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ABSTRACT

~ Riverine land uses are among factors that influence water quality. Fresh water quality is
dechning and consequently impacting on the ecological health of the ecosystem Within the
- Mara River Basin as a result of population increase over the years, deforestations has increased
to create room for human settlement, agricultural activities, urbanization and industrial
~ development. These activities have the potential to cause decline in water quality, however the
~ effects of these activities on water quality in the Mara River Basin is very uncertain. The purpose
of this study was to assess how land uisés along the Mara River watershed impact on the water
guality parameters and heavy metals levels m the river sediments, and concentration registered
- compared with acceptable standards limits as set by the National Environment Management
- Authority-Kenya (NEMA) and the World Health Organization (WHO) using documented
. standard methods of analysis Water and sedmment samples were collected mn triphcates at 8
' different sites based on distinct land use practices along the Mara River. A spring within the Mau
- Forest-Ainabsabet spring was used as the control 1 site (C1),while a stream of water emanating
- from a forested land and draining into the main river after the mine site was used as control 2 to
establish changes in water quality due to land use downstream the main river. The water pH,
. dissolved oxygen, electrical conductivity, water turbidity, water temperature all regsistered a

significant increase from the control site at a confidence limit of p < 0.05,other than the
concentrations of dissolved oxygen and turbidity at site 10 ( Kirumi wetland). The landuses
along the river did alter the concentration of these physichochemical parameters ,however they
fell within acceptable standard bmits of both NEMA and WHO. Other than ammonium nitrogen
concentrations, all the nutrient concentration of silicates, nitrates, nitrites, soluble reactive
phosphorous, total nitrogen and total phosphorous at Emarti site,Ngerende 1,Ngerende 2,
Oldmara Bridge New Mara bridge had a significant increase from the control site-Ainabsabet
spring. At site 10-Kirumi wetland, all the nutrients other than silicates concentrations exhibited a
significant reduction from the control site, and all fell within acceptable standard limits of
NEMA, 2006 and WHO, 2011 for surface domestic water. All the heavy metals concentration
registered significant increases from the control site, with concentrations such as Lead 49.80 +
0.20pg/1,Chromium 82.26 + 1.44pg/l and Tron 41.00 = Img/l after the mine site-site 8,
registering concentration above the WHO, 2008 standard limits for surface domestic water of 10
ug/l for Lead, 50 pg/l for Chromium and 0.3 mg/l for Iron. The results suggest that land uses
along the Mara River are contributing to the nutrient and heavy metal loading of the river,
bowever most parameters other than exhibiting significant increasc from the control site are
within acceptable standard limits for both NEMA 2006 and WHO 2011. As long as the land uses
along the Mara River are sustained at their current levels,they don’t pose a risk of polluting Lake
Victoria. The wetland in Kirumi aided i reduction of most contaminanis and should be well
protected and conserved to ensure that the Mara River does not become a future reservoir for
poliuting the I ake Victoria waters.
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d
quality is declining (Johnson er al, 2001).Lake Victoria and its basin have

normous ecological changes with pollution levels from terrestrial ,point source and
sources continuing to ’degrade its water quality (World Agroforestry Center,
Mara River Basin is one of the river basins within the Lake Victoria catchment and is
tween Kenya (65%) and Tanzania (35%) (LVBC & WWF-ESARPO, 2010a).
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1: Map of the Mara River Basin (http://nowater-nolife.org/watersheds/Mara/Map .Accessed
on 25th June 2013.)
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The Mara River originates from the Mau Forest with high rainfall (above 1400 mm/year) in the
uth West Mau Escarpment in Kenya and descends in altitude from about 3000 m to below
D00 m, criss-crossing Narok, Trans Mara, then through the Mosirori Swamp in the North-
ern part of Tanzania and finally into Lake Victoria. The 395 km long Mara River has for a

long time been considered one of the pristine rivers draining into Lake Victoria, forming part of
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ament of the River Nile basin. Its main perennial tributaries are the Amala and the
Engare Engito and the Sand River (Abulude ef al, 2007). The Mara River Basin
ally un inhabited, however due to population increase, large tracks of forest lands have
and turned into settlements Consequently.this river basin i1s now characterized by
 open forests, tea plantations in the upper slopes of the Mau Escarpment, agricultural
; lands and grasslands used for livestock and game grazing or game reserves,
grasslands which comprise shrub grasslands and wetlands (Mango et al, 2010).
? these within the Nyando,Yala,and Sondu-miriu river basins have resulted in decline
P Water quality (World Agroforestry Center, 2006) However the influence of these
on the Mara River water quality is very speculative and generally unknown.and
e parameters are within acceptable standard limts as reflected in tables 2 and 3 is not
The physicochemical parameters ie; pH temperature dissolved oxygen,turbidity,total
sohids{(TSS), total dissolved solids (TDS) and clecirical conductivity (EC) are
ts in evaluating water gualhity (APHA,1980). Adverse changes in these parameters can
seripus threats to an ecosystem {(Dallas &Day, 2004), thus making their evaluation in
quality mandatory.

are crucial for survival of the people as well as animals including wildlife (Aboud ef al.,
, with the Mara River not being an exception. Over half the households in the Mara River
@ymksmfardamstk:andﬁvesmckneeds(ﬁhnndetag 2002). Large scale farms
the Mara River Basin are irrigated via water extractions from the Mara River while small
ms are rain fed with subsequent overflow in to the river. This river also provides critical
nnel and riparian habitats to a host of animals such as the hippopotamus, crocodiles, fish
ous types of snakes and frogs, with the Mara-Serengeti ecosystem contaming the most
e combination of grazing mammals in the world, holding 400,000 wildlife and livestock
d et al, 2002} However the influence of these activities on the water quality in the Mara

is not known.

dominant social economic activity for the majority of the populations within the Mara River

in is crop farming, with 62% of the households being smallholder farmers (Aboud ef al,

12). The agricultural farms are mostly bordering the river banks, and runoff water from these
2




i nutrients, metals and sediments loading into the Mara River, however the
pricultural activities and their influence on the Mara River water quality has not

in the Mara River Basin suggest that the best approach to conservation of
is through conservation of plant and animal species, and through conservation of
{&Ym&m-ﬁmmi%}ﬁmybymﬁm Water for Sustainahle
t within the Mara River Basin in 2005 highlighted that the pattern in water quality
2 River varied as a function of position along the river (WQBAR, 2007). During
ity baseline assessment of the Mara River in May 2005, nutrient concentrations
n the agricultural sectors of the basin. However the concentrations of the nutrients
existing WHO standard limits, but above natural levels and capable of causing
on {WQBAR, 2007). Once there has been increase in population, demand for land
re and human settlement. However, the effect of increased land uses on the water
in the Mara River is not being quantified.

traction along the Mara River has continued to increase to sustain the growing urban
ed agriculture, tourism facilities and mining industries {L VBC & WWF-ESARPQO,
The abstraction levels are usually Eighes& during the dry seasons (GOK, 2002). The
f this ahstracted water back into the river could lead to water pollution. There has heen

uation of the effects of these water uses on the water quality in the Mara River.

a River flows through the Maasai Mara National Reserve which is of great economic
e. The effect of the game reserve on the Mara River water quality remains unknown.
there arc mmmmg activitics and mdustrics along the Mara River with the potential to
te the ‘river water, such as the North Mara Gold Mine in Tarime region in the north
part of Tanzania {(InfoMine Inc, 2012). There have been reports that untreated wastes are
arged from these industries into néarby water sources (Bitala, 2008). For example in May
| accidental spill occurred from the North Mara Mines {(Almas of ol | 2009). A study that
ed the spill assessed the concentration of heavy metals and cyanide in water, soil and
ts surrpunding this mine. In some places, levels of the heavy metals were higher than




ble by the WHO, USEPA and Tanzania Government Standards (Bitala, 2008),
~up of this study is lacking.

. National Environment Management Authority (NEMA)-permissible

Domestic water

Surface water

}6.5-85 6.5-8.5

| Neo set guideline 5.0-9.0

| Above 6 mg/l Above 6 mg/l
30 mg/l 30 mg/l
1200 mg/l 1200 mg/l
No set guideline 400pS/cm
Below 1O0NTU 300NTU
10 mg/l 10 mg/l

(0.5 mgn 0.5 mg/l

I3 mg/1 3 mg/l
0.05 mg/1 0.01
0.05mg/1 0.1
0.01 mg/L 0.01

its | 0.01 mg/l 0.1mg/1

0.05 mg/L 1 mg/l
0.05 mg/1 0.05 mg/1
1.5 mg/l 1.5mg/1
0.3 mg/1 10 mg/1




World Health Organization (WHO)-permissible quality standard limits
and surface water

Domestic water Surface water
Below 8.0 6.5-9.2
No set guideline 5.0-9.0
No set guide Above 6 mg/l
5 mg/L 30 mg/l
olved Solids 500 mg/1 1200 mg/1
conductivity) | No set guideline 400uS/cm
10NTU 300NTU
3 mg/l 10 mg/1
cal- N (NH™") No set guideline Below 0.2 mg/1
0.05 mg/l 0.05-0.01mg/1 ;
0.01 0.1
No set guide 10 mg/1
No set guide 10 mg/l
d its compounds 0.01 0.1

0.003 mg/1 0.01

and its | 0.003 mg/l 0.1mg/1
2 mg/1 10 mg/1
0.05mg/1 0.05mg/1
3 mg/l 5 mg/l
Below 0.3mg/1 10 mg/1
No set guidé 100 mg/l.

