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DEFINITION OF TERMS

Terms which are used in the study are defined balosording to how they are used in this

study.

R/
L X4

Fertiliser: any synthetic inorganic material that is used tbagice plant growth by
supplying nutrients such as nitrogen and phosph@N&ESCO, 1998).

Water Contamination: the reduction of possible usefulness of waterchgmical
solutes present in water above concentrations rdeted by national or international
standards for portable, industrial, recreational atmer uses (UNESCO, 1998).
Leaching: the loss of water- soluble plant nutrients from #sml, due to rain and
irrigation.

Nutrients: chemicals that plants need to grow taken from @heironment such as
nitrates, phosphates.

Pesticides: in this study refers to all chemicals that areduto control or kill pests
such as herbicides, insecticides, nematodes armuhtioties.

Pollutant: refers to a substance that adversely alters thieosmvent by changing the
population growth rate of species, interferes iatbd chain, is toxic or interferes with
health, comfort amenities, or property values afgde (UNESCO, 1998).

Pollution: in this study refers to the introduction into sineor marine waters of
chemical, physical or biological material that dedgs the quality of water and affects
organisms living in it.

Non - point source pollution refers to the contamination that occurs when veaater,
snowmelts, or irrigation washes off ploughed fieldsy streets.

Runoff: refers to the total amount of water that reachesstream or river including
immediate surface runoff and the rainfall that goihe stream later by infiltration.
Water quality: in this study is a term used to describe thersbal, physical and the
biological characteristics of water, usually itsitghbility to maintain a healthy
ecosystem

Eutrophication: refers to the enrichment of surface waters pimt nutrients, such
as nitrates and phosphates through fertilizerewage.

Algal bloom: is a rapid increase or accumulation in the jepn of algae in aquatic

system such as fresh water or marine environment.

Xi



ABSTRACT

This study assesses the contribution of agricultuwa-point source pollution, to poor water
guality of the Vaal River within the Grootdraai dasatchment area. The study evaluates
agricultural pollutants affecting the quality of t@a within the study area. The impact of
agricultural non-point source pollution on the wajeality of the Vaal River was evaluated
by establishing a correlation between the quamittgolluted runoff reaching the River and
the quantity of measured nitrates and phosphatiés waters. A questionnaire using random
sampling was used to capture data from 15 comnidanimers 35 local residents and the
Department of Water Affairs management. The resoltthe study show that agricultural
nutrients are heavily impacting and compromising water quality of the Grootdraai Dam.
The mean concentrations of Nitrogen and Phospheeus found to be well above the water

guality guidelines there by promoting eutrophicatio

Key words: Agricultural non-point source pollution; runoffyater quality, agricultural
nutrients, eutrophication, buffer zones, Phosphdfagiliser, Quaternary basins, nitrogen.
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Chapter 1

1. INTRODUCTION
1.1INTRODUCTION AND BACKGROUND

Water comprises 70% of the Earth’s surface makingne of the most valuable natural
resources (Krantz, 2011). Of this about 97.5% It water and only about 2.5% is fresh
water, (Sandi & Darrin, 2012). It is a fundamergd@ment to all forms of life for various
functions such as drinking, cleaning, as a reprovgeianedium and as habitat for aquatic
organisms and for irrigation purposes (Ninhoskins2fil1). Water makes up 50 to 90% of
the body weight of most living organisms. It isaksssential as a transport mechanism and

for metabolic processes of most living organisnan@ & Darrin, 2012).

Water pollution is an aspect of pollution that coomly goes under the radar; however it is a
huge aspect of pollution with serious detrimentalsequences which needs to be dealt with
swiftly to obtain a clean and healthy environmetinboskinson, 2011).

Water pollution decreases the usefulness of watamnamically and it brings about danger to
human health and other aquatic forms of life (JarB@68). Although human beings benefit
immensely from water, they are actually one of iiin causes of water pollution through
marine dumping, industrial wastes, agriculturalugfiit and mining wastes, (Ninhoskinson,
2011).

South Africa’s water quality is fast deterioratifBega, 2008). It is estimated that the
demand for water in South Africa will exceed avalidanatural supply by the turn of the 21st
century. It is projected that South Africa could rut of fresh water by 2025 (Blaine, 2013).
This constitutes an economic challenge that cary twel met by careful planning and
intensifying research on sustainable agricultugal)ié & Coombs, 1979). A study by Bega
(2008) found out that the cyanobacteria bloomsrdsmbin most rivers in South Africa were,

due to high levels of eutrophication.

Agricultural nutrients from farmlands are one ok ttop running contributors of water

pollution. These include fertilizer and pesticidesgd in agriculture, which find their way into

the river system, contributing significantly to theor quality of water (Ninhoskinson, 2011).
1



It is therefore of paramount importance that enoudbrmation be gathered to understand
the major causes of water pollution. When the eswend sources of water pollution are
identified it paves way for the assessment of t@rdbutions of each of these factors so that
appropriate measures can be taken to addressdbleipr effectively. This study assesses the
impact of agricultural nutrients and chemicals frdarms within the Grootdraai Dam
catchment situated near Standerton in the Mpumal&ngvince, determining its contribution

to the poor water quality in the Vaal River.

1.2STATEMENT OF THE PROBLEM

According to a study by the Water Research Comoms@iVRC), the state of most of South
Africa’s rivers continues to deteriorate (Sapa, ®00There are clear indications from the
relatively scanty water quality monitoring data idadale that water quality of most rivers in
South Africa has deteriorated over the past 20syé@berholster, 2010). The WRC revealed
at the Implementing Environmental Water AllocatidgWA) conference in Port Elizabeth
that some rivers in South Africa showed a hugeraetgion in water quality (Sapa, 2009).
The Vaal River was classified as the second moktitpd river in South Africa after the
Olifants River (Sapa, 2009).

Four main categories of water pollution have baekmiified in past studies. These include
the municipal, industrial, mining and agricultufEhe pollutants can either be organic or
inorganic substances (Wetzel, 1993). Pollutantsassd from agriculture, are regarded as
non- point source pollution (NPS) and they havenhidentified as one of the leading sources
of water pollution in South Africa. Nitrogen andhgsphorus from agricultural fertilizers,

manure and ammonia is converted into nitrites @masphates which are then washed into
the river system by runoff water. It has been ddteat algal production in most rivers

appears to be limited by the concentration of phatp(Wetzel, 1993; Edmondson, 1991).

The prevailing monitoring gaps increase uncertaiatyl undermine decision making in
monitoring water quality (Stuijt, 2012). The asgiion is that knowledge is limited to the
causes of water pollution however the question shilitremains is, what is the contribution
of this particular source to poor water qualitytiims part of the river? Hence this study will
estimate the extent of Agricultural contributionpgoor water quality of the Vaal River within

the Grootdraai Dam Catchment in Mpumalanga Provihbes study exclusively assesses the



impact of agricultural non-point source (NPS) ptiin on the segment of the Vaal River
within the Grootdraai Dam Catchment.

1.3RATIONALE

This study is partially informed by observationstioé disturbing state of affairs on the Vaal
River situated near Standerton in Mpumalanga PoavinThere is a disturbing and unusual
growth of algal blooms and at times the water mrikier has a pungent smell. Figures 1.1 &
1.2 show how pollution is causing algal bloom insection of the Vaal River in the
Grootdraai Dam Catchment.

Figure 1.1 Algal bloom in the Vaal River
(Photo taken in 2012

The study site, Grootdraai Dam Catchment, was &&lexs there is strong evidence of water
pollution within the catchment and especially fragricultural nutrients (Van Ginkel, 2001;
Tempelhoff et al, 2007). The study established the role playedagsiculture in the
degradation of the water of the Grootdraai Dam. ridddtural NPS pollution is the main
source of water degradation in the catchment adahéuse of the catchment is heavily
altered for agriculture purposes, resulting inrerease in nutrient laden runoff. A study by
the Department of Water Affairs (DWA, 2009) foundt ahat the water quality of the Vaal
River is affected by salinity, eutrophication anecmbiological issues and these need to be
addressed urgently.



Figur 1: AIa bloom in th VI iver
(Photo taken in October 2012

The introduction of pollutants into the Vaal Riweithin the Grootdraai Dam Catchment

could be as a result of a number of natural presess influences by human activities within

the area. These activities include mining, sewsgtage and agricultural activities among

others.

