-
lutants from Dominion farms and according to [35], high BOD values could
possibly be due to a high influx of organic material resulting from runoff and
animal wastes. A study by [37], at River Yobe Nigeria had BOD values averaging
to 2.77 Mg/l which are close to the findings in this study Ze. 2.55 = 0.59 Mg/l in
the wet season.

High BOD values indicate decline in DO since oxygen is being consumed by
the bacteria for respiration leading to inability of other aquatic organisms to
survive. Additionally, during the dry seasons, the water volume reduces which
carries a low concentration of oxygen. Studies have shown that constructed wet-
land with similar conditions like Yala Swamp can reduce the concentrations of
suspended solids, BOD, nitrogen, phosphorus and coliform bacteria often by
98% [38]. In the dry season there was a drastic drop in the BOD levels from Yala
Swamp (station C, 5.34 + 0.09 Mg/1) to the exit of Yala Swamp to Lake Sare (sta-
tion D, 4.29 + 0.1 Mg/l). This could be because the accumulated wastes within
the papyrus reeds encourage high microbial activities to take place. These activi-

ties break down pollutants from Dominion Farms and organic substances

Table 2. The levels of biological oxygen demand, TSS and TDS determined in water in the selected sites in the River Yala wetland

during the wet and dry seasons.

TDS (Mg/l) TSS (Mg/l) BOD (Mg/1)
Sites
Dry Wet Dry Wet Dry Wet
Station A 56.4 + 1.05¢ 55.25 + 1.68¢ 0.71 £ 0.10° 8.07 +2.61° 5.49 + 0.15*8 3.37 £ 0.764
Station B 75.69 + 3.418 199.96 + 26.13% 2.86 +0.18* 95.5 + 5.0* 5.56 + 0.09* 2.03 +0.848
Station C 273.33 + 8.96% 273.83 £ 8.914 1.21 £ 0.07¢ 12.23 £ 1.94¢ 5.34 £ 0.09% 2.08 £0.178
Station D 59.18 + 3.11¢ 67.37 £ 1.71¢ 1.98 £ 0.048 20.86 + 2.358 4.29 £ 0.10¢ 2.63 £ 0.5448
Station E 56.09 + 0.32¢ 67.39 + 1.50¢ 0.53 + 0.09% 2.47 + 0.35F 5.57 +0.12% 2.58 + 0.6948
Station F 56.07 + 0.33€ 67.88 + 0.51¢ 1.05 £ 0.18¢ 1.39 £ 0.178 5.37 £ 0.04® 2.63 + 0.5448
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which utilize most of the oxygen leading to systems with high BOD to have low
dissolved oxygen concentrations. In this study the stations with high BOD values
had low DO values e.g. in the exit of River Yala from Dominion farms (station
B) and Yala swamp (station C) in the dry season had DO values of (4.2 Mg/l and
3.1 Mg/1) and high BOD values of (5.56 Mg/l and 5.34 Mg/1 respectively). Rec-
ommended standard by WHO for BOD should be 1 to 2 Mg/l [38]. This shows
that all the stations in this study area did not meet the right BOD standards.

The high levels of BOD in the dry season could be explained by [23], who
noted that nutrient enrichment in streams and Rivers as a result of land use
change accelerates litter breakdown rates by bacteria and fungi which eventually
increases the BOD levels. Most of these activities like land preparation, planting,
and addition of fertilizers take place in the dry season in this study area which

justifies the findings of this study.

3.7. Total Suspended Solids

The values of TSS varied among the sampling sites (one-Way ANOVA, F (523 =
542.901, P < 0.0001). The highest mean TSS value 49.18 + 2.58 Mg/l was record-
ed at the exit of River Yala from Dominion farms (station B) and the least value
1.20 + 0.09 Mg/l recorded at the exit of Lake Sare to Lake Victoria (station F).
DMRT further established that the mean TSS level in station B was significantly
different from any other station.

The high TSS levels in River Yala after leaving Dominion farms (station B)
could be because of the many activities like farming and pollutants introduced
into the waters as River flows in Dominion Farms which include materials like
fertilizers, herbicides, fish feeds or runoff of loose soils from cultivated lands. As
reported by [27], high TSS can result in high sediment supply, discoloration and
unclear water appearance. This is exactly how the waters at the exit of River Yala
from Dominion farms (station B) appeared. These materials then move to the
papyrus reeds (Station C), where they settle and some are broken down by bac-
teria such that by the time the water gets to Lake Sare (station E) the TSS level is
very low.