HO, 1984; WHO, 1996; WHO, 2004; WHO, 2011)
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an impertant component of aguatic ecosystems, providing habitats to a wide
and epi-benthic organisms (Adeyemo ef g/, 2008). Heavy metals contamination
ts water quality, resulting in potential long term implication on human health
crnandes et al_, 2007). The spatial distribution of heavy metals in sediments is a
n determining the pollution history of aquatic systems (Birch ef al., 2001) and
on for identifying the possible sources of contamination (Sollito et al., 2010).
ysis along the Mara River with the aim of identifying the possible sources of
lamination in the Mara River is very obscure.

it of the Problem

farming, buman scttlement, mining activities, deforestation, livestock grazing
r anthropogenic activities, are increasing within the Mara River Basin, due to
ressure. These activities may be impacting the water quality in Mara River through
aminants such as nutrients, heavy metals loads and sediments, leading to the

in its watershed. There is need to continuously monitor the effect of these land
ns on the water gquality and the river sediments in the Mara River to enable
of land use policies that protect the quality of | water in Mara River and
Lake Victoria.

mned at assessing the effects of some land use practices along the Mara River on its
y parameters such as the physico-chemical parameters, water nutrients loads and the



dissolved-oxygen, turbidity, total suspended solids, total dissolved solids, and
conductivity concentrations.

s the effects of land use along the Mara River on water nutrient loads of nitrate
nitrogen (NH;"), total nitrogen (TN), soluble reactive

and uses along the Mara River do not have effects on ifs water physicochemical
pH, temperature, dissolved-oxygen, turbidity, total suspended solids, total dissolved
water electrical conductivity concentrations.

land uses along the Mara River do not have effects on its water nutrient loads of NH,",

, TN, SRP, TP and silicates concentrations.

land uses along the Mara River do not have effects on its water and sediments heavy
neentration chr, Zn, Cu Fe, Cd, and Pb.

ification
St wx},}help in the decision on whether the present land use activities are negatively

on the water quality of the Mara River, and to formulate policies to mitigate the
nation of the Mara River and by extension Lake Victoria.



2 of the Study

an update water quality monitoring process of the Mara River. The result shall
elop policies for the mitigation of water pollution and sustaining aquatic life forms
- and Lake Victoria.

tations

es of interest for sample collection were inaccessible due to the terrain and safety
to presence of wildlife. \



hin their catchments. Analysis of the changes in river water gquality ofien reveals the
erent activities taking place within a river basin (Hawkins ef al, 1993). Variation
d land use can translate to differences in lake water quality (Fraterrigo &
008). In the Boeuf Basin, Los Angeles, United States of America, urban and
pral developments were the two leading causes of poor water quality (LeBlanc, 2008). In
tilla-La Mancha Region in Spain, there was significant strong relationship between
s and urban forested and dry agricultural land uses (Kroll er o/, 2009). A survey on water
es in Virginia, suggested agriculture and urban land use activities as the influx sources of
[ loads into the surface water sources (Jones & Holmes, 1985). These activities also
.__-?27 the receiving waters through increased loads of sediments, pathogens and pesticides
et al., 1985), with the concentration of Metalachlor (a herbicide used in the control of
j nd grass in the croplands) in community water supply wells near surface aquifers directly
to the amount of agricultural land within a half —mile radius of the wells (LISGS, 1999).

'45 ood River higher nutrients concentrations were at sites where agricultural land use

nated and sewage discharges were relcased (Holme, 2004). Runoff water from agriculmural-
éms causes pollution to the adjacent semi-natural and natural terrestrial or aguatic
ms (Tsiouris et al, 2001). Developed countries have had major problems of water
n from agriculture and trends indicate that intensified farming systems and agrochemical
sumption are being extended in emerging economies (FAO, 1994).

face water polhution is one of the serious environmental problems in many rivers in South
ica due to land use practices (Nkwonta & Ochieng, 2009). Nyabugogo River in Rwanda is
ly contaminated with high nutrient, suspended solids and heavy metal pollution, as a result
an seftlement, urbanization and industrialization (Nhapi ez al., 2011).




land use changes caused by rapid urbanization and clearance of forests te
pbingi ef al, 2009). Deforestation and cultivation cause an increase in water
conductivity, total sespended solids total dissolved solids and turhadity (Kohingi of
of the major sediment contributors in the Kenyan portion of Lake Victoria Basin
Rrver (Ndwallah & Nyangaga 2007) High sedimestation in Rivers; Nyando,
u and Yala have been attributed to increased destruction of forest to create room for
pert {Abdalla & Jsmait 2068} Agricultural land use was 2 mmjor factor
to changes in its water quality within the Nyando River Basin (Gathenya ef al,
phosphates and nitrates in the water along the agricultural zones (Twesigye ef al,,
vy metals (Omwoma ef al, 2010). Repeated application of fertilizer is known to
y metais m the sod (Mortvedt, 1995} Thns forrihirer applications v farms are a
source of heavy metal pollution in neighbouring surface and ground water (Omwoma ef

e main anthropogenic sources of heavy metals contamination are mining industries
et gf | 2681} Mmmg is 2 magpr coomomic activity it many developing countries
997). The mining operations, whether small scale or large scale, are inherently
on the enviromment for decades (Tamli-Carpuz, 1997). The gold mines produce
2008). Acid drainage is a legacy of past as well as current mining operations, particularly
piphide minecals are presest {Ogola of of | 2801} Once sulfuric acid is released, # gives
g acidic property, which eventually breaks the minerals to release the heavy metals.
s earrind in Braiimani River aiong the tribetarics of Angnt Faicher rginn, inghlightod the
e of heavy metals concentrations in water sampiés which were attributed to the
Gold mining in Migori District in Kenya invelves both open and underground operations.
m the arez has deft bebind dredged ont and contaminated streams {Ogola of of | 28081}
B
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conditions, the process of acid drainage is rather slow, but once mining takes
s is accelerated due to cxposure of the minerals to oxygen and weater {Taylor,

he Mara River water quality is due to the enormous impertance of its water to the
) . wide sumber of hiodiversity within @ts watershed The Mara River had for 2 long
isidered one of the more pristine rivers draining into the Lake Victoria, which forms
part of the Nilc Basin (Mati ef 2| 2065} has long been susperted that deforestation
B conversion is  manifested by declining water quality (World Agreforestry
0 ef al, 2010). The forests and savannah grasslands have been cleared and turned to
Afmmchmﬂm &wmﬁmin:h:himﬁmmm.&:ﬁw Tea Zones
ef al., 2001). By 2010 the riverine land uses included large scale agriculture, /fm‘estry,
n arcas and miming activities {Mango of af,
. These activities are fikely to have changed the environmental quality of the adjacent
water pollution in the Mara River. However, the effects of these land conversion
on the water quatity in the Mara River have not been cvaluated.

lural Activities along the Mara River Basin
n popuistion in the Mara River Basin is estimated to be growing at an anoual rate of
ar 3% and has been accompanied by greater than 50% increase in ag;‘ieukural fand at the
of the basm forests and grasstands (I VBC & WWF ESARPO, 28i6a) Since the carly
s, the land surrounding the Maasai Mara National Reserve has been steadily converted into
prat fand with lsrge scale wheat farming being a2 major part of it Between 1975 and
heat farming in the Loita Plains in the lower Mara River Basin increased by 44,000
 {Sermecis er of | 2681} Sunflower and wheat are grown aronnd Olchore Orogwa Ranch
Emarti markets on the lefl bank of the Mara River, while around Emarti market on the

maize (Mwichabe, 1986). Around the Maasai Mara National Reserve and Ngore Ngore
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prs; weeding is by spraying of herbicides. The farmers use improved seeds and
he, 1986} Herbicides apphed to crops cventually enter surface and ground
e of these herbicides enter the food chain, accumulate up the food chain and can
pc toxic to organmisms {WQBAR, 2007) Agricoltoral activitics are among the
cited sources for degradation and pellution of aquatic systems (Griffith ef al
agreculture i3 thus a potentist threat to water goatity,. However, the effects of

ara River watershed, the agrochemicals input and topseil from agricuimrél lands
by the loss of riparian vegetation (LVBC & WWF ESARPO, 2010b). Once the
Bk i in the Mora River deprading on i physicochemirsl composition, i may
er physicochemical characteristics. The effects of these agricultural-ecosystems on
bty in the Mara have not been evaluated (

i Mara National Reserve

a1 Mara Natiomal Reserve was cstablished mn 1961 to protect wildbfe fom bunters
, 1966). The lower reaches of the Mara River in Kenya pass through Maasai Mara
ai Reserye. Homan popuiation is hmited and clustered around hotels and lodges (L VBC-
ARPQO, 2010a). A number of environmental impacts can be associated with the
er, litter from catering, accommedation and other tourist installation facilities within
eserve, which may cventually find s way mto the Mara River. Both hvestock and game
are known to remove vegetation through grazing and habitation (Belsky ef al, 1999),
g soils 1o energy of raindrops, facilitating and increasing amounts of runoff and ability to
1ryaediltmmts (USEPA, 2000). Animal wastes inputs are a source of nutrients contamination
B} a5 mivates and phosphorous species such as soluble reactive phosphorous {McCarimey,
in aquatic systems. There is need to understand how water quality varies along the national
1o refine the understanding on the effects of the reserve in totality to the water qualty m

i2




Mining Activities along the Mara River Basin

cale gold mining in Tanzania started in 1998 The North Mara Goid Mine fails within the
3 Basin (Almas ef o/, 2009). In May 2009, a major spilf occurred from the North Mara
Almas et ol | 2009) Studics that followed to cvaiate the effect of the spill, anatyzed soil,
ais, and water within the vicinity of the mine and documented their findings as presented
1. However the follow up to these studies has been lacking even though some sites had
ated potentiaity hazardous concentrations of these trace elements