The determination of the extent to which agricwdtuactivities contribute to poor water
quality in the Vaal River and the communicationtlis information to stakeholders will
provide an impetus for solving problems associangth agricultural non-point source

pollution.

The study shows how the contribution of agricultumatrients and pesticides have affected
the water quality of the Vaal River, and if theeeff is significant enough that proper control
and mitigation measures would be required to imerhe quality of water and consequently

the health of downstream biodiversity.

The results of the study benefit decision maketakeholders, the community within the
Grootdraai Dam Catchment and the catchment managemgéhorities for sustainable
development. The control of the poor water qualiily benefit the Lekwa Municipality since
it could mean a reduction in the cost of purifyimgter meant for human consumption.

4



1.4AIMS OF THE STUDY

This study aims to;
1. To estimate the contribution of the current @agtural activities to the water quality
of the Vaal River within the Grootdraai Dam Catcimtyend
2. To explore the current agricultural capacitympetence and commitment of the
local farming community within the catchment sa@schieve compliance with the

environmental legislation.

1.5RESEARCH QUESTIONS

The major research questions of the study include:

1. Do the local communities within the Grootdrasand Catchment have sufficient
knowledge on the threats of poor agricultural mdthon the poor water quality of
the Vaal River in general and of the Grootdraai Darparticular?

2. Do farmers have sufficient knowledge on theceffit use and application of
fertiliser?

3. What are the major agricultural pollutants aifeg the water quality of the Vaal
River within the Grootdraai Dam Catchment?

4. What is the level of effect do these pollutamase on the quality of water quality

within the study area?

1.6 OBJECTIVES

The specific objectives of the study are;
1. To determine what the local communities within tBeotdraai Dam Catchment
know and feel about the water quality of the VasieR
2. To determine the major type of fertiliser that $2d by the farming community,
3. To determine the extent to which agricultural at#g contribute to poor water
quality of the Vaal River and the Grootdraai Damg a
4. To determine the competence and commitment ofdbal farming community to

achieve compliance with environmental legislation.

1.7DESCRIPTION OF THE STUDY AREA

The Grootdraai Dam Catchment (GDC) is located m hleadwaters of the Vaal River, in

Mpumalanga Province, South Africa. Described a&shbartbeat of South Africa, the Vaal
5



River water system is essential to human life,agpure, industry, aquaculture and an entire
aguatic ecosystem. The Grootdraai Dam, the temgest dam in South Africa, is situated in
the upper reaches of the Vaal River less than 10astream of Standerton. The Grootdraai
Dam has a catchment area of 8 195°ka mean annual precipitation of approximately
750mm, a mean annual potential evaporation atadhe site of 1 400mm and a natural inflow
of 580 million n¥/a. The full supply capacity of the reservoir 843million n, making it a
0.7 MAR dam (Midgleyet al, 1994). The Grootdraai Dam is one of the maijtmaetions for
recreational activities such as boating, canoeswgmming and fishing which bring in
revenue from visitors wishing to see the dam arjdyethese activities. Bass fishing in the
dam is very popular amongst the locals. Howeves, water quality of the dam has been

degrading due to an increase in agricultural n@mtgsource pollution (NPS).

The landuse of the Grootdraai Dam Catchment (GBQhiaracterised by agriculture, coal
mining and power generation at the Tutuka, CamaehMajuba Power Stations. The dam
supplies water to Sasol Secunda and the TutukaPstagon. The supply from Grootdraai
Dam is supported by transfers of water from theilt@ek and Heyshope Dams (DWA,
2009). The land use of the Grootdraai Dam Catchni@DC) is heavily altered due to
human activities, exposing its waters to the impaaft agricultural NPS pollution. The
industries and mining activities in the catchmelsbacontribute to the poor water quality

problems of the dam.

1.7.1 Soils

Tables 1.1 and 1.2 give a summary of the soil type their depths within the Grootdraai
Dam Catchment.

Table 1.1: Summary of soil types within the catchment

Soil type Area (ha) %
Clay 68 523.3 15
clayey 94 036.1 24
Loam 88 914.5 21
Loam and clay 6 643 19
Sandy 5896.4 1.4
Sandy loam 1.3
Very clayey 80 862.8 18

Source: IRIR, 2005



Table 1.2 Summary of soil depths within the catchment

Soil depth Area(ha) %
Deep 92 473.6 20.2
Medium deep 66 737.7 14.6
Shallow soils 169 369.2 36.9
Steep slopes 1050.9 0.2
Very shallow soil 78 181.0 17

Source: IRIR, 2005

1.7.2 Topography
Tables 1.3 and 14 give a summary of the topograpity slopes of the Grootdraai Dam

Catchment.

Table 1.3: Summary of the topography of the catchment

Range Elevation Area (ha) %
1501-1600 282 978 61.7
1601-1700 174 557 38.1
1701-1800 1084 0.2

Source: IRIR, 2005

Table 1.4: Summary of the slope of the study area

Class Slope Area (ha) %
Level (0-3%) 345 340 75.3
Moderate (4—15%) 109 981 24
Steep (16—25%) 2 200 38.1
Very steep (>25%) 1100 0.2

Source: IRIR, 2005

1.7.3 Landuse
The landuse in the catchment is dominated by @ik temporary commercial dry land and

cultivated temporary commercial irrigation whichnstitute approximately 40% combined,
(Lekwa Report, 2005). The main agricultural atiéd in the catchment area consist of
mixed farming. This includes animal husbandryjolihconsist of beef and dairy farming,
sheep and poultry farming, while crop husbandrysirof maize , grain sorghum, wheat |,
sun flower seed and potatoes. This is practisadlynalong the Vaal River, (Lekwa Report,

2005). Table 1.5 summarises the land use witharsthdy area.



Table 1.5:Landuse in the catchment area

Land use Area (ha) %
Cultivated- commercial dry land 181 960,7 39,7
Cultivated-temporary commercial irrigation 1373,8 30
Degraded unimproved grassland 187,1 0,0
Forest plantation 1131,5 0,1
Unimproved grassland 264540,9 57,7
Urban-commercial 503,1 0,1
Urban-industrial 2139,4 0,5
Wetlands 669,6 0,2

Source: IRIR, 2005

The Grootdraai Dam Catchment (GDC) slopes gentynfabout 2 000m in the east to 1
500m in the west of the Grootdraai Dam. The pradant soil type in the catchment is
sandy loam (DWA, 2004). Figure 1.3 is a map of @BC showing the location of the
catchment in South Africa, its elevation and quzdey basins that form the catchment. The
catchment has abundant wetlands of various typéshwielp in enhancing water quality, but

many of them have also been altered for agriculitwenpromising the environmental
regulating benefits they offer.
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Figure 1.3: Location of the Grootdraai Dam Catchment in South Africa and its edevati

1.8CLASSIFCATION OF DRAINAGE BASINS IN SOUTH AFRICA

Drainage basin refers to the extent or area of \@nere surface water from rainfall, melting
snow or ice drains downhill to a single point atoaer elevation such as a river, lake,
reservoir or wetland (DeBarry, 2004). It acts darmel by collecting all the water from the
area covered by the basin and channelling it tsngles point (DeBarry, 2004). Drainage
basins are separated topographically from adjaoasins by geographical barriers such as

ridges, hills or mountains.



Drainage basins in South Africa are classified pricnary drainage regions which are further
subdivided into secondary drainage regions. Tiwmrstary drainage regions are further
subdivided into tertiary drainage regions. Tevtigirainage regions are subdivided into
guaternary drainage regions. Therefore, a quatenachment is the fourth order catchment
in a hierarchal classification system in which anary catchment is the major unit. In South
Africa quaternary catchments are the principal watanagement units, basic hydrological
units for water resources management. Hence auzatedrainage regions are the basic unit
of a drainage basin. In South Africa the quateriasins are coded as shown on the map in

Figure 1.4 which also shows the landuse typeseofatootdraai Dam catchment.
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Figure 1.4: Quaternary basin and landuse types of the Grootdraai Dam Catchment

10



As surface water flows through each quaternarynbaspicks up nutrients sediment and
pollutants. These get transported towards the wwofiethe basin (DeBarry, 2004). On
reaching the outlet of the basin, these nutrierdy affect the ecological processes along the
way and the receiving water sources (DeBarry, 200Mpdern usage of artificial fertilizers
containing nitrogen, phosphorus and potassium fiastad the mouths of most watersheds.
Hence the exit point mouths of the quaternary Isaasi® important points to study of the

effects of land usage on the quality of water ia thceiving water sources such as rivers,
dams and lakes
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Chapter 2

2 THEORETICAL FOUNDATION
2.1 INTRODUCTION

Water quality is a term used to describe the chaimiphysical and the biological
characteristics of water, usually its suitabilibyrhaintain a healthy ecosystem. Water quality
can be changed or affected by both natural prosesmsg human activities which lead to the
pollution of water bodies (DWA, 2011).