The high TSS levels could also be caused by coagulation of pollutants and
chemicals from Dominion Farms due to chemical reactions. According to [39],
Physical and chemical parameters of water may be affected downstream by aq-
uatic plants that may be found in the wetland since they help help in removing
inorganic chemicals and suspended solids from surface stream waters through
absorption by plants within and natural filtration. This could also explain the
reduction in the TSS levels from station C to D, E and F. The high TSS levels
within the papyrus plants in stations C and D (6.87 £ 7.99 Mg/land 11.21 %
13.05 Mg/l respectively) could be because the pollutants and other materials are
trapped within the roots of the papyrus plants which increase their levels due to
accumulation. Afterwards the TSS levels reduce drastically in station E and F
(1.52 + 1.37 Mg/land 1.20 + 0.29 Mg/l respectively) which is attributed to the
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papyrus reeds. The slow motion of the water also encourages settling of sedi-
ments which further reduce TSS. The mass of water at stations E and F is also
big which can also reduce TSS values by dilution effect. There were no signifi-
cant differences in TSS levels in the two seasons (Students T-test P = 0.17422).

In the study the values of TSS were higher in the wet season than in the dry
season. This could be because in the dry season there is a lot of sedimentation as
the materials settle while in the wet season other natural processes like erosion,
wind and flooding occur which spread the materials as a natural part of the en-
vironment as reported by [40], The role of the papyrus in reducing the levels of
TSS is quite evident from the results as the levels reduce drastically as the waters
pass through the swamp since the materials are trapped by the papyrus roots,
some are utilized by the reeds and some just settle. Eventually the water that
leaves the reeds is clearer with very low TSS. Studies by [9], at Chemelil con-
structed wetland in Kisumu and splash constructed wetland in Nairobi revealed
drastic reduction in TSS levels Ze. from 1.10 Mg/l to 0.04 Mg/l and from 195.4
Mg/l to 4.7 Mg/l respectively. This also applies to this study whereby in both
seasons the level of T'SS drops as the waters pass through the papyrus plants.

3.8. Total Dissolved Solids

The TDS values varied between the sampling sites (one-Way ANOVA, F 541 =
1589.277, P < 0.0001). The highest mean value 273.58 + 0.36 Mg/l was recorded
at Yala Swamp (station C) and the lowest value 55.83 + 0.81 Mg/l recorded at the
entry of River Yala to Dominion farms (station A). Duncan Multiple Range Test
further established that mean TDS value in station C was significantly different
from any other station in the study area. TDS is a measure of the presence of
dissolved salts. In this study the highest levels were recorded in Yala Swamp
(station C). The high levels of TDS especially at station C could be because most
of the pollutants introduced in River Yala from Dominion farms have been bro-
ken down by bacteria into a dissolved state increasing amount of ions in water
and also accumulated in the swamp. Most of these dissolved pollutants are ab-
sorbed and utilized by the papyrus reeds which leads to a reduction in the levels
as the water moves to Lake Sare as indicated in Table 2. According to [28], the
occurrence of low TDS, could be ascribed to the provision of adequate vegeta-
tion cover around the farms that reduces the soil erosion within these sub-
catchments. This is consistent with the findings of this study especially in station
D that is occupied by numerous papyrus plants.

A study by [41], in Nyaruzinga wetland Uganda had TDS values ranging from
40.98 to 545.63 Mg/l. These results are higher than the findings of this study and
could be because there are more agricultural activities in the wetland than in
Yala Swamp. There were no significant differences in TSS levels in the two sea-
sons (Students T-test P = 0.1875). In this study the values of TDS are higher in
the wet season than in the dry season probably because a lot of agricultural ac-

tivities takes place in the wet season including addition of fertilizers, use of her-
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bicides to control weeds, use of lime to correct acidity and even the washing
away of fish feeds by excess rain water. According to [42], non-point sources
such as nutrients, pesticides, heavy metals and sediments are transported from
land by atmospheric, surface water and ground water pathways. Such chemicals
and organic materials could increase the TDS levels.

The low TDS recorded afterwards (in stations D, E and F) (Table 2), could be
due to settling of silt and dissolved salts as reported by [43], that the settling of
silt and dissolved salts in water bodies tend to lower TDS levels. Similarly, accord-
ing to [44], to high levels of TDS are generally recorded in effluent discharge
points and reduce downstream probably due to the Rivers self-cleansing capacity.