: Concentration of Trace Elements in the Vicinity of the North Mara
in the Mara River Basin in May 2009

level in mg/kg in soil | level in mg/kg in sediments | Levels in mg/l in water
~[~ND ND 0.00-224
16382 5.7-712.2 0.00-951.9
[ 11.0-63.1 (31252 | 0.5-4467.0
A 6.9-188 0.00-7.80
177252 14.6-142 [1.0-94608

table Source: - Almas ef gl 2009

'[f;af censumers (WHO, 1996., WHO, 2011).They provide a scientific point for National
s to develop reguistions and standards appropriate for the National situation (NEMA,



er Physicochemical Parameters

Sics] wmmmmmm&&emm
(03). Some of these include temperature, pH, electrical conductivity, dissoived
tssodved sodids total suspended sobids among others.

ature

 changes can be described as 2 condition that s responsibie for the transfer of heat
s {(Rongomusa, 2010).Water temperature changes affects the solubility of Ha, N3,
which play vital rodes in aquatic ecosystems {Gilioody ef af | 2002). Temperature of
r is dependent in changes on the hydrology, climate and structural attributes such as
ity and the sorrownding vegetation cover within the catchment {Appleton, 1976}
and cultivation increases water temperature {Kobingi ef al, 2009). Mean standard
ace water temperatures range between 25°C to 35 °C (NEMA | 2006; WHO, 2011),
ions outside these ranges affect aquatic life forms through influence of solubility of
mands (McCartney, 2010) . How land uses influence the water temperature in Mara
known.

indicator of the acidity, basicity or the hydrogen ions activity of a solution at a given
e (APHA, 1995). The pH of a water body can be affected by industrial effluents,
es (Deborah & Kimstach, 1996). Majority of fish populations live in a pH range of 6.3
but most of the water systems have 2 pH range of 6.7 to 8 6 The pH outside these ranges
an indication of nutritional imbalance or presence of toxic ions (Ayers & Westeot,

he varmtions m the water pH with respect o the various land use practices along the

i%




ctrical Conductivity

L T R S N G S p———
the total salts that are dissolved in water (Guy, 1996). Water pollution and
miitics of land nmoff contribuic to increascd satinity {Dcborah & Kimstach, 1996),
Moxic to Life forms causing a salinity hazard(Deborah & Kimstach, 1996)The
ity for 2 given water body is related to the concentrations of total dissolved solids and
{ Kihampa and Wenaty, 2013)previous studies within the Mara River Basin
Beresce in conductivity 10 increase in concentration of saits, organic and inorganic
I aresult of discharges by feeder streams, effluents from mining areas and runoff from
al, domestic and other human activities into the river during rainy seasons (Kihampa
2013).There is need to continuously meonitor the conductivity concentration in the
wer to keep check as per the standard limits of 480uS/cm (NEMA, 2006} for surface
g prevent the eventuai polintion of Lake Victoria

: solved Oxygen

te water oxygen levels are necessary to provide for acrobic life forms which carry on
ream purification processes (Hutchison, 1957). Healthy water should generally have
ed oxygen concentrations above 6.5 mg/l to 8 mg/l (Jones & Holmes, 1985) As DO
below 5.0 mg/1, aquatic life is put under stress. Oxygen levels that remain below 1-2
few hours can resuit in large fish kills. T.ow DO levels are generally an mdication of
s of dissolved organic matter (Chapman, 1996). Dissolved oxygen levels are also
fo reduce as 2 resulf of natural decay of organic matter such as leaves that arc washed into
ilimson ef al_, 1998). Acceptable standard limits for dissolved oxygen levels capable
mng zerobic life forms should be above 6 mg/t (NEMA, 2006; WHO, 2011) I is not
the land use practices along the Mara River centribute to the presence of organic matter
Mara River thereby impacting on the water dissolved oxygen levels and whether the
_.'r:r ion of dissolved oxygen in the Mara River are favourable for supporting aquatic life
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ity, Total Dissolved Solids & Total Suspended Solids

Primary production of aquatic organisms is reduced in turbid waters as a result of
otosynthesis due to lght scattering {Ryan, 1991). Likewise the amount of solids in
common parameters which are constantly monitored because high concentrations
ental damage to ecological systems {Sartor & Boywd 1992} The solids act as
ates for the transportation of other pollutants such as heavy metals. TSS is a
 part of physical and aesthetic degradation and a good indicator of other polhutants,
nutrients and metals that are carried on the swrface of sediments in suspension
al 1999}, wihile the TDS represent mostly morganic salts and smalt amount of
et present in water (WHQ,1996). The standard acceptable limits for : turbidity, total
solids _totat suspended solids in surface water are 306 NTLI, 1200 mg/i and 30 mg/l
(NEMA, 2006; WHO, 2011), however whether the cultivation and deforestation
ng other land use practices along the Mara River mfluence the rurbidity, TDS and
Mara River water to make their concentration hazardous to aquatic life forms has not

trients: Nitrogen and Phosphorous

are chemical compounds assimilated 1o provide bio-elements that are necessary for
owth of organisms (Dallas & Day, 2004). These bio-elements include oxygen,
nd phosphorus are most associated with ecosystem’s nutrient enrichment resulting in
e plant growth (Dallas & Day, 2004) Flevated concentrations of these nutrients in the
osystem pose threats to aqguatic organisms and enhance eutrophication (Campbell ef al,
e ncreased use of agricubtural chemical inputs, such as the NPK fertilizers majorly
the tea growing regions in the upper tributeries of the Mara River (Othieno, 1988).
ied by runoff water from agricultural lands, have contributed to wide spread
of eutrophication within ¥ ake Victoria waters {Bugenyi & Balirwa, 2003).
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r application in agricultural lands culminates in high crop yields, thus making
dication mandatory (EU, 1995). The major source of nitrogen input in agriculture is
ercial fertilizer, though input from animal manure is also impertant especially in
‘eventually ending up in water bodies (Lenntech, 1998-2011). Excess nitrogen in water
ication resulting in stimulated algal and aquatic plant growth (Nixon, 1993} Water
reased, deep water become depleted of dissolved oxygen, fish and shell fish deaths
r {Ryther & Dunstan, 1971) High concentrations of inorganic forms of nitrogen are
to be poisonous to humans. Nitrate concentrations of above 10 mg/l in drinking
ally harmful to babies and is known to cause blue baby syndrome, while mitrite
n of about 4 mg/1 is toxic to fish such as the Rainbow Trout (Mesner & Geiger,
nitrogen in water comprises of dissolved norganic nitrogen {nitrites, nitrates, and
) and organic mitrogen. High organic nitrogen levels are due to decompesition of
e and sewage runoff while inorganic levels are enhanced by soil crosion and
runeff of fertihzers (WRMA, 2007). Acceptable limits for Nitrogen species in
are; mitrate 10 mg/l, mtrte 8.0img/l, ammonmium mitrogen below 0.2 mg/l. and

p 100 mg/l (WHO, 2011). It is not known how the land uses along the Mara River
the nutrient Inads of nitrogen species in the Mara River.

phosphate is widely used as a phosphorous fertilizer to stimulate root growth and
{Othieno, 1988} ¥t gets into water in both urhan and agricultural settings {USGS,
‘ hosphorous fertilizers are less mobile in the soil as a result of stréng adserption to
& Westcot, 1985), and thus move into water bodies via mmnoff water. Phosphate
¢ usually manufactured or blended with nitrogen, potassium or both to form mixed
ve of al, 1996) The main source of nutrients in tea grown areas in the upper
of the Mara River is the NPK fertilizer (Othieno, 1988). Application of this fertilizer
other manures leads to build up of phosphorous in soils, increasing the potential for
losses via water runoff and soil erosion (Sauve ef al, 1996). The anthropogenic
the major sources of phosphorous through the use of fertilizers, pesticides and
d cleaning activities using soaps (Boron et @f, 2003). Phosphorous in natural water
mic three components: soluble reactive phosphorons {SRP), soluble unreactive
17




B e ticslste phiosphorus (PP (Rigler, 1973). It is an essential nutrient for
gsms that occurs in natural water and in waste waters, mostly as phosphates. Being
 nutrient for algal growth, it is rarely found in high concentrations in fresh waters
96) However cutrophication is the greatest threat facing aquatic life when there is an
ease of nutrients such as phosphorous and nitrogen that increase algal
er & Vallemtyne, 2008) As a result of cutrophication oxygen levels m water
ed posing a threat to aquatic life forms due to suffocation (Rao, 2008).

v‘veﬁ m the treasure valley of Idaho, nuisance algal blooms were found to be
an average phosphorous concentrations of 80 ug/l Iakes with 30 1o 100 ug/l are
eutrophic, while those of greater than 100 pg/l are classed as hypereutrophic
¥ Jarrell, 1999) The eutrophic classifications of the Mara River is uncertain Scientist
 the main causes of eutrophication in surface water bodies is increasing inputs of
§s and nitrogen which are abundant in buman sewage, excrement of hvestock and
izers applied to agricultural lands {Schindler, 2012). USEPA recommends soluble
arous concentrations of 0.05 mg/ I for streams that discharge m to 2 lake or estuary
0 mg/ L for streams that do neot and 0.10 mg/ L (McCariney, 2010).whether the
activitics along the Mara River have extensively polluted the river water
concentrations beyond acceptable standard limits for humans, aquatic life forms and
uses 18 not known.