The main causes of poor water quality are the coim@ion by human and other animal
wastes, poisonous chemicals, heavy metals and dilsese can affect rain, rivers, lakes,
oceans and underground water. The major causestef pollution can be classified into
industrial wastes, domestic wastes and agriculivestes. Pollution from the latter involves
rainwater flowing as runoff from farmlands intoesims, carrying chemical fertilisers and

pesticides used by farmers (Schueller, 2000).

Water pollution is a major problem in the globahtext. It has been suggested that it is the
leading cause of deaths and diseases worldwidek,(R@06). In addition to the acute
problems of water pollution in developing countri@sdustrialised countries continue to
struggle with pollution problems as well. For exaenin a recent national report on water
quality in the United States of America (USA), dfet45% of assessed miles, 47% of
assessed lake acres and 32% of assessed bay aadnessquare miles were classified as
polluted (Schueller, 2000).

Pollution of rivers, lakes and aquifers from dontesind industrial waste water discharge,
mining runoff and agrochemicals is now a growinge#t to water resources in most
countries in Southern Africa. The quality of watempplies in the Southern African
Development Committee (SADC) region, once takengi@nted, is becoming the focus of
major concern. Due to increased urbanisation & 8outhern African Development
Committee (SADC) region, expects say that moshefdities have not been able to develop
basic utilities for water and environmental sersi¢eolid waste disposal systems, sewage
treatment and agricultural pollution control) teepepace with rapid population growth (Cillie
& Coombs, 1979).
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In South Africa it is estimated that water demarntl @xceed available natural supplies by
the turn of the 21st century (Cillie & Coombs, 1978 problem already evident as South
Africa is classified as a water scarce country (8sh2002). This crisis is mainly caused by
low rainfall that the country receives and highesabf evaporation, the expanding economy
and a growing population whose demands for watenatoconform to the distribution of

exploitable water supplies (Oberholster, 2010)is Hmticipated shortage of water constitutes
a challenge that can only be solved by careful ipfegn and intensified research in water

management.

Water research in South Africa involves a variefygovernment departments’ statutory
bodies, industries and universities (Cillie & Co@nld979). Previous studies involving
analysis of water quality in the South African afimiaystems have involved physio-chemical
and microbial assessment (Let al, 2004; Mthembu, 2004). Bio-monitoring is another
valuable assessment tool that is receiving incceasge in water quality monitoring
programmes of all types (Kennish, 1992). This Imge the use of biological response to
assess changes in the rivers. Indicators andataticspecies and communities such as fish
and algae are used for this purpose. This typanalysis assesses water quality from a
pollution and human health perspective.

Microbial assessment involves quantificatiorEstherichia col(E coli) form of bacteria and
provides an indication of the degree of faecal aommhation and the presence of pathogenic
organisms. This is very important in the conteixivater portability and safety. The Lekwa
Municipality pollution control departments, in thefiver testing programme, routinely

monitor for the presence &scherichia coland other pathogenic organisms.

The presence of different chemical concentratidee laluminium, ammonia, chlorine,
chromium, cadmium and selenium among other chemicahy be monitored in the
evaluation of water quality and the presence ohHgyels of these chemical substances
would be indicative of pollution, possibly from one any of a range of applicable industrial
and or domestic sources (DWA, 1996). Hence thiery relevant to this study which seeks
to determine the contribution of agriculture to eraguality.

Nutrient enriched (eutrophic) water systems argattarised by excessive growth of algae
and macrophytes (algal bloom). Phosphorous isdelwiaccepted indicator of eutrophic
status of water system due to its strong implicaiio the growth of algae (Van Ginkel,
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2002). High concentration of inorganic nitrogem ¢afluence eutrophication however; the
presence of sufficient phosphorous enhances thepitation effect of even low levels of
phosphorous, (DWA, 1996).

In a freshwater habitat algal growth is very ragil the death rate is also very high resulting
in the accumulation of dead organic matter folloviegdts decay. This process of decaying
consumes large amounts of dissolved oxygen in #enmand increased biological oxygen

demand (BOD) and this leads to the depletion oérsa oxygen resulting in the death of

aquatic flora and fauna (Sonali, 2011).

Biological Oxygen Demand (BOD) is a measure of #mount of oxygen required by
microorganisms to breakdown organic matter whilensical oxygen demand (COD) is a
measure of the amount of the oxygen required feakkatown of both organic and inorganic
matter (Akanet al, 2008). Mostly the evaluation of dissolved oxyd®O) content is vital

since it is essential for the respiration of alfadec organisms and hence critical to the

survival and wellbeing of the aquatic ecosystem @Q\1096).

Therefore, this study will determine the extentmioich the agriculture activities within the
Grootdraai Dam Catchment is contributing to thisusea and hence integrate all this
information to enable the problem to be tackledcaimore holistic way by all concerned
stakeholders.

2.2WATER POLLUTION DUE TO AGRICULTURAL ACTIVITIES

In the 1970s Canada and the USA undertook a progfanon- point source identification

and control for the Great Lakes Basin. Pollutimnf Land Use Activities Reference Groups
(PLUARG) did an analysis of data from rivers withire Great Lakes, at both field and plot
levels. They found out that among non-point sagiragriculture is a major source of
pollution (US-EPA, 1994). Pollution from Land UsActivities Reference Groups

(PLUARG) is of the opinion that despite billioo§ dollars spent on point source control
measures, further point source control cannot aehsny major additional changes in the
improvement of water quality, unless significaohtrol over non-point sources of pollution

are addressed effectively.

The United States of America produces nationalssied on water quality impairment by

point and non-point sources regularly. In 1986 HBA reported that 65 % of assessed river
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miles in the USA were impacted by non-point sour@¢S—EPA, 1996). Then in 1994 the
organisation identified agriculture as the leadtagse of water quality impairment of rivers
and lakes in the USA, (US—-EPA, 1994).

Of the major pollutants recorded in the rivers loé tJSA that include sediments, nutrients
like nitrates and phosphates, pesticides occupieditst four categories and all of them are

significantly associated with agricultural praciaes shown in table 2.1.

Table 1.6:Leading sources of water impairment in the USA

Rank Rivers Lakes Estuarine

1 Municipal point source Agriculture Municipal poisburce
2 Urban runoff Urban runoff Urban runoff

3 Resource extraction Hydrological modification Agiicire

4 Industrial point source Municipal point source Inttial

5 On site waste water Mining

Source: US —EPA, 1994).

To date more than 330 million acres of agricultiaad produce abundant supply of food. In
2000 the national water quality inventory reportddht agricultural non—point source
pollution, ( NPS) was a leading source of wateriguanpacts on surveyed rivers and lakes

and the second largest source of pollution to we#ain the USA (EPA, 2013).

This is largely due to poorly located or managestliieg operations, overgrazing, ploughing
too often or at the wrong time. It was also duexoessive or improper use or poorly timed

application of fertilizers and pesticides.

In The Netherlands irrigable land accounted for rapimnately 29% of the utilized
agricultural area (UAA) in 1995 (Pierrt al, 2013). Environmental problems associated
with the use of water by agriculture constitutegmigicant part of the UAA in Europe (Pierre
et al, 2013). Water contamination by nitrates is aanapuse of concern associated with
agriculture. This is because of the fact thatatéts are highly soluble. The Netherlands
reported a substantial amount of contaminationrofigd water by nitrates, (FAO, 1996). In
The Netherlands agricultural non—point source actamifor 71% of nitrogen load generated
within the country (FAO, 1996). Between 1992 arg9d over 65% of the rivers in the
European Union had average annual concentratioreeding 1mgN/L, (Pierret al, 2013).
About 15% of these cases were above 7,5mgN/L. Hibkest concentrations have been

recorded in Northwest Europe where agricultureaisigularly intensive (Pierret al, 2013).
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Agriculture is responsible for 60 % of the totalaiine flux of nitrogen to the North Sea and
25% of the total phosphorous loading. In Czech@dt@ it was reported that agriculture
contributes 48% of the pollutants of surface wai@a0O, 1996). Norway and Finland
reported a significant eutrophication of surfaceens arising from agricultural non—point
source pollution. The extensive use of large dtiast of nitrogen and phosphorous
fertilizers is thought to be responsible for theliieration of algae in the Adriatic and similar
information has been recorded in the Danish coasitérs (FAO, 1996). Danish statistics
indicated that manure contributes at least 50%hefléaching of inorganic nitrogen (FAO,
1996).