The wet season had high TDS values compared to the dry season in all the sta-
tions (Table 2). This could be because according to [45], in the wet season TDS
increase due to runoffs from sediments and catchment watersheds that occurs
when it rains. In both seasons the TDS levels are highest at station C (Yala
Swamp). This could be because the water in station C comes from station B
which contains a lot of wastes, contaminants and agro chemicals from Domi-
nion Farms. According to [46], elevated levels of TDS can be closely linked to
the industrial effluent from the factories and agrochemicals.

The levels later reduce as the water pass through the papyrus reeds in station
D and the reducing trend goes on until it is least at stations E and F (Table 2).
This could be because some of the dissolved solids are utilized by the papyrus
plants. It can also be attributed to dilution effect. In the study, TDS values of the
water were below the WHO and KEBS maximum allowable limits of 1000 mg-L™!
and 1500 mg-L™' respectively with a mean of 96.126 mg-L™" for dry season and
121.946 mg-L! thus safe for drinking. [46].

3.9. Nutrients

3.9.1. Seasonal Variation of Nitrate Levels in Water and Sediments
Data obtained from analysis of nitrate values in water and sediments in the dry
and wet season are represented in Table 3 below.

Nitrate levels in water did not show any significant variation during the wet
season across the different stations (one-Way ANOVA, F s 23 = 2.01, P = 0.1264.
The highest value 2.2 + 0.1 Mg/l was recorded at the entry of River Yala to Do-
minion farms (station A) and lowest valuel.90 + 0.2 Mg/l recorded at the exit of
Yala swamp to Lake Sare (station D) and at the entry point of Lake Sare to Lake
Victoria (station F).

The nitrate levels varied in the dry season across the different stations
(one-Way ANOVA, Fs23 = 335.0, P < 0.0001). Nitrate values in water in the dry
season were much lower than those recorded in the wet season with the highest
mean 1.8 + 0.02 Mg/l recorded at Lake Sare (station E) and the lowest value 1.4
+ 0.01 Mg/l recorded at Yala Swamp (station C) (Table 3). DMRT further estab-
lished that there were significant differences in mean Nitrate values in water
between all the stations in the dry and wet seasons except between station E in

the dry season and E in the wet season (Table 3). There were significant
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Table 3. Seasonal variation of phosphate levels in water and sediments in the River Yala
Wetland.

Nitrates in water (mg/1) Nitrates in sediments (mg/1)
Sampling sites

Dry season Wet season Dry season Wet season

A 1.6 +0.01° 2.2 +0.14 1.4 +0.1° 1.4 + 048

B 1.6 + 0.018 2.1 £0.02% 1.5+ 0.34 2.01 +£0.14

C 1.4 +0.01¢ 2.1+0.14 1.3+0.28 2.04 +0.14

D 1.4 £0.02¢ 1.9+0.24 1.1+0.18 2.2+0.54

E 1.8 £ 0.02% 2.1+024 1.6 £ 0.14 1.7 £ 0.28

F 1.4 +0.03¢ 1.9+0.24 1.1+0.18 2.0 +0.044

Mean 1.5+ 0.02 2.1+0.2 1.3+0.15 1.89 £ 0.22

*Means with different superscripts in the same column are significantly different at P <
0.05 (Data analyzed by Duncan’s Multiple Range Test). Note: A = Entry of River Yala to
Dominion farms, B = River Yala as it leaves Dominion farms, C = within papyrus reeds,
D = Exit of Yala Swamp to Lake Sare, E = middle of Lake Sare, F = Entry point of Lake
Sare to Lake Victoria.

differences in the level nitrates in sediments in the two seasons. (Students t-test,
P =0.000249).

Nitrate levels in sediments varied across different stations in the wet season
(one-Way ANOVA, Fs,3) = 8.44, P = 0.0003). The exit of Yala Swamp to Lake
Sare (station D) recorded the highest value of nitrates in sediments (2.20 + 0.5
Mg/1) while the entrance of River Yala to Dominion farms (station A) recorded
the lowest nitrate value in sediments (1.40 £ 0.40 Mg/1). In the dry season the
nitrate values in sediments also varied (one-Way ANOVA, F,5 = 13.24, P <
0.0001). The highest mean value recorded for nitrates in sediments 1.60 = 0.1
Mg/l was at Lake Sare (station E) while the lowest value recorded 1.1 + 0.10 Mg/l
was at the exit of Yala Swamp to Lake Sare (station D) and at the entry of lake
Sare to Lake Victoria (Station F) (Table 3). DMRT established that there was a
significant difference in mean nitrate values in sediments between stations A in
the dry season and station A in the wet season. This was similar to station B in
the dry season and station B in the wet season. However, there was no significant
difference in mean nitrate levels between the remaining stations in the dry and
wet season. There were significant differences in the level nitrates in sediments
in the two seasons. (Students t-test, P = 0.02498).