} 'Metals in Water and Sediments

Do i ot cuaviiommns e o erilical convscs de i T seoxicity of
als and their accumulation in aquatic habitats. Heavy metals, in contrast to most
I not biodcpradahic and undergo an ecological cycle in which nataral waters are
(Tam & Wong, 1995). Sediments represent an important sink for trace metals in
hic organisms, and may represent a long term source of contamination te higher trophic
uoma, 1983). Heavy metals are generally present in small amounts in natural aquatic
nts. However, contributions of these metals from anthropogenic activities usually
@iheir natural concentrations cansing scrious covironmental problems (Adcrinola et .
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ies earried out mn Tarkwa mining region in Ghana, surface and ground water in the
 is contammated by beavy metals, with some metals concentrations exceeding the
eline values for Cd 0.003 mg/l, Fe 0.3 mg/L, Pb 0.0img/l (Armah e7 al, 2011). Along
ver, there are a number of land use practices which are a potential source of heavy
into the river. Whether heavy metals concentration contributed by the land uses
ra River pose a health hazard by exceeding the standard hmits is not known.

‘heavy metal whose consumption shouid be mmimized {Ogola et al, 2001).
mmpairment of the nervous system and is a possible human carcinogen (UN, 1998).
mulates in surface horizons of soils, and this has been attributed to #s low water
ility within an environmentally neutral pH range, which results in very low mobility. Due to
often contain high concentrations of lead (Lawrence & Brian., 2002). Lead occurs as
1s associated with gold mineralization, thus during ore crushing and panning it is
o the environment (Ogola e al, 2001). It is also a component in some fertilizers
! 1995}, and repeated application of these fertilizers resuits in the accumuiation of lead

followed by leaching and transportation into water bodies (Stokinger, 1981) NEMA and
ndard set aliowable permissible limits of lead concentrarion in surface water are
1 (NEMA, 2006; WHO, 2011) The contribution effects of land uses along the Mara
2 dead poliution in the Mara River water quality has not been quantified.

m is 2 natural element in the earth’s crust It ofien occurs in small quantities assaciated
ores, such as sphalerite {Anderson, 1992). This element has no beneficial biological
e m the human body and it is a pollutant of global concem {Ayers e ai, 1994).
m in water bodies originates from natural as well as anthropogenic sources. Some of the
pic sources of cadminm in water mcinde discharge of effluents from mining and
industries as well as agricultural runoff (Rai et al, 2003).Accepatbie standard limits
nium in surface water is 0.0img/l (NEMA, 2606; WHQ, 2011). Along the Mara River

i
e
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agncuiturai activiies as well as mining ndusiries which are possible sources of

metat exists by #self o5 aw clement or i combimatior b other elemenss i arious
and compounds {(Merck Index, 1983). The largest release of copper to the environment
e, landfills and waste disposals (Sauve f al,, 1996). Copper in water has been noted to
dingly tovic 40 agaric biots I comrast o s b oy o mammatan comsumers of
USEPA,1980). Concentrations as low as 0.005 to 0.025 ppm are lethal to some
e st fivh: spocics within 4 days (USEPA | 1986} Fributarics of Msimbazi River have
o found 1o contain heavy metals such as Cadmium, Zinc ,Copper and Lead at different
amd the stody suggostod the mctals e mostly i the omic foros which @re casily
ble to ingestion by animals and aquatic plants (Othman, 2002).NEMA sets acceptable
o dimits of copper concentration in surface water at 1 mg/l (NEMA_ 2606) Along the
River there are land use practices such as mining indusiries, agricultural practices with
mto the river. However there pollution cffects of copper concentrations beyond set
ard Tinnits ir: the Mara River has not been evalusted. "

-hromium

usuzby appears commonty I the covironment as 2 trivakent sait € (ATSDR,
) found in air, water, soil and some foods. Chromium anaches tightly to soil particles and
et expossire pthmons zre dus 6o dust and sedimenss { ATSDR. 20031 Omty 2 sma! part of
chromium that ends up in water will evenmally dissolve. Excess chromium (IIT) has a
fher of negative heaith offocts such as skoin rashes (Choryt & Susan, 2666} The Intormationat
mcy for Research on Cancer categorizes chromium as carcinogenic to human beings

20
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cancer (Frisbie ef al, 2002). Chromium enters the environment from mining
off water from agrivniure foms amd leaing o gromnd water (USGS, 20111
A set the standard limits of Clromium acceptable in surface water at .05 mg/1
& WHE, 2814} Adomg the Mara River the agricufines! frrms znd the mining
are potential sources of chromium contamination. The contribution of chromium into

ity found i zimast every food, with higher concentrations in animal tissues than
s (Beinert & Kennedy, 1989). Allowable limits for Fe in drinking water in the UK,
‘excess ron 15 dangerous and acute poisoning of children can oceur following ingestion
g of ron { Stokinger, 1981; Forbes, 1947} Anthropogenic sources of ron mnclude
ons, industrial waste and corroding metals. NEMA set accepatable standard limits
surface water at 1 mg/t {NEMA 2066} Along the Mara River, although there are

eased in the exvironment by maturat processes, it attaches to soil, sediments and dust
in air and water (ATSDR, 1994). However zinc concentrations are rising unnaturally due
of zine through bomar zctivities soch as mining, porifying of zinc, fead and cadmizm

ag of coal and industrial wastes (ATSDR, 1994). Zinc is also an amendment in most
at fertitizers {Morrecdt, $995) and henee #ts comtinmed nse moay fead to accomudation at
sites and runoff water will carry # eventually to the nearby water bodies. NEMA and
} acceptable standard himits of Zinc in swrface water is §.5mg/t (NEMA, 2006 WHO,
Along the Mara River the land use practices such as mining and agricultural activities are
sowrces of zinc podintion. However the contribations of zinc i the Mara River water
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researchers agree that land uses have a major effects on the surface water
fiects of the iand use ziong the Mara River on it water guaity are very obscure thus
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APTER 3

s and Methods

e Study Area and Sampling Design

udy was carried along the Mara River (longitudes 33°47°E and 35°47" E and latitudes
yand 1°52°S). The altitudes in the basin range from 2,932, m above mean sea level (amls)
i the sources in the Mau Escarpment to 1,134, m (amls) around Lake Victoria. Water and
en ts samples were collected in triplicates at 8 sites based on distinct land use practices
‘Mara River. All the parameters analyzed were compared to deviation from control 1
bet spring) which is the site upstream within the Mau forest characterized by dense
fed tress with no anthropogenic activities within it vicinity. Control 2 (Nyahenda spring)

as a gauging factor on the alteration effects of the water quality parameters before the

rains into the wetland in Kirumi.

36'10'E 36°:

L@"‘:& .GlLGIL

NAROK
o

TARIME
Tanzani8

 34°0E 34730 35°0°E 35°30°F 36°0°E

2 'Map of the mara river basin(Mati etal., 2005)

¢ sampling points were selected based on the dominant land use activity within the area,
cessibility of the sampling points and safety was also taken into consideration. This study

ployed a completely randomized design.
' 23
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S Sample sites sampling coordinates, land use and riverside

| Sampling coordinates

land use and riverside characteristics within the sampling site

[35544°E

Dense forested tress, thick grasslands and shrubs

35.240°E

[1.109°S

[35.166 °F
| sampling point, isolated shrubs and trees within the river bank

Wildlife conservation-pools of hippopotamus upstream of the

1.137°S

35.142°E

Wildlife conservation- tourist lodges (Ngerende Campsites),
game animals (Zebras, Gazelle, Hippos, Crocodiles, buffalos).