A study by FAO reported that 50% of the shallowuwyrd water wells supplying over one
million rural residents in Lithuania are not fitrfbtuman consumption because of a wide
range of pollutants like pesticides and nitrateA@F1994). The ECE, (1992) calculations
indicated that livestock wastes accounted for ayprately 30% of the total phosphorous

load to the European inland waters, rest of thealjure accounting for further 17%.

A study by Ryding (1986) demonstrated how lakesctvhwere not affected by industrial or
municipal point sources underwent long term chamgenutrient status as a result of
agricultural activities in the watershed. Betwd@®7Y3 and 1981 the nutrient status of Lake
Oren in Sweden increased from 1000mg/m3 for totalogen and from 10mg/m3 to
45mg/m3 for total phosphorous. Lake transparencglirg®l from 6.2m to 2,6m and

increased algal blooms.

In South Africa about 12 % of the landmass is arddohd (Blaine, 2013). About 1.5% of this
landmass is under irrigation producing 30 % ofdbentry’s crops (Blaine, 2013). Vast land
has been altered for crop production, resultingnnncrease of nutrient laden runoff which is
causing high concentrations of nitrates and phdsghato water systems. Excessive
amounts of nutrients are delivered from cultival@ad to streams especially in areas with
poor land management practices (Jacksbal, 1986; Carpenter et al., 1998, Vaddsal,
2008; Diebekt al, 2009). According to Stone et al. (2003) nompsburce (NPS) pollution
from agriculture may occur when nutrients are aupht rates greater than crops can utilize
or when timing of nutrient applications occurs ilose proximity to heavy rains. High
concentrations of nutrients in water cause algabiis and eutrophication, degrading aquatic

ecosystems and impair water use by humans and aslesr(Sharplegt al, 1994; USEPA,
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2000). Inappropriate agriculture practices intgnsifosion processes raising sediment input
into water sources reducing water levels of resgesvo Increased sediment loads make
drinking water treatment more difficult while alaffecting fish and macro-invertebrates. As
a result agricultural runoff is impacting negatwen the water resources of South Africa
(Burger & Nel, 2008; CSIR, 2010).

2.3 EFFLUENT CHARACTERISTICS AND WATER QUALITY

2.3.1 Plant Nutrients

Plants require food in the form of macro and micutrients for their growth and
development (Uchinda. 2000). For the effectivdisatiion of these nutrients optimum
conditions must be maintained. Macro nutrientsthose that are essential to plant growth
and development and are needed in large quantifiéese include elements like nitrogen,
phosphorous and potassium among others. Micraoemigrare those that are needed by the
plants in minute quantities, however, they alsoy péa vital role in plant growth and
development. Some of these micro—nutrients inclemger, magnesium, and zinc, among

others.

2.3.2 Nitrogen

Nitrogen is one of the nutrients that are very esakto plant growth and development. It
exists in various soluble forms namely ammoniurtrate, nitrites and urea (NRMED, 1996).
Nitrogen that is formed by biological nitrogen fikan within the roots not used by the plant
is released into the soil and converted into retrattrogen as roots die (Daniel al, 2007).
Nitrogen is present in the soil in many differentms like gas (BY; as various oxides of
nitrogen, such as nitrate (NOand nitrite (NQ); and as ammonia (NJJ amines (formed
from ammonia), or ammonium (NH Organic matter is a major storage area fooogén.

In fact, in most soils, more than 95% of the nigngs present in the form of organic matter,

(Daniel et al, 2007). Figure 2.1 shows the nitrogen cycle.
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Nitrogen plays a major role in plant metabolismitagixes with carbon, hydrogen and
oxygen to create amino acids which act as builditecks for protein synthesis, which
promotes plant growth (Uchinda, 2000). It is alseded to hasten crop maturity and
promote fruit and seed development in plants (Tyck899). Farmers apply nitrogenous
fertilisers to increase yields to meet the demdrti@ever growing population (Lory, 1999).
However, not all the nitrogen is used up by plagsome is absorbed and attached to soils
and moved with the soil to water bodies during iemms Ammonia and nitrates are soluble
and hence are mobilised through the soil profilgrnoundwater during rainy periods by the
process of leaching (NRMED, 1996).

2.3.3 Phosphorous

The other macro-nutrient required by plants is phosus, which also exists in various forms
in the soil. These include apatite phosphorus (AR)n-apatite inorganic phosphorus
(NAIP), and organic phosphorus (OP) and dissolwddlde reactive ortho-phosphorus (SRP)

(Lory, 1999). Figure 2.2 shows phosphorus cycle.
18



---m= Losses

P]lﬂﬂphﬂl'lls C}'de — Inputsand Moy ement

Remnta,lrin"'-
animal products

i
Remov al amd
red istribution in
Phogphorus dlageafd hay
F ﬂitisr 3

Surface runoff
5 =

E ros~lun of
soil pif'ﬁ cles

available .

%/r
eadily

: Leaching 4 o
available LY

Tnavailable
or ‘Fixed' P

Figure 1.6: ThePhosphorus Cycle
Source: Uchinda, 2000

Phosphorus plays a vital role in plant productidhis a constituent of nucleic acids (RNA
and DNA), phospholipids and Coenzymes (Tucker, 1998is also known to activate Co-
Enzymes for amino acid formation and also playsagonrole in energy transfer and storage

as ADP and ATP (Uchinda, 2000). Phosphorus caahbserbed into soil particles and be
transported as erosion material to surface watery(11999).

The presence of both nitrates and phosphates ierviatdies results in the degradation of
water quality. This normally is achieved througke process of eutrophication. This results
in increased algal growth, reduced water clarityowr and bad taste of water and water
treatment problems (Lory, 1999). Increased algaivth may lead to reduced oxygen levels
in water, thus leading to fish death and ecolodieddnce deficiencies of the river system.

2.3.4 Pesticides
Pesticide is a composite term used to define ahbals intended to prevent, destroy or

repel pests and pathogens (NRMED, 1996). In alfuicu these include insecticides for
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insects, herbicides to control weeds, fungicidesfémgi and rodenticides for controlling

rodents.

Irrigation requires the modification of land ancethydrological regime which creates a
habitat that is conducive to breeding insects, magquitoes which act as vectors for diseases
such as malaria. The continuous application of sxctertiliser may also trigger the
exponential growth of weeds. This in turn then rezpithe use of large volumes of pesticides
to control weeds as the insects may drasticallyagedhe yield if left uncontrolled. These
pesticides may find their way into surface wated gmoundwater through surface water
runoff or leaching respectively, depending on tlod properties and the slope, type of

pesticide used and the timing of the application.

The introduction of pesticides in groundwater aifaste water results in the contamination of
water, which may travel far from the original seesc This may result in increased water

treatment costs. Besides these pesticides aredoglitcnay cause death to aquatic life.
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Chapter 3

3 RESEARCH DESIGN AND METHODOLOGY
3.1INTRODUCTION

The study aims to estimate the contribution of @adtural activities to the poor water quality
of the Vaal River, and to explore the current agtizal capacity, competence and
knowledge on the use and application of fertiliselence in this chapter the research design
and methods that were used during this researcHiscassed. The relevance of the chosen
design and methods is also highlighted. The fiestisn describes the research design while
the second section outlines the methods that wepoged during the study.

3.2RESEARCH DESIGN

This section discusses the two designs that weeeted for this particular study. Each aim
or objective had its own appropriate design begeduor it. The two major designs that

were employed in this study are the ex- post fagsearch design and the survey design.

3.2.1 Ex-post factor research

To determine the correlation between agricultufueft and its contribution to poor water
guality in the Grootdraai Dam the ex-post fact@each design was selected. This design is
defined as research in which the independent Vaer@bvariables have already occurred and
in which the researcher starts with observatiorthef dependent variable or variables. The
independent variables are then studied in retradpectheir possible relations to and effects

on the dependent variable or variables (Kerling864).

This research design can be used to substituteeaekperimental research (Simon & Goes,
2013). Ex-post factor research design can be wustabt hypothesis about cause and effect or
correlation relationships. This design shares sbasc logic of inquiry with experimental

design.