From the study the levels of Nitrates in water were higher in the wet season
than in the dry season. This could be because most agricultural activities take
place in the catchment area during the wet season like planting, addition of ferti-
lizers or herbicides, liming among others, which increase the level of nitrates in
the runoff. In the dry season such activities are less and the station within the
papyrus reeds (station C) had the least Nitrate levels (1.4 + 0.01 Mg/l) since the

papyrus reeds and other plants utilize most of the nitrates in the waters to make

DOI: 10.4236/jbpc.2024.151001

17 Journal of Biophysical Chemistry


https://doi.org/10.4236/jbpc.2024.151001

V. A. Orodo et al.

proteins.

According to [47], seasonality in the concentration of nutrients, particularly in
agricultural areas is common with peaks being recorded during high flow pe-
riods. This explains the high levels of nitrates in water in the wet season. High
flows usually occur when fields lack vegetation cover and nitrate-nitrogen for
instance gets easily leached from the soil. Inorganic nitrogen forms are subject to
biological transformations that increase with increasing temperature [48]. Sea-
sonality in nutrient levels can be attributed to the deposition in the sediments
during low flow periods and resuspension and transportation during high flow
periods. This explains the low nitrate levels in sediments during the dry season
and high levels during the wet season.

According to [49], nitrogen in wetlands can also be removed by nutrient up-
take of plants. The plants uptake nitrogen in the form of ammonium or nitrate,
which is then stored in the plant in the organic form. This explains why in the
dry season both in water and sediments the levels of nitrates reduced signifi-
cantly in the waters within the papyrus reeds in stations C and D then afterwards
the levels increase in station E that lacks the papyrus reed (Table 3). The levels
thereafter again increase in station F that is also surrounded by papyrus reeds
depicting that the reeds use up the nitrates for their growth and development. In
the wet season the trend is similar in water but not in sediments could be be-
cause during such seasons the high volume of water may transport nutrients
from other areas due to run off and settle in sediments leading to the higher le-
vels recorded.

According to [50], and [51], wetlands have been demonstrated to be an effec-
tive means to attenuate nitrogen derived from diffuse water pollution by plant
and periphyton uptake and microbial denitrification. From studies papyrus
seems to promote greater nitrogen removal efficiencies through nitrification and
denitrification rates of bacterial associated with its roots as reported by [49]. Op-
timum pH range for denitrification is reported to be between 7.0 and 8.5 [52],
and it is highly temperature dependent with reaction rates significantly reduced
at temperatures below 5°C. In this study the pH values range between 7.3 to 8.1
and temperatures range between 23.60°C to 29.05°C which justifies the fact that
denitrification is taking place.

In some wetlands, studies have shown that denitrification is the dominant ni-
trate removal mechanism [51], and [48]. However, microbial activity, which
controls denitrification rates, can be reduced at low temperatures [53]. This is
consistent with the findings of this study where the levels of nitrates are higher
in the wet season than the dry season both in water and sediments since as ex-
plained denitrification rates are low at low temperatures and so more nitrates
become available. Similarly, according to [51], in line with these seasonal differ-
ences in wetlands, nitrogen removal performance are widely reported with re-
duced rates measured at colder temperatures.

The high levels of nitrates in the rainy season in water is in agreement with

[54], who concluded that nitrates are usually built up during dry seasons then
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the initial rains flush out deposited nitrate from near surface soils and nitrate
level reduces drastically in sediments and increases in water as rainy season

progresses.

3.9.2. Phosphates in Water and Sediments
Data obtained from analysis of phosphate values in water and sediments in the
dry and wet season are represented in Table 4 below.

There were significant differences in mean phosphate levels in water in the
various stations in the dry season (one-Way ANOVA, Fs,3 = 71.57, P < 0.0001).
In the wet season there were no significant variation in mean phosphate values
in water across the different stations (one-Way ANOVA, Fo;) = 2.32, P =
0.0855). DMRT also established that there were significant differences in mean
phosphate values between the stations in the dry season and in the wet season
except between station B in the dry and B in the wet season and between station
D in the dry and wet season (Table 4). There were no significant differences in
phosphate levels in water in both seasons (Students t-test, P = 0.1772).