 1.246°S

354832°E

Isolated pockets of tall grasses, wildlife browsers and hivestock |
{Maasai cattle and sheep).

a | 1.526°8

35.021°E

Wildlife Conservation, evidence of intense browsing. Presence

of trenches and gullies used as paths by game animals |

| assessing drinking water points

[1616°S

34531 °E

Pockets of human settlement, livestock, human domestic
| activities, excavated heaps of soils neighboring the mining
industries.

e | 1.516°S

' 34465°E
1 m 3 m’m}&g\ 3

Sand harvesting, human seitlement, small scale maize and

1476 °S

34414 °E

It’s a stream of clear water draining into the main Mara River.

| Emanating from a small forested land upstream, thick

grasslands/shrubs.

1493 °S

34258 °E

i covered by aguatic vegetation{wetland)
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smicals and Reagents

from Riedel-de-Haen-Germany. Ammonium chionde (99% punty), potassmim mitrate
sium antimony tartarate (99% purity), Phenol, Ascorbic acid, and sulfuric acid
m. Mercuric chioride, Nitric acid (72%), Hydrochloric] acid (37% reagent grade ACS)
btzincd from Sigma Aldrich, Miwauke, USA_ Cadmium filtings, Sulphanitamide, N-i-
i ethylene diamine dihydrochloride were obtained from Fluka Analytical Products
erband). Donbie disttiled-deiomized warer (pH 7.02) was prepared using the Vaposet 20-
fion unit (Gerhardi, Germany). Standard solutions of metals salts were obiained as
= £o-i800mg? + 2mg# and Pb-i90Amgd + 2mgfl {Fiuka Analytical Products,
peland); Cr-1000mg/l + Img/l (Sigma Aldrich, Milwaukee, USA); Fe-1000ppm (Fisher
ific, Bishop Mcadow Rd, Usited Kingdomy Zn-1800 + .64 g (A4 Pameac Quimic
. Barcelona, Spain). 0.45pm GF/C fiker paper, Whatman-no 1 -licm filter paper-

pds adopted by the APHA (2665).

{ Water Samples for Nutrient Analysis

jampics of surface water were coffected in 3 replicates, 9 meters apart zmd 5 cm into the
r along the Mara River within each given site. The water was collected using a clean beakez,
$ was rinsed with the rver water prior o cach sample coffection These were then
ferred into labeled 500 m} plastic boitles containing 0.2 g of HgCl: each as the preservation
ot for the sutricnt anadysss sampdes. These were ther stored I an 7oc box and transported o




later Samples for Heavy Metals Analysis

fe water sampics were codiected as grab sampies m 3 rephicatsons meo § hver piastic
Preservation was done by addition of 3 drops of concentrated nitric acid, 72% pusrity
Addrich Miwamkoe $3SA) in cach bottle These wore then transported to the izboratory

FREE TS

Surface Sediments for Heavy Metal and Nutrient Analysis

.mmfaxmﬁmmm&manmnﬂmism.mﬁ:m using 2
into black polythene bags in three replications. The replicate samples were collected 10
8. These were then stored in an ice box, and transported to the laboratory for heavy metal

d anaiysi 2s dry weights
ical Methods

pH, Temperature, Turbidity Dissolved Oxygen and Electrical
in-situ at the points of sample collection using a multi parameter-water quality meter

|

‘ otal Dissolved Solids and Total Soluble Solids

eaf dissotved solids and total soluble sokids were detormined by the method adopeed by
A (1989). For each water sample, 20 mi was filiered through 0.45 pm GF/C filter paper
2 filtering apparatus (Suction Pump P18996, Al Favor Entorprisc Co Ltd Tachung,
in). The collecting beakers and filter papers were dried in an oven at 90°C for 24 hours
in the oven at 90°C for 8 hours and the filtrate in the beaker evaporated to dryness at the
B AR fhe woights mcmmrment woe fakor msiog o alytical balsmcer
gech GR-262, Gerhardt, Germany).



cach samplc was then caboubated a5 fodlows:

{BS-B) x10600 <1068
o ml

83 S} B-Mass of beaker, S= Mass of smpic.
u-.s‘un;n; ﬁl}!g&,
for cach sample weas thew calcubsted as follows:

(FR-F} x1000x1000
26 mi

4
FX Ry F=Muass of flter, R=Mazss of residue

‘ Mw&e}yw%heé I?Sgefpbemlaﬁdﬁ?gafsadmmnﬁapmssﬁe*@asﬁmm&m
mith Q@ water to make 2 finat volume of 588 mi and this was demoted as reagent 1
weighed 140 g of trisodiumcitrate-dihydrate and 11 g of sodinm hydroxide was
i 386 mi of Millipore oxifli Q water. After compicte dissofution. 26 mt of sodium
ite was added and made to a final volume of 500 ml with distilled water prepared by
26 distiltation unit {Gerlardt, Germanyy. This was demoted as reagent 2. Fo 56 mi of
r sample were added 3 ml each of reagent 1 and 2 with vigorous shaking between
S carc reagent Fix: samples weere ther kept at soon: temperstere fixr 24 hons prior fo
The absorbance’s were then measured at 630 nm on the Uv-Vis Specuophotometer
ed by use of calibration curves prepared within the linear ranges of 20, 50, 80, 100, 200
% fiom = substock of 6 mg NH.-N preparcd from Amabar (AR} anirydrous ammomiam
(NECE.

7
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thod described by Wetzel (1991} was adopted for mifrite, mitrate and total nitrogen
. For nitrites, 1o 25 mi of each filtered water sample was added | ml of sulphanilamide
| by vigoroms shaking and standing for 5 minutes, bofore 2 farther § mi of N-k-
¢ ne diamine dihydrochloride was added and mixed completely. The abserbance’s of
ftions were then measored agamst distitied water as the blank at 2 wavelength of 543 om
-Vis Spectrophotometer (Genesys 10s, Thermo Fisher Scientific, UK).The nitrite
wozs quantified by wse of 2 calibeation corve prepared within the near range of 5,
D, 30 pg NOs-N/A from a working sub stock solution of 1000 pg NO;-N/I prepared from
o mitrate (KNO: ).

2
Nitrate

- determeed 2 mitrates by first passing the water sampde through 2 copper cadnmum
1o reduce the nitrates to nitrites (Wetzel, 1991). The first 25 ml of each sample were

| Frsher Sceentifec, HK ) as per the mitrite method insection 3. 4.4,

trogen was determuimed s the (Wetzel |, $991) method by using the unfiftered sampie,
ion of sulphanilamide and N-1-napthylethylene diamine dihydrochloride. The samples
sted o 2n autociave steam stertborer 2t 93°9C-128°C {clectric moded no 25x- Wisconsin
n Foundry Co.Inc, Manitowec USA).These were allowed to cool, then passed through
er cadminm codumn and the absorbance read 2s per section 3.4.4.

2 reactive phosphorous

fley,1962). A mixed reagent consisting of ammonium molybdate, sulphuric acid, ascorbic

f% potassite antimonyd tarteate i the ratio of 2421 respectively was prepared. To 58 mi

ﬂaedm;ewas added 5 ml of the mixed reagent, and within 3 hours the extinction
28



elength of 885 nm. The soluble reactive phosphorous concentration was quantified
f cafibration curve prepared within the finear mnges of 5, 1§, 26, 46, 66 pg POPE
ng substock solution of Img PO4-P/l, prepared from {AR) potassium dihydrogen

otal phosphorous

Riley {1962). To 50 mi of each unfiltered sample was added 5 mi of the mixed
wod by digestion in 20 autockrve ~pressure stcam steritizer at 286-256°F {chectric
10.25% Wisconsin Aluminium Foundry Co. Inc, Manitowec USA) for 2 hours. The
s were thes afiowed 1o cond and their shsorbamce read 2t 1 wavelength of 885 5m ow the
l ectrophotometer {Genesys 10s, Thermo Fisher Scientific, UK). The soluble reactive
orous  conccnirzion was quanttficd by usce of 2 cabtbration coree preparcd withm the
s of 5, 10, 20, 40, 60 pg PO,-P/ from a working substock solution of 1mg PO,-P/I,
x from (AR} potassium difrpdrogen phmspiate (KH:POLY

were anatyzed according o the procedure adopted by Wetzel {1991} To 25 mi of each
d sample was added 5 ml of 0.25 M HC, followed by swirling, addition of 5 mi of 5%
minm moiybdate, fiwther swirking, addition of 5 mi of 1% disodinom EDTA and vigoronsiy
ing. After 5 minutes, 10 mi of 17% sodium sulphitc was added in cach sample sohution and
'ma!eweéiem&&sgm&m&e&mewm measured
nm. The silicates concentrations were quantified by use of calibration curve prepared
i the finear mnges of 84, £ 2, 3, 4 mg SiOh from 2 working stock sofution of H6mg

Heavy metals in water
r -metzls @ water were extracted by the procedure adopted by Mrimeiz er of. {2063}

water sample, 100 mi was filiered through a cellulose acetate filter paper into 250 m!