It is characterised by:
» Explanation of a consequence based on antecededlitioos
= Determination of the influence of a variable ontheo variable.

= Testing a claim using statistics hypothesis tedafniques.
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» Uses data already collected, but not necessarilgsaed for research purpose.
However this method has its limitations which irt=u
= Non randomization assigned to treatment hence ekl be inherent confound
in the variables studied.
» Sample cannot be considered random hence gengaalisaf the findings is
limited
= Little information about any drop outs from theatr@ent is known (Simon & Goes
2013).
The advantage in using this research design irsthidy is that the data was already collected
and hence obtaining permission to conduct the stmdy less involved (Simon & Goes,
2013). This constituted secondary data which icmesd as data or information that was
gathered by someone or institutions for other psepothan the one currently being
considered for (MacCaston, 2005). As such the médion had already been collected by the

Department of Water Affairs.

3.2.2 Survey design

To explore the current agricultural capacity, cotepee and commitment of farmers to
achieve compliance with the environmental legistatihe cross—sectional survey design was
chosen. A survey design is defined as the assesshéhe current status, opinions, beliefs
and attitudes by questionnaires or interviews framknown population (McMillan &
Schumacher, 2001). According to McMillan and Schcinea (2001), a survey design
involves the selection of the samples of the redpots first before administering

guestionnaires or conducting interviews

The cross—sectional survey design involves theectin of data at a point in time from a
sample selected to represent a larger populatibhe choice of this specific design was
informed by the choice of data that needed to lileated from the population group. In this
type of design there was a great potential to gdiser to a larger population as an
appropriate sampling design was implemented (Mqu&901). Insufficient depth and
insider perspective may have led to criticism afrface level” analysis according to Mouton,
(2001).
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3.3METHODOLOGY

For this research the predominant methodology &dobptas quantitative methodology.
Quantitative methodology is regarded as a prodessd systematic and objective in its ways
of using numerical data from only a selected sulygrmaf a universe to generalise the findings
to the universe that is being studied (Maree & Retg 2013).

3.4SOURCES OF DATA

3.4.1 Laboratory analysis

Water samples from the Grootdraai Dam were colteetad analysed by the Department of
Water Affairs (DWA). The parameters analysed weke Nitrates (N@N) and Nitrites
(NO2-N) for Nitrogen and Phosphorus for agriculturaltrients and turbidity. These

parameters were analysed for water samples.

3.4.2 Rainfall and discharge data

Rainfall and temperature data was obtained from Soeith African Weather Services
(Appendix 9 and 10) respectively. Discharge data wallected from DWA. The data was
used to analyse and correlate water hydrologicginme and concentration of agriculture

nutrients on the Grootdraai Dam.

3.4.3 Maps

The map showing the location of the Grootdraai B@aichment and the Vaal River shown
in Figure 3 was created from datasets obtained fational Geo-Spatial Information (NGI).
The landuse/cover map was derived from the Natibaald Cover 2000 data set developed
by the Satellite Application Centre (SAC) of The udoil for Scientific and industrial
Research (CSIR, 2003). A map of the area of thmlzasl landuse of the catchment was also
developed from data obtained from the National Gpatial Information (NGI). The datasets
were very useful sources of information for thelgsia of agricultural non-point source

pollution.

3.4.4 Observation

A systematic observation method was chosen to dettog behavioural patterns of algal
blooms within the Grootdraai Dam and its two trdmgs. A structured observation method
was chosen. Monthly observations were made oW #at River (mainstream) and two of its
tributaries (T1 and T2). The parameters that vebxserved were (a) the presence or absence
of algal blooms, and (b) the quantity or amounalgil blooms.
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The amount of algal blooms was divided into thragories which are:

* Minimum growth.

= Medium growth

= Maximum growth
This was done to enable the classification of tbeuoence of any algal blooms observed.
During each time photographs were taken of the saargreas for observation (Figures 4.4-
4.9). The photographs were used as evidence andofeglating rainfall pattern and algal

bloom in the major stream and the two tributaries.

3.4.5 Questionnaires and personal interview

An interview is described as a two—way conversatowhich an interviewer asks questions
to the participant so as to obtain required infdramaon a desired subject (Nieuwenhuis,
2013). Aninterview is therefore a useful techmig providing data that cannot be obtained

through observations such as opinions and beliefs.

For this study questionnaires were administeredl@ofarmers (Appendix 1 and 2), to
determine the type of land use is predominant, estdblish the types of fertilisers used by
farmers and the knowledge farmers have on the fusgtiisers. Through random sampling,
a sample of 16 commercial farmers was selecteéhterviewing. The commercial farmers
were selected and interviewed at the Agriculturaictfon Centre where all commercial

farmers meet every Friday.

A questionnaire was also administered to the LeKMuanicipality Water Department
management, (Appendix 4). In this case no samptiethod was applied as management
was the target group for interviewing. Data on Htate of affairs of the Vaal River,
frequency and parameters are tested for as wath@storing instruments for monitoring

farmers operations along the Vaal River was cadig.ct

A guestionnaire was administered to the local peopiStanderton, (Appendix 3). A sample
of 30 residents drawn from the high and low denargas was selected by using a random
sampling method. Data on the quality of water $edpby the Lekwa Local Municipality
and their understanding of water quality was cetdldc Interviews with local residents was
conducted to establish the opinion of residentdhenquality of water and to assess their

awareness of causes of water pollution.
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3.5DATA ANALYSIS PROCEDURE

The selection of data analysis method is a keyofaatachieving the aim and objectives of
the study (Johnson & Gray, 2010). In this stutlg, ¢onstant comparison method was used.
According to (Coheret al, 2007), this method allows for the comparisoniraficators,
categories and theories that have been developidpwimary data to achieve a perfect fit

between categories and data.

3.5.1 Quantitative analysis

Data obtained from DWA was analysed quantitative{yorrelation methods were used to
establish the relationship between rainfall withine catchment and the concentration of
agriculture nutrients in the Grootdraai Dam. Ad&mt t-test was used to determine the
significance between the means of the first andrsdodecades for both nitrogen and
phosphorus. Descriptive statistics such percestagere used to analyse information
obtained from survey questionnaires and frequeridgralizer application. Graphical and

tabulation methods were also used to summarise data

3.6 TRUSTWORTHINESS

Credibility is used in qualitative research to refie the correspondence between what the
participants said and how interviewer portraystipgints of view. In this particular study
the credibility of the interviews was evaluateddygploying various methods which includes
consistency checks or stakeholder checks, compawgb previous research on similar topic

and independent coding as suggested by (ThomaSs).200

Consistency checks involved providing the oppottasi for stakeholders, like farmers,
participants and the Lekwa Local Municipality tonoment on the categories, interpretations
and conclusions made. This process of engagensnawontinuous process meaning that it
was done at each and every stage throughout thg. stii eliminated any irregularities that

arose during the study.

An independent coding method, which involved giverg independent coder the research
objectives and the raw data that was used to cosdégories to create his own codes, was
done as suggested by (Thomas, 2003). These were dbmpared to the one done to

establish if there was any inconsistency.
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3.7ETHICAL CONSIDERATION

During the data collection process it was of parami@mportance to get an in-depth account
of the phenomenon which required that participasit®uld be free to express their
experience. This required a mutual understandiegvéen the researcher and the
participants. Creswell (2012) suggested that toigld be achieved by informed consent
entered into between the participant and the rekear voluntary participation, right to
privacy, respect towards all the participants aadfidentiality. Before data collection an
ethical clearance certificate was obtained fromUheversity of South Africa. Once cleared,
permission was granted by the Lekwa Local Munidipaio conduct the research. The
purpose of the research was clearly explained eoptiticipants. Confidentiality contracts
were designed and entered into with the particgpaotensure that whatever information
obtained was protected. Consent forms were alsguked and sighed by the participants as

proof of their consent to be interviewed.

It was explicitly explained to the participantstbéir rights to take part or refuse or even pull-
out at any time if they felt uncomfortable to coni@ with the interview. All participants
were treated equally and with due respect theyrdede All the information obtained was

treated confidentially and anonymity was guaranteed

3.8LIMITATIONS OF STUDY

There were some gaps on the data that was obtamedDWA. Data was not consistent in
the collection of samples and consequent analysis mot uniform. There were months
without or with incomplete data, hence this madeifficult to calculate the means for each

year.