In sediments, Phosphate levels varied significantly across stations in the wet
season (one-Way ANOVA, Fo3) = 5.11, P < 0.0043). In the dry season the values
also varied significantly (one-Way ANOVA, Fs,3 = 164.06, P < 0.0001). DMRT
established that there were significant differences in mean phosphate value be-
tween the stations in the dry and wet season except between station A in the dry
and wet season and station F in the dry and wet season (Table 4). There were
also no significant differences in phosphate levels in water in both seasons (Stu-
dents t-test, P = 0.60674).

According to [55], the sufficient supply of oxygen in favor of oxidation of
elements in water e.g. Fe, Mn etc. enhances their absorption at sediment water

Table 4. Seasonal variation of phosphate levels in water and sediments in the River Yala
wetland.

Phosphates in water (Mg/l)  Phosphates in sediments (Mg/1)

Sampling sites

Dry season Wet season Dry season Wet season
A 0.10 £ 0.01¢ 0.1£0.034 0.09 + 0.018 0.1+0.038
B 0.58 £ 0.10* 0.1 £0.034 0.05 + 0.02¢ 0.2+£0.134
C 0.04 £ 0.01° 0.04 £ 0.0148 0.03 £ 0.01¢P 0.04 £ 0.018
D 0.29 + 0.013 0.03 £ 0.028 0.27 £ 0.02* 0.04 + 0.018
E 0.02 £ 0.01° 0.02 £ 0.0018 0.02 £ 0.01° 0.02 £ 0.01#
F 0.01 £ 0.01° 0.02 £ 0.0028 0.09 + 0.018 0.03 + 0.0148
Mean 0.17 £ 0.01 0.05+0.01 0.09 £ 0.01 0.07 +0.03

*Means with different superscripts in the same column are significantly different at P <
0.05. (Data analyzed by Duncan’s Multiple Range Test). Note: A = Entry of River Yala to
Dominion farms, B = River Yala as it leaves Dominion farms, C = within papyrus reeds,
D = Exit of Yala Swamp to Lake Sare, E = middle of Lake Sare, F = Entry point of Lake
Sare to Lake Victoria
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interphase and finally retards the release of phosphates to overlaying water. This
explains the low mean phosphate levels especially in the wet seasons (Table 4)
since the swamp is well oxygenated especially during this season with DO le-
vels ranging from 3.10 to 6.09 Mg/l. During the dry season the mean levels of
phosphates in sediments are higher than during the wet season as indicated in
Table 4.

This is so because according to [56], the largest contribution of nutrients
emanates from River flow and run-off, which constitute more than 50% with
atmospheric contribution making 40%. This means that direct land activities
mainly farming which mostly takes place in the dry season is responsible for
high nutrient load which includes phosphates into the lake. Most run off take
place during the rainy season and most papyrus reeds which create a buffering
capacity have been destroyed in Yala Swamp to give room for farming.

In this study levels are quite low could be because of the presence of papyrus
reeds that reduce their levels after utilizing them. This is evident as the levels
reduce from the exit of River Yala from Dominion farms (station B) to the exit
of Lake Sare to Lake Victoria (station F) especially in the dry season.

Phosphates also exist as orthophosphates and research has shown that the
transport of Phosphates from agricultural fields occurs primarily via surface flow
when the water flowing across the soil surface either dissolves and transports
soluble Phosphorus or erodes and transports particulate Phosphorus [57]. This
explains the higher levels of phosphates in water than in sediments in both sea-
sons. In this study seasons did not affect the levels of phosphates in water and
sediments (Students t-test, P = 0.177234 and P = 0.60674 respectively). Some
large values presented in this table could probably be due to random error dur-
ing collection of data but the judgment made conserving the results have this

consideration in mind.

4. Conclusion

The papyrus plants showed the capacity of adsorbing and absorbing pollutants
as evident from the reduction of levels physicochemical parameters nutrients
from station B believed to be the source of pollutants through stations C and D
dominated by papyrus plants and finally reduce to standard levels in station E
and F. For this reason, it is important that they are conserved. Seasons also
played a role on the levels of parameters in water. They were generally high in
the dry season with a few exceptions like Nitrates which were higher in the wet
season in both water and sediments. This probably is due to the high solubility
levels of nitrates. A further study can be done on other parameters like chlorides,
sulphates and other nutrients to find out their levels and assist in emphasizing

the role of papyrus plants in adsorbing them.
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