9




USA). This was transferred into 100m! digestion tubes and digested at 60°C on a
Geidatherm Biock Digester {Gerburds, Germany} These were showed to cvaporate to 15
samples were then transferred into 25 m! volumetric flasks and made up to volume with
B watr v subsrqeent vy mctat amatysis. The cxteaction Sifates wen il
2d for heavy metals using a double-beam Shimadzu AA-6200 Atomic Absorption Flame
b Spectrophotometer { Tokyo, Japany Cr 2t 2 wavchength of 425.4 nm, Zn at wavehength
2am, Cu at a wavelength of 324.8am, Fe at a wavelength of 372.0 nm, Cd at a wavelength
d om, 2t Phat 2 wavclengtiy of 465 8 nm The concentrations of the metal jons were then

by linear curves from working standards prepared from standard stock solutions for

;Heavy metals in sediments

vy metals (Ph, Cd, Cr, Cu, Zn, Fe) in sediments were extracted according to the method
d by Tack and Verloo (1999). The sediments samples were dried in an oven to constant
2t H6°C for 24 b after which | g of cach sample was weighed o 256mi beaker,
ed with 20m! of concentrated nitric acid -72% purity (Sigma Aldrich, Milwaukee, USA).
oz then transferred imto 2 100mi digestion tube, and digested on 2 KB 48 Kjeldatherm
pster (Gerbardt, Germany) at 130°C for 3 hours. The digests were allowed to cool to
femperatere fodlowed by filtration oomy  Whatoman no. ¥ filter papers-Mn 615 @125
hery-Nagel, Germany), inte 50 ml volumetric flasks, and the filirate made to volume using
et water. The extraction fltrates were then analyred for their heavy metal concentration as
ater fltrates above, using a double-beam Shimadzy AA-6200 Atomie Absorption Flame

€

idity and reliability

instroments and equipments ssed for the ficld data coffection were catibrated and pretested

i)

te the field visits, while the laboratory methods and procedures used were standardized in
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ated data was statistically amatyzed using Statistical Aralysis System {SAS) version
e, 2002. And the variation along sites compared at a confidence limit of (p < 0053,
ers zmabyzod compared with pormissible dovck sces by NEMA and WHO standard
e effects compared in relation to the concentration registered at control 1
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4

and Discussion

| In-situ water physicochemical parameters at different sites along the Mara River are as

i Table 5.

5.Mean in-situ * SE water physicochemical parameters at different

| the Mara River
| Names pH [DO EC Turbidity | Temperature
* (mg/) | (uS/cm) (NTU) °c
| Ainabsabet Spring | 523 |6.45 |34.32 98.45 11.53
: +0.01 [+0.01 | 3045 .15 +0.06
| Emarti site 748 1728 |67.00 160.37 18.83
+0.01 | £0.05 | +0.01 +29.21 +0.15
| Ngerende 1 753 |7.62 |66.30 143.17 19.73
' +0.06 | +038 | +5.03 +48.97 +0.32
| Ngerende 2 756 |753 |65.00 109.87 19.70
+0.02 | +0.09 | +2.65 +1.86 +0.1
| Old Mara 747 |7.28 | 67.00 176.20 18.83
, +0.01 |+0.05 |+0.01 +28.19 +0.06
| New Mara 727 |692 |81.00 280.97 23.73
£0.01 | +0.15 |33.60 £2.54 +0.06
Before mine 775 |[7.94 |108.00 364.17 23.50
+0.01 | 001 |36.08 +29.56 '+0.29
Afier mine 804 |756 11200 369.47 23.03
+0.01 | +0.10 |43 +15.69 +0.15
Nyabenda Stream | 7.47 |8.18 4233 90.55 18.07
+0.06 | +0.03 | +0.6 +0.90 +0.12
Kirumi(Wetlands) [ 7.58 [6.14 |252.00 65.77 23.26
10.12 | 21.55 3557 421.58 30.13
CV (%) 068 1698 [3.91 12.61 0.73
LSD, (p < 0.05) 0.08 [0.87 [5.97 39.92 0.25

= Standard error
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s T along the Mara River ranged between 5.4+ 801 2t the controd site and .64 + 801
mine site. Exhibiting a significant increase downstream from the confrof s
‘ thee the comtrod site =8 sites zlomg the niver registered pH
&ceeptabk within standard limits of both WHO and NEMA of 65t 9.2 and 6.5
m;rztmi; for surface water {WHO, 261 i; NEMA, 2006} The tromd of 2 sigmficantly
eancemra%m being registered after the mining site, is similar to the trend exhnbited in
rorkd such 25 podd mininyg in the Westan Uanited States as the cyamide that is
the leaching of gold ores results in higher pH in the adjacent water {Viadimir and Robert,
Abumdance of organic scids due to matoral organic decomposition tend to imorease water
5} {Chapman, 1996). The low pH at the control site (Ainabsabet Spring), where there was no
 rshitation or cvidenoe of anthropogemic activity, is attributed 1o the abundance of natuesd
anic acids due to the decomposition of leaves and twigs at this site. Organisms use nitrogen,
ouss amd othier matrients to bve and develop and opor decaying, the organic mifrogen is
to organic acids and ammonia (Aggie-horticultwre, 2009), Carbon from the organic
pads stsch 2 deaves whnch 1 not stilired in ocll protoin s hbcratod mainly @ the neduce
m of methane CH; and small portion of carbon respired as carbon diexide Co; (Aggie-
ite to creased water pH in this river. However, other than the control site at the
WHO and NEMA limits (WHO, 2011; NEMA, 2006). Thus the land uses along the Mara
¥er do not pose 3 health havard ¥ regands to the water pH. Tins trend i pH s comparsbice to
¢ concentration of past study which indicated health pH concentrations being within the
et cange imits in consideration of the upper fimit, 4.8 to 7.6 (GLOWS, 2005). Though
iy a low concentration of 4.8 was registered, at a confidence limit of (P < 0.05) LSD
6, thes was mcrgreificant to the concentration of 5 23 registered at the controd site.

1.2 Dissolved Oxygen (DO)
mezn dissodwed oxypen concentration zloay the Marz River ranged fom 6 14 + 1 S5 mgiiat
e wetland to 7.94 + 0.01 mg/l before the mine and 7.56 + 0.10 mg/l after the mine site.

yahenda stream (control 2) which was Off the main river registered a mean of 8.18 = 0.03 mg/l,
33




wasn’t used to evaluate the land use effects ,only to evaluate its alteration of the
mality downstream zffer this site. As #'s z somce of high purity water feeding mfo the
ver. There is generally more oxygen in cold ,flowing water with many obstacles and
 piants. 25 comparcd to stagoant and skew Sowing water{Wetzel | 1983) Ar the controd
(Ainabsabet spring)the water was slow flowing with peckets of natural decaying
ve matter (piat Seaves and twigsion the water sorface. This is the resultant couss for an
oxygen demand (Williamson ef al, 1998), however the registered concentrations still
hin accepeable standard Emits {WHO, 2811} During 2 previons study slang the Mara
n 2005, the mean DO concentration ranged from 0.49 mg/l at the river mouth before
g it the wettend in Kirmos to 7.35 af the Mura mines sites. With exoeption of swapy
l the DO levels were above the guideline criteria as set by the Tanzania government
e to DO concentrations in this study in which the mean DO values fell within
 NEMA and WHO gmidclines (NEMA, 2006 WHO, 20ii)An indication of
ity of dissolved oxygen concentrations w Mara River over the years, though there is
f finctuztions m DO concentrations zlonmg the over. Tins should be momstored
to keep check such that the concentrations do not go below the acceptable standard
sharly at the wetbind where the registered levels were st shove 6 mg/'d registering

ooty ﬂ:’mxz:-tusmma‘.«_i the h&mmm Fom 3432+ 845 wﬁMi
These exhibited a steady increase downstream from control 1  site -Ainabsabet
k weas upstreza: ziong the river. And hkewrse controt 2 wich was 2 stream feedmg

2 prmary cause of moreased conductrenty concentrations within agricuitnral iands
2001} . The conductivity concentrations registered at Emarti site resulted from farm
@ contributed to soil crosion, cahancing the fonic inputs into the water. Mining operations
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nown te accelerate the chemical oxidation processes of the earth crust, releasing acids,
suipahtes it surface and ground water (Lupankwa of of | 2004} Adong the Mara
most significant input of ions was from the mining activities as is evident by the
atiom £t withsin: arceptable standard Howits of 480y S/om i surface water (WHO, 2011}

turbadity comcentrations zlong the Mara River ranged from 2 mean of 65.77 £ 21 58
it Kirumi wetland to 36947 + 15.69 NTU after the mine site.All sites registered an
ed turbadity concentration  compared to the comtrof site 1{Ainabsabet spring}. other than
in Kirami Turbidity is mainly from runofl from both non-point and point sourees
| & Acmstromg | 1997} insufficient soit comservation practices s one mzin coiry of
nt loading into surface water (Bugenyt & Balirwa., 2003). :

e in turhidity downstream along the Marz River is 25 2 result of sediment foading
from the land use practices. With the main contributor being the mining activities as per
ity along the Mara River include land tillage from agricultural farms, livestoek herding and
e Ngerende Sites, which the predominant land use 15 game conservancy. The turbidity
gtioss after the nxne site excceded the standand inuts of 18 NTU for donkiog water and
for surface water safe for domestic use and some aquatic life forms {WHO, 2011} thus
‘,zm&wmxtﬁsw
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-
ywatcr temperasure zlong the Mara River ranged between 11.53°C £ 686 80 23 73°C +
the site downstream from the control site exhibited a significant variation from control