Data for pesticides analysis was not readily abélafrom DWA. Hence the only
information obtained was from the survey from farsnen the frequency and application of

pesticides.
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Chapter 4

4 DATA ANALYSIS AND RESULTS
4.1INTRODUCTION

To further substantiate the physical-chemical prige of water in the Vaal River within the
study area and their possible causes a survey waa®d out on the local residents of
Standerton, the Department of Water Affairs in LakMunicipality and the local farmers.
The survey was based on a number of parametercoldd affect the physical-chemical
properties of the quality of water such as typdaoming, types of fertilisers used and their
frequency of use and any control measures implezdeon their use. The legislation that
governs the protection of the environment and wagsources within the study area was also

implored. Therefore, this chapter presents antysesiall the findings in this regard.

4.2 FOUL SMELL ON WATER SUPPLIED BY LEKWA MUNICIPALITY

Residents were asked if they had at any pointne tdetected any foul smell from the tap
water supplied by Lekwa Municipality. The resudfsthat survey indicated that 80% of the
sample population confirmed having detected a &méll on tap water and 20% did not

detect any foul smell on the tap water.

Furthermore the sample population was asked to giv@pinion on the quality of water
supplied by the municipality. About 54% of the gdenpopulation rated the water as of poor
quality while 17% rated the water as of good quaitd 29% was unsure if the water was of

poor quality or not.

On the observation of green algae in any sectidghei/aal River within the study area 57%
of the sample population confirmed having obsenyexen algae growing in the river while
43% had not observed any form of algal growth wittlie Vaal River at any point in time.
About 51% of the population confirmed having obsendead aquatic animals such as fish
within the Vaal River while 49% did not observe alead organisms at all.

The Lekwa Municipality water department acknowledigbat the quality of water in the
Vaal River was generally deteriorating. Howevex thason given for the poor water quality
was a dysfunctional or poor sewer treatment quaktyks. The Lekwa water department

pointed out that nutrient testing and analysis lobgphorus and Nitrogen was not done or
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carried out by Lekwa Municipality and as such thenmipality was not responsible for any

such tests and analysis on the Vaal River in theysarea.

Questions on the environmental legislation goveyniarmers operations along the Vaal
River catchment area were not answered by the Dapat of Water Affairs and the same
was done for the questions on any visits paid tméas to monitor and ensure compliance.

4.3TYPE OF FARMING IN THE GROOTDRAAI DAM CATCHMENT

Agriculture has many sub-sectors such as animddngsy, crop farming, horticulture

and etc. Most farmers in the Grootdraai Dam Cataftrpractice mixed farming that is
they practise both crop farming and animal husbandfixed farmers constituted 56%

of the sample population. About 31 % of the fasnerthe study area practice animal
husbandry only while 13 % are limited to plant oo production as indicated in table
4.1 which shows the types and percentage représentd agriculture types practiced in

within the study area.

Table 4.1: Types of agriculture practiced in the catchment

Type of farming Frequency (%)
Animal husbandry 5 31
Crop farming 2 13
Mixed farming 9 56

4.4DISTANCE OF FARMS FROM THE VAAL RIVER

In a survey conducted to determine the distandarofs from the river it was established that
about 56% of the commercial farms in the study aeslocated very close to the water
bodies, within a distance of 0 to 5km from the riv& his information is also supported by
the visual observations made during the study deribigures 4.1 and 4.2 show how close

some farms are to water bodies.

The distance between the farmlands and water-bédisdeen gradually reduced as can be
appreciated in Figures 4.1 and 4.2. This coulddused by the need to produce more food to
meet the demands of the ever increasing populaiémee leading to the gradual destruction

of buffer zones.
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Figure 4.1 Shows how close farms are to the Vaal River in Standerton area
(Photo taken in February 2014)

Figure 4.2: The non-existence of buffer zones in some farms in Standerton
(Photo taken in February 2014)
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However 31% of the commercial farms are within Bken to 10km distance from the river.
About 13% of the farms are located within the 10tanl5km distance from the river as
indicated in the Table 4.2. However there are tilmutaries that pass through those farms
and join the Vaal River within the study area.

Table 4.2: Average distance of farms from the Vaal River witthe

catchment
Distance of farm from river Frequency (%)
(km)
Oto5 9 56
5to0 10 5 31
10to 15 2 13
Over 15 0 0

4.5TYPE OF FERTILISER USED BY FARMERS IN STANDERTON

Farmers use a wide variety of fertilisers to enlegplant or crop production. However most
of the farmers that were sampled were unable te tjie exact name of the type of fertiliser
that they use in their farms. Instead they usedotickaging to describe the type of fertiliser
they use. Figure 4.3 indicates the type and frequef the fertiliser used. Figure 4.3 also
shows that the most commonly used fertiliser iso0BE® and Sasol 434. This information

was also verified with fertiliser retail store AFGR Standerton, who confirmed through

their sales records that Sasol KN and Sasol 43diders had the highest sales per month.

Figure 4.3 shows that most sampled farmers prefas¢ Sasol KN and Sasol 434.
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Figure 4.3: Fertiliser used by farmers in the Grootdraai Dam Catchment in 2013



An analysis of the contents of each fertiliser wase to establish the amount of nitrogen and
phosphorus is contained in each type of fertiliskable 4.3 indicates the amount of nitrogen

and phosphorus used in the study area.

Table 4.3: Amount of N and P in different fertilisers usedfaymers in the catchment
Amount of Nitrogen Amount of Phosphorus

Name of fertiliser

(9/kg) a/kg
Sasol 321 125 83
Sasol KN 280 -
Ammonium Sulphate 210 -
Sasol 434 120 90
Sasol 232 63 94

Manure -

Table 4.3 also indicates that almost all fertisseontain both nitrogen and phosphorus.
Sasol KN however has the highest amount of nitragmrtent of 280g/kg while Sasol 232
has the highest content of phosphorous of 94g/kg.

4.6 AMOUNT OF FERTILISER APPLIED PER HECTARE

Farmers seemed to have different amounts of faatihey apply per hectare. About 50 % of
the sampled farmers apply between 0 to 100kg dafiser per hectare, twice every farming
season as shown in Table 4.4. 12.5% of the faromesbetween 100 to 200kg of fertiliser
per farming season. The same percentage of 12%%ed for the range of between 200 and
300kg and over >300kg per hectare every farmingsea

Table 4.4: Average amount of fertiliser applied by farmers pectare
Amount of fertiliser applied per ha

(kg) Frequency (%)
0-100 8 56
100-200 2 12.5
200-300 2 12.5
Over 300 2 12.5

4.7DURATION OF APPLICATION OF FERTILISER ON FARMS

About 31% of the commercial farmers in the studgaahave been applying fertiliser for
between 0 to 5 years. These are generally youngefa who have recently taken over their
family farms.
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Meanwhile, 25% of the farmers have been usinglietifor the period ranging from 5 to 10
years. About 19% of these farmers have been usntigjsers on their farms for a period
ranging from 10 to 15 years, while 6.25% have ufgtlisers for more than 15 years.

However there is a 19% that does not use any fdrfiertiliser at all as shown in Table 4.5.

Table 4.5: Average time of fertiliser application by farmers
Duration of fertiliser application

(years) Frequency (%)
0-5 5 31
5-10 4 25
10-15 3 19
Over 15 1 6
Non application 3 19

4. 8KNOWLEDGE OF FERTILISER APPLICATION

About 19% of the farmers sampled did not have cigffit knowledge on the application
requirements or fertiliser specifications, whileodrer 19% of the farmers were not sure of
the application methods and quantities. Bearing th mind it can be stated that
approximately 38% of the farmers do not have suifit knowledge on the application of
fertilisers, like how much to apply per hectarandi of application and frequency of
application. However, 62% of the sampled farmeasehsufficient knowledge on the

application of fertilisers as shown in Table 4.6.

Table 4.6:Knowledge of fertiliser application among farmer2013
Knowledge of fertiliser Frequency %

application

Insufficient 3 19
Sufficient 10 62
Not sure 3 19

4.90BSERVATION OF THE VAAL RIVER AND ITS TRIBUTARIES

During the duration of the study the Vaal River awad tributaries that join the Vaal River
within the study area were observed for any presehalgal blooms or algal growth and the
colour of water.

The results indicate that on Tributary 1 (T1) theras hardly any algal bloom that was
observed during the first two months. HoweverpfriMarch to June 2013 there were algal

blooms that started showing up. During the mowthduly to December 2013 there was an
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abundance of algal activity that was observed dedated by the two figures below. Figure

4.4 shows algal activity taken in March 2013 wHigire 4.5 shows algal activity taken in
November 2012.

Figure 4.4: Algal activity observed at T1
(Photo taken in March 20}3

by A S A
2 e L ‘\'—ﬁ 4

Figure 4.5: Algal activity observed at T1
(Photo taken in November 2012

33



Figure 4.7: Algal activity observed at T2
(Photo taken in October 2013

Figure 4.6: Algal activity observed at T2
(Photo taken in March 20)3

On Tributary 2 (T2) an almost similar trend to Thsvobserved. During the months of

January to March there was little algal growth obseé as shown in Figure 4.6. During the
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months of April to August there was a general in@at on algal bloom appearance while
the months of September to December had the mosidant appearance. Figures 4.6 and

4.7 also show algal activity during March and OetoP013 respectively, taken from T2.

Figure 4.8: Algal activity in the main channel
(Photo taken in October 2013

Figure 4.9: Algal Activity in Main channel
(Photo taken in April 2013
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On the main river (Vaal River) the trend was alntbstsame with that of T1 and T2. There
were very little algal blooms that were observedrduthe first three months and a moderate

algal growth pattern was observed during the mooti#soril to July as shown in Figure 4.8.

.However from the months of August to Decemberdlveas an abundant appearance of algal
activity observed as shown in Figure 4.9 taken ftbenVaal River in October 2013. As can
be observed the entire water body is covered bgl dpoms in this section of the Vaal
River.

4.10 PHOSPHORUS IN WATER

The data collected from DWA was divided into decafte analysis. During the first decade
from 1988 to 1997 phosphorus concentration in theemwas dropping during the first three
years from a concentration of 0.086mg/l in 198810@52mg/l in 1990. However in 1991

there was a drastic increase to 0.086mg/l. Themeahe concentration of P in the water
remained fairly constant. 1996 saw a sharp ineréashe concentration of dissolved P of
0.095mg/l. The average concentration measurechgitinis period was 0.0688mg/l. Figure
4.10 indicates the different concentrations of aliesd phosphorus recorded in the water
during this decade.
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In the second decade stretching from 1998 to 2@§5blved phosphorus concentration was
fairly consistent to the first decade. The highesiues of dissolved P concentration of
0.163mg/l was recorded in the years 2001 and 20&4mg/l while the list amount of
0.047mg/l was recorded in 2005. Figure 4.11 indgahe different concentrations of
dissolved Phosphorus in water during the 1988-2fade. In the year 2000 there was no
data available for the whole year and hence it wais possible to calculate any mean

concentration.
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Figure 4.11 The average annual dissolved P in the Grootdraai dam for the period 1998 to 2007

The mean concentration measured during this pewad 0.0847mg/l. A t- test was
performed on the two sets of data to establishafdifference in the means of the two sets of
data was significant or not. The results obtaiinech that t-test and the level of confidence is
shown in Table 4.7.
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Table 4.7: Student t- test for Phosphorous

Phosphorus conc: Phosphorus conc: Phosphorus values Phosphorus

mg/l mg/l squared values squared
Decade 1(1988- Decade 2(1998- Decade 1(1988- Decade 2(1998-
1997) 2007) 1997) 2007)
0.086 0.076 0.007396 0.005776
0.073 0.054 0.005329 0.002916
0.052 0.065 0.002704 0.004225
0.086 0.163 0.007396 0.026569
0.063 0.055 0.003969 0.003025
0.068 0.061 0.004624 0.003721
0.047 0.047 0.002209 0.002209
0.050 0.077 0.0025 0.005929
0.095 0.164 0.009025 0.026896
0.068 0.085 0.004624 0.007225

Sum 0.688 0.847

Mean 0.0688 0.0847

Correction

factor (CF) 0.047334 0.0717409

sum of 0.049776 0.088491

squares

Standard 0.005491 0.01438024

error (SE)

Pooled 0.009936

error

Standard

emor  of 4404443514

difference

(SED)

- value 3578949

calculated

Table t 21

value

Table 4.7 indicates that the calculated t-valu.8R3 is greater than the t-value from the
table of 2.1 at 5% confidence level. This shovet the difference between the means of the
two sets of data is significant meaning that tgedence is not merely by chance but it could
be due to a gradual deposit of P into the watenfeosource within the area. It can therefore
be argued through this t test that there has begadual increase in the concentration of P in

the Grootdraai Dam over the years.

According to DWA (1996a) water quality guide lingge concentrations of P recorded are
way above the permissible concentration of 0.030§bmg/l. Therefore, the P
concentrations in the Vaal River are classifieduaacceptable according to the Vaal River

Barrage in stream water quality guidelines as shiovthe Table 4.8.
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Table 4.8: DWA water guidelines for Phosphorus (mg/l)
Permissible Phosphorous

Use (ma/l)

Domestic use none
Aquatic ecosystem 0.05
Recreational none

Source: Estie (2007)

Furthermore an average monthly analysis of phogghooncentration was done. It was
noted that the concentration of P is generally &g the months from November
(0.0866mg/l) to February (0.106mg/l). During thenths from March to July it decreases
gently reaching the lowest concentrations of 0.0§8im July. There is also an unexpected
peak in August where the concentration rises t8Zhiiy/l. Between June and July farmers
apply fertilisers on their winter crops. Duringsthime the temperatures in the study area
begin to increase as spring approaches as sho@ppendix 10). The peak in August could
be as a result of cultivation of winter crops whizneners also apply fertilisers and pesticides.
The irrigation practiced during this dry seasonsesuthe washing away of nutrients and
pesticides into water-bodies. Also the volume atew in water-bodies decreases during the
dry season due to high rates of evaporation, isargapollutant concentration in river.
Figure 4.12 shows how the average monthly concgoriraf phosphorous varied.
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Figure 4.12: Average monthly concentration of P in the Vaal River.
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4.11 NITRATE IN THE WATER

The data for nitrates concentration, just like fleatphosphorus was collected from the DWA

for the period 1988 to 2007 and also divided imto tlecades for easier analysis.

During the first decade the dissolved nitrate cotregion detected in water had the highest
value of 1.221mg/l in 1988. However between thargel 989 to 1996 the dissolved nitrate
concentration was slowly decreasing from 0.938mg/L989 to 0.730mg/l in 1994. The
nitrate concentration dissolved in water starteztaasing steadily to 1.071mg/l recorded in
1996 and 1997 as shown in Figure 4.13.
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Figure 4.13: Average dissolved N in the Grootdraai dam in the period 1988 to 1997

In the second decade there was no specific patbown by the dissolved nitrate

concentration in the water. However from 1998¢heas a steady increment from 0.756mg/I
in 1999 to 1.844mg/l in 2001. Then there was ardeard trend until 2006 where 0.727mg/I

was recorded. In 2007 another high reading of 2§/l was recorded as shown in Figure
4.14. . In the year 2000 there was no data availo the whole year and hence it was not
possible to calculate any mean concentration.
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Figure 4.14: Average annual dissolved N in the Grootdraai dam in the period 1998 to 2007

The mean for the dissolved nitrate concentratiowarer for the first decade was calculated
to be 0.9576mg/l while the mean for the second dieagas 1.004mg/l. There is a clear
difference between the two means for the two dexadeowever, a student t test was
performed on the 2 set of data, to determine if diierence between the two means is
significant or not. The results obtained from ttest and the level of confidence is shown in
Table 4.9.
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Table 4.9 Student t- test for Nitrates

Nitrogen conc: Nitrogen conc: Nitrogen values Nitrogen values
mg/l mg/l squared squared
Decade 1(1988- Decade 2(1998- Decade 1(1988- Decade 2(1998-

1997) 2007) 1997) 2007)
1.221 0.976 1.490841 0.952576
0.938 0.756 0.879844 0.571536
0.943 0.720 0.889249 0.5184
0.981 1.844 0.962361 3.400336
0.897 0.755 0.804609 0.570025
0.962 0.761 0.925444 0.579121
0.730 0.726 0.5329 0.527076
0.761 0.727 0.579121 0.528529
1.072 1.792 1.149184 3.211264
1.071 0.983 1.147041 0.966289

Sum 9.576 10.04

Mean 0956 1.004

Correction 9.1699776 10.08016

factor (CF)

Sum of 9.360594 11.825152

squares

Standard 0.0485107 0.146775717

error (SE)

Pooled 0.097643213

error

Standard 0.043667372

error of

difference

(SED)

t- value 1.0625782

calculated

Table t 2.1

value

The t-value of 2.1 shown in Table 4.9 is greatantthe calculated t-value which is 1.06.
This means that the difference between the two meanot significant although both values
are relatively high. Table 4.10 indicates the DWater guidelines for nitrates.