Jowever alf the mezs temperatare registered fofl within acceprable NEM A upper limits of
IEMA , 2006) for natural surface water.

e Mara River the lowest TDS concentration was registered at control 1 site (Ainapsabet
 registering 2 mean TDS concentration of 4522 + .65 mg! This was comparabic to
2 (Nyahenda siream} with a mean concentration of 59.00 £ Img/l. Low total disselved
are offen chavacteristic of forested rivers (Chapman and Chapman 2003) as reflected in
5. Both the control sites are inhabited by forested riverbanks,and this explain their trend.
B sing the river it sampied sites registered 2 significant increase in THS comparabie
contref I site with the wetland site in kirami regiétered the highest TDS concentration with
of 30833 + 268 myfl the imcreasc in TDS concentration downstrezn: is attributed o
ions availing themselves as a results of land uses such as land tillages downstream
pg the ions into the water body, mining activities vegetative destruction via grazing thus
cing mineral ions entry through runefl water to the river. However the TDS concentration
sites along the river folf within acceptable standard Emits of 1206 mg/t (WHOQ, 261 1) and
it pose a health concern for the Mara water users only as per the total concentration but not

7 Total Suspended Solids

ng the Mara River, the highost TSS concontration {§ 64 58 mg/) was registered afier the
* site(site 8).with the lowest TSS concentration of 6.33 = 2.31 mg/l being registered at
fti site as reflected i tahie 6, which was characteristic of large wheat and maize farming
jin it vicinity. Thus the large scale farming within Emarti site do not contribute o the influx
ptat suspenched sodids, as this site registered concentrations non significant to comrof § site
centration of 9.22 + 0.13 mg/l. Insufficient soil conservation practices in agricultural regions
nown to increase totzd suspended sobids {TSS) vatues { Bugeryi and Rabirez, 2003). Increase
[SS concentration along the Mara River is much attributed to mining activities other than
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il activities, as is evidence by the highest mean TSS concentration of (110£1.50 mg/l)
afier the mining site. On 2 quality criteriz for surface domestic water based on TSS
Mara River fell beyond the 5 mg/l WHO permissible limits(WHO, 2011). However at
#, before deatsing mto lake Victonz the segistered {24 67+1 53 mgfi } was just short
238 mgft NEMA permissible bmmt{NEMA, 2666)

. MeantSE water total dissolved solids and total suspended solid at

| Site name TDS(mg/1) TSS(mg/1)

1 | Ainabsabet Spring 4522+ 065 92240 13

| (Control 1)

[ 12933 +4.04 6332231
Ngerende 1 183.33 +4.93 41.67+1 15
Ngerende 2 180.68 +1.15 42.00%2
| Old Mara bridge 183.68+1.15 73.33+2.89
'New Mara bridge 106.67+10.4 11.67+2.89
Tarime-(Before Mines) 193.240.17 107.33+0.19
| Tarime-(After Mines) 221.33+12.66 110.56+1.50

" | Nyabenda Stream(control 2) | 59.00%1 9334115
Kirumi(Wetlands) 308.332.08 24.67+1.53
CV (%) ' 3.50 418
LSD (P < 0.05) 9.60 311

- T
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Nutrient Analysis

species of the inorgamic mitragen adong the Marz River was the mitrate mitroges
ved by the ammonium nitrogen (NH4 -N) and then the nitrite nitrogen (NO»-N).
xt mean NO,-N concenteation of 243 65 + 526 pgt at Fmarts Site wivich is the chasest
ge seale agricultural plantation is an indicator of the agricultural farms upstream being a
 these mutrients.  This generally agrees with the finding by Kikampa and Wenaty
9a and Wenaty, 2013)on lower portion of the Mara River in Tanzania surrounding the
egions where they attributed the mean concentrations of NOs- and PR~ to be
from the nearby agricultural soils. Previous studies carried within the Nyando River
Bt that agricuiturat faad msc was miajor contributory factor it variation i watcr
particularly its nutrients concentration (Rabura ef al.,2002). Livestock and game animals
20 inpnt on the nutrient concentrations, more so mitrates and phosphonous, 25 was
by the concentration of these nutrients registered at the Ngerende Site which was after a
popataomis and crocoddes This resulted a5 mutrient loading from these awomat
her downstream, sections with limited agricultural farms - ether than small pockets
ce farm fznds such as at site § {Tarime} before mines zud site 7 {Tarime after mines)
was a decrease in both nutrients (nitrogen and phosphorus). Aquatic vegetation are known
B sk mitraics: 2 swivicos oy kowcring S concEnimstions: i agutic
' ents (Belke, 2007), this tends to agree with the low nutrients concentrations of both
(3.6 + 8 20 pg/t) and soluble reactive phosphates {5.53 £1.22 pgl) registered at this site.
er the nutrient species of nitrogen in the Mara River a sustainable, as the all fell within
B starctard fimits for botl NEMA and WHO standard {NEMA  2666; WHO, 2811) as
o i Fabics 2 and 3 and permissibie fimit of Total mitrogen of 16 mg/ (WHO, 1984).

S oluble reactive phosphorous(SRP), Total phosphorous (TP)

ncan mutricsts concenirations of sofuble reactive phosphorous and fotal phosphoross s at
fated in Table 7. The sofuble reactive phosphorous registered it high concentrations within
gerende sites, which were inhabited by 2 poat of hippopotamus spstream during the period
mpling. During the water analysis along the Mara River in 2007, high soluble reactive
% prOTES concortration wore registered at the New Mara Brige was attributed to presence of

stock wastes and livestock within this area (Mc Cartney, 2010). Other than the natural
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e, human and animal excreta are some of the most important sources of phosphate
nto surface water {Gokterman, 1993} The registered concentration of phosphorous at the
de sites is as a result of the hippopotamus upstream of these sites. Along the Mara River
me animais and fvestock are 2 source of mutrient foadings particatarty phosphorons foads
¢ Mara River However the phosphorous concentrations are still sustainable, as they all fell
the pormisside WHO tmit of 18 mgd (WHO, 1984} for the totat phosphorons

ions in surface water.

T

t SE Nutrients Concentrations at different sites along the Mara River
;1-'_,:: Silicates | NO;- NO,- | NH4'- | SRP TN ™

mg/l pg/l pg | pgh pgl | pg ug/l
Nd+ 111.97 (320 | 5657 |3295 |92324 |52.00

0.0 150 0.1 WOt %237 (2877 )01

2950 124365 [ 1558+]1526 |7840 | 151567 | 3581.00%2
1.70 +5.26 13.96 +4.18 | +1.48 | +7.63 535
3000+ | 14297 |32.03%30.33 122.68 | 1209.33 | 479.33%1
0.00 +2.17 1.05 +0.58 {4058 |+3.06 5.14
30.33= | 141.73 | 33.06+ | 30.43 123.33 | 1206.33 | 483.67+4.
0.58 +206 (0696 | +0.81 +0.58 | +1.53 72
29.02+ | 149.14 | 30.50+ | 31.95 79.46 | 1309.33 | 681.23+6
2.89 649 |08} £192 14194 (46185 |88 '
2883+ | 14536 | 13.83%+ | 15.48 69.10 | 1630.00 | 373.4748.
11.31 4311 2.81 +268 [+1.73 [ 49656 |66
26.08+ 4141 21.73% 1 2423 14638 | 128513 | 456.00%2 |
0.10 +2.05 |6.35 +1.97 [ +228 |+4.39
3250+ | 808 8.67 13.15 17.78 | 1093.40 | 565.33+3.
3.83 +2.35 [£1.79 [+0.27 [+2.92 |+2448 |05
2147 (537 0.10 573 6.13 22357 14232
0.33 30 |+001 |[+046 |+042 |+222 +0.34

65.80+ 3.16 0.37 8.18 553 442 §7 9519
0.65 +0.20 +0.46 | +0.57 +122 | +5.25 +2.50
% 5.76 3.i¢8 1670 | 8406 282 470 638
(P<0.05) 288 (539 |451 317 |278 | 86.69 | 40.76
ot detected, SE = Standard error
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Silicates

gean silicates concentrations along the Mara River is as illustrated in Table 7. All sites
gred an increase from the control sites, with the wetland in kirumi registering the highest
oncentrations. Previous studies established that mining and dust were inseparable, with
ain dust component being silica (Ogola et al., 2001).This is comparable to the increase in
fes concentration after the mining sites downstream along the River. The most significant
made land use that affects the silicates concentration along the Mara River is the mining
ties. The vegetative destruction via mining and the heaps of sandy soil within the mining
ity is the main route of silica dust finding its way into the Mara River thus tending to
ts concentration. However the concentrations of silicate registered at Kirumi wetland, is
the standard who limits of 1 to 30 mg/l in surface water (WHO 1987). Confirming the

a River as one of the source of silicate pollution in Lake Victoria.

wetland site in kirumi registered the most significant reduction in all the nutrients
trations other than the silicates. This decrease in nitrogen and phosphorous nutrients is as
of their uptake by the population of aquatic vegetation within the wetland. However the
ate concentration in the Mara River fell within acceptable WHO limits of 100 mg/l (2011) in

ace water.

| Heavy metals in water and sediments

 variation in the mean heavy metals concentrations in water and sediments are as illustrated
es 8 and 9 respectively.

The heavy metals in water and sediments
s studies carried around the Mara Mines along Mara River in Tanzania revealed that the

ace and sediment in the studied areas were grossly contaminated with(heavy metals
& Wenaty, 2013).with some of the water heavy metals mean ranges quite comparable
the concentrations registered in this study within the afier mine site(site 8);Cu 20+0.006 ug/l,
1 33.49 mg/l £15.90 in the previous study carried within the mining areas and the mean
pncentration of Cu 24.53 +0.71 ug/l, Fe 41.00 + 1mg/1 during this study.

| the heavy metals analyzed at a confidence limit of (P< 0.05) exhibited a significant increase

om the control site 1(Ainapsabet spring). The concentration of the heavy metals upstream
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‘ix mining site and downstream from control site 1, is attributed to presence of these trace
in the agricultural inputs, applied in the farm lands. The larger concentrations increases
mining site (site 8). Further downstream at the wetland, there was a significant decrease
the heavy metals concentrations. Aquatic vegetation are known to utilize ionic elements as
s thereby lowering their concentrations in aquatic environments (Belke, 2007).The low
1 trations registered within the Kirumi wetland is attributed to uptake of these heavy metals
e aquatic plants. The concentration of the heavy metals in sediments exhibited a similar
increase similar to the concentration in water but registered higher concentrations due to

nuous sedimentation of the metals from the water surface.

he wetland in kirumi, before discharging into lake Victoria,all the metals other than lead
tration fell within the WHO 2008 permissible limits for domestic surface water.but the

concentration of 12.07 + 0.41 ug/l was within the NEMA 2006 permissible limit of 50 ug/l.

n heavy metals concentration in rivers Nyando,Nzoia and Yala range from Pb: 29.5 to 93.6
,Cu :10 to 57.9 pg/l, Zn :25 to 124.8 pg/l (Lalah er al., 2008).Other than the site after the
the Mara River as per the concentrations registered at Kirumi wetland, the Mara River
hold as one of the river within the lake Victoria basin that is least as a pollutant to Lake
1a waters in regards to heavy metals pollution, other than the zinc concentrations.

e [ron concentration in Mara River,even at the least concentration site(Kjrumigvetland) was
than the recommended EPA limits of 2.0 mg/l and WHO limits of 0.3mg/l in surface
(EPA, 2008).However even the control sites registered concentrations above this limit an
ion of high background iron concentration within this river basin. All the other metals
ed in this study fell within the NEMA, WHO, limits for concentrations in surface waters.
A, 2006; WHO, 2011) as reflected in tables 2 and 3.
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28: The Mean * SE heavy metals concentrations in water at different

along the Mara River

Pb cd Cr Cu Zn Fe
ng/l g/t g/l pg/l ngll mg/l
3.88 0.11 21.01 1.30 77.69 12.49
005 |+0.01 |£1.00 |+0.02 +0.55 +0.03
2313  |0.60 2878 [3.80 173.30 31.49
+0.13 [ £0.02 |x0.19 |0.02 +0.61 +0.53
2112|050  [30.76 | 3.61 +0.01 | 169.41 23.82
027 [ +£0.02 |=+0.11 +2.07 +0.17
27.10 {050 [29.03 [4.10 0.1 |109.60 24.00
+0.90 | +0.02 |=+0.06 +0.53 +1.22
25.17 | 051 2757 | 3.50 £0.02 | 107.07 217
+1.10 | £0.02 | =058 +0.90 +0.59
16.0 050 [29.18 |[528 +£0.06 |103.67 25.97
+0.20 | 0.02 |0.25 +1.52 +0.32
Before Mines) | 19.47 | 0.60 | 3262 | 9.03 £0.67 | 206.10 25.43
5 +0.64 | +0.04 |=0.56 | £1.95 +1.08
e ( After Mines) | 49.80 | 0.72 8226 |24.53 935.67 41.00
2 +020 [+0.02 |+1.44 | +0.71 +6.66 +]
6.21 010 |6.87 429014 | 9200 =4 |10.77
021 | £0.02 |+0.06 +0.39
etlands) 1207 [020 |827 3.70 £0.02 | 129.00 £1 | 7.79 £0.15
4 041 | +0.01 |+0.22
2.66 486 [2.12 5.89 1.26 2.87
0.92 0.04 1.07 0.63 4.52 1.10
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  9: Mean = SE Concentration

sites along the Mara River

of heavy metals in sediments at

1te Name Ph Cd Cr Cu Zn Fe
ng/g ng/g ng/g ng/g ng/g ng/g
inabsabet 57.67 13.00 581.33 109.33 12.00 2256.67
E +1.53 +1.00 +1.53 +0.58 +0.50 +10.41
ng
t1 Site 182.00 123.00 746.00 210.67 653.33 6065.67
+2.00 +1.00 +22.7 +2 08 +11.37 +61.21
gerende 1 167.00 130.33 682.00 325.00 633.33 4748.67
: +6.24 +1.53 +[2 +5.00 +10.41 +1.15
! gerende 2 156.67 121.33 689.67 326.00 631.33 4764.67
: +6.11 +1.53 +2.08 +2.00 +1.53 £513
,-‘bld Mara Bridge 139.00 123.00 654.67 318.00 640.00 4393.00
p +1.00 +2 .64 +4 94 +2.00 +4 00 +4 .58
| New Mara Bridge | 138.67 142.33 636.00 305.00 642.33 4206.00
1 +0.56 +1.53 +6.00 +3.21 +6.03 +5.50
;;'Tarime (Before | 187.00 156.00 619.00 408.00 746.00 4590.00
“."Mines) +2.65 +2 . +1.00 +6.08 +2.00 +9 71
':l‘arime (After | 922.00 157.33 1654.67 | 922.33 1347.67 6533.67
| Mines) +7.21 +2.08 +16.04 |+17.62 | +41.19 +4.04
’ANyahenda Stream | 102.33 6.67 528.00 | 219.67 310.00 2070.00
V’ +1.52 +2.08 +2.00 +3.51 +8.00 +2.00
Kirumi(Wetlands) | 109.00 10.00 531.67 175.00 608.67 2015.00
! +1.00 +1.00 +5.03 +6.08 +8.62 +7.09
| CV (%) N7 1.75 1537, 2.03 2.35 0.49
[LSD (P< 0.05) 6.51 2.93 17.03 | 11.49 24.864 34.68

standard error

43




‘ter S

JMMARY AND CONCLUSION

most of the water physicochemical parameters;pH,temperature,dissolved oxygen,
y, total dissolved solids, total suspended solids and electrical conductivity fell within
able mean ranges of both WHO and NEMA (WHO, 2011, NEMA, 2006)quality standards,
a tendency of a build up on some parameters such as TDS, EC, Turbidity, TSS and
centration of dissolved oxygen (6.14 + 1.55mg/L) as evidenced by the registered

ion at Kirumi posing a future threat to the river ecosystem.

"_ uses along the Mara River do impair the water nutrient concentrations, with the most
fant nutrient influxes being Total Nitrogen and Total phosphorous. The main nitrogen
s along the Mara River are agricultural farms courtesy of agricultural inputs such as
res and fertilizers, while phosphorous is mainly from animal waste /manures as evidenced
' phosphorous concentrations after pool of hippopotamus at Ngerende sites. However

are within acceptable standard limits.

.?"a ¢ along the Mara River contributes to heavy metal loading in the river, with mining
being the most significant influx of heavy metals. The heavy metals concentrations in
ments are higher in concentration than in water due to the strong binding affinity of the
metals to the sediments. The sediments in the Mara River are thus a sink of Lead,
m, Chromium, Copper, Zinc and Tron metals.

t land m Kirumi plays a significant role of water purification, thus reduction of these
pants just before the Mara River drains into Lake Victoria , hence mitigating the

n effects upstream.



lecommendations

of the land uses along the Mara River in regards to surface water quality are sustainable.
hese should be periodically monitored as is evidence by a buildup of some contaminants, to

dy for future pollution.

ants within the Mara River basin should be discouraged from land tilling up to the banks
e river and, instead, be encouraged to conserve the bank vegetation as this will aid in soil

servation by reducing erosion as well as sediment loading in the Mara River.

e 15 need for the conservation of the wetland in Kirumi as it played a significant role in the
cion of both nutrients and heavy metals concentrations. Thus this wetland plays a

ficant role in minimizing pollution levels entering Lake Victoria from within the Mara River

icial wetlands could be constructed at each and every bank adjacent to farming lands that
ze fertilizer applications, as a control measure to minimal entry of fertilizer residues finding

into the river.

Suggestions for future studies

re is need to widen up the scope for other elements of interest not covered in these study that
of environmental concern, There is need for further studies within the wetland to understand
implications that might arise in case of a shift in the algal species/decay of the aquatic
v ation or decomposition of the aquatic vegetation in terms of the nutrients and heavy metal

centrations.
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