Table 4.10 DWA water guidelines for Nitrates

Permissible  nitrates
Use

(mg/l)
Domestic use <6 mgl/l
Aquatic ecosystem < 0.5 mg/l

Recreational
Source: Estie (2007)

No guidelines
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According to the DWA guidelines given in Table 4iL0s evident that the concentration of
nitrates is above the permissible levels for aguatiosystems. This could be owed to the
properties of nitrates. Nitrates are highly satuipl water and as such large quantities may be
found in soils and in water. According to Michaelal (1992), there are four possible causes
of nitrogen pollution. The first being pollutiohrough soil erosion resulting in sediment
deposition off the fields of origin. The secondinge nitrogen pollution from fertiliser
application, that result in runoff deposited dihgab surface water courses, and volatilisation

losses at the time of application.

A further analysis of the average monthly concdiainashowed that the concentration of
nitrates was rather higher during January, 0.73Br@/April, 0.0836mg/l. Then the
concentration begins a downwards trend until itlhea 0.523mg/l in July. However there is
a peak in August of 0.740mg/l which is difficult éxplain. Between June and July farmers
apply fertiliser on their winter crop. During thisne the temperatures in the catchment begin

to increase as spring approaches as shown in (App#&A).

The peak in August could be as a result of thevatibn of winter crops where farmers also
apply crop nutrients and pesticides. The irrigapoacticed during this dry season may cause
the washing away of agricultural nutrients and ipesds into water-bodies. Also the volume
of water in water-bodies decreases during the dasen due to high rates of evaporation,
increasing pollutant concentration in rivers. Fr@utober to December the concentration

begins a gentle ascent as shown in Figure 4.15.
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Figure 4.15: Average monthly concentration of N in the Grootdraai dam
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4.12 PHIN THE WATER

The pH data recorded from Grootdraai Dam was obtafrom the DWA. It was determined
here as one of the parameters that could be usesfléat the acidity and alkalinity of the
water in the Grootdraai Dam. Acidic or alkalinenddions may have a severe effect on the
aguatic system. In this study the pH conditionsenesed to assess the extent of pollution in

the water in relation to the fertilizer use withire study area.

In the Grootdraai Dam the pH of the water is slightkaline. For the purpose of this study
an average pH for a particular year was calculatétie results indicated that in 2010 a
minimum mean value of 7.30 was recorded. Meanwthigehighest mean pH value of 7.97
was recorded in 2013. Generally the mean pH vabiighe water in the Grootdraai Dam
were between pH 7.70 and pH 7.92 during the reshefperiod, from 2004 to 2013, as
shown in the Figure 4.16.
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Figure 4.16: Average yearly pH in the Grootdraai dam

4.13 RUNOFF AND NUTRIENT DYNAMICS

According to FAO (2013) the use of P and N in SoAthca is 1.86 and 4.27 tons per 100
Ha of cultivated land, respectively, and the fes#éit uptake by crops is 49.21 Kg/Ha. The
total N and P applied in each quaternary basinalsutated by multiplying the area of

cultivated land of a quaternary basin by the qunardf the nutrient under consideration.
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Table 4.11 shows the total nutrients used in tretarnary basins of the GDC. The sum of
nutrients used in quaternary basins gives the tai#iients used per annum in the whole
GDC. Table 4.11 also shows the excess N and Ratbatot removed from the soil by crops
and are washed away by runoff water per Ha of eattlvated land in each quaternary basin.
The excess nutrients are calculated by subtradtiegcrop nutrient uptake from the total

nutrient applied.

Table 4.1 Excess nutrients washed away from cultivated afeach basin per annum

Runoff Cultivat Runoff on Total N Total P Excess
. Area . Excess

Basin (1000 (Kn?) ed land cultivated use use (Kg/Ha) P

mé/kn) Ha land (000 ) Kg/Ha  Kg/Ha 9 (Kg/Ha)
C1l1A 75.53 720.26 13468 10172.38 57508.36 25050.59459.15 25001.27
C11F 60.38 930.59 26410 15946.36 112770.7 49122.6127211.49 49073.39
C11H 73.12 1105.19 41130 30074.26 175625.1 76501.875575.89 76452.59
C11B 65.84 535.32 9688 6378.58 41367.76 18019.68318L55 17970.47
C11G 4457 432.42 14100 6284.37 60207 26226 60957.7 26176.79
C11K 59.68 340.81 14702 8774.15 62777.54 27345.72728.33 27296.51
Cl11E 62.68 1156.41 31557 19779.93 134748.39 58896.034699.18 58646.81
C11J 53.02 1002.45 27121 14379.55 115806.67 50845.015757.46 50395.85
C11D 64.58 372.19 7104 4587.76 30334.08 13213.44284887 13164.23
Cil1iL 58.73 948.98 38555 22643.35 164629.85 71712.364580.64 71663.09
CilicC 91.84 449.27 6691 6145.01 28570.57 12445.26521286 12396.05
Total 984346 428778.4 983804.7 428237.1

Using the excess nutrient of each quaternary bakiown in Table 4.11, the total nutrients
that are finally washed away by runoff water in gaaticular quaternary basin is calculated
by multiplying the area of cultivated land of thasin by the excess nutrient ( as shown in

Equation 4.1) and the results are shown in Taldl2.4.
Npor = Ae X Ney, [4.1]

where Ny is total nutrients washed by runoffe & area of cultivated land in a basin ang N

is the excess nutrient

Table 4.12 also shows the total dissolved nutriemtsinoff water in each basin, which is
obtained by dividing the total nutrient washed awsythe annual runoff that flows over the
cultivated land of each basin. The dissolved aaotd washed away by runoff water per
annum in each quaternary basin are given in Taldl2, &4s well as the total for the whole
catchment.
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Table 4.12 Total dissolved nutrient washed away by runashircultivated lands annually

Total N Total P Dissolved Dissolved P Dissolved Dissolved P
washed away washed away N in Runoff in  runoff N in runoff in runoff
(ton) (ton) (t/m3) (t/m3) (mg/l) (mg/l)
773859.83 336717.1 0.08 0.03 7607.46 3310.11
2976974.6 1296028.2 0.19 0.08 18668.68 8127.42
7221436.4 3144495 0.24 0.1 24012.02 10455.77
400294.11 174097.91 0.06 0.03 6275.6 2729.41
848224.84 369092.74 0.13 0.06 13497.37 5873.19
922231.91 401313.29 0.11 0.05 10510.78 4573.81
4250702 1850717.4 0.21 0.09 21489.98 9356.54
3139458.1 1366785.9 0.22 0.1 21832.8 9505.07
215143.72 93518.69 0.05 0.02 4689.52 2038.44
6345406.6 2762970.4 0.28 0.12 28023.27 12202.13
190836.42 82941.97 0.03 0.01 3105.55 1349.75
Total 159713 69521.64

The average yearly nutrients in the Grootdraai Baencalculated from measured N and P
guantities found in the water of the dam. The lyelrand P averages are calculated from
measured data for a period of 20 years, as showabhie 4.13. The yearly nutrient averages
were used to calculate the average annual nutrierke Grootdraai Dam as shown in Table
4.13. Average annual P measured in the Groot@ramai are calculated at 0.077 mg/l and yet
the permissible limit for P in water is 0.005 mg{lerage annual N measured in the dam are
0.981 mgl/l, yet the permissible limit is 0.040 mgflherefore, agriculture nutrients found in

the waters of the Grootdraai are very high, compsorg the water quality of the dam,

affecting its multiple uses.
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Table 4.13: Measured average annual
dissolved agricultural nutrients in the
Grootdraai Dam (mg/l)

Year P N
(mg/l) (mg/l)

1988 0.086 1.221
1989 0.073 0.938
1990 0.052 0.943
1991 0.086 0.981
1992 0.063 0.897
1993 0.068 0.962
1994 0.047 0.730
1995 0.050 0.761
1996 0.095 1.072
1997 0.068 1.071
1998 0.076 0.976
1999 0.054 0.756
2000 0.065 0.720
2001 0.163 1.844
2003 0.055 0.755
2004 0.061 0.761
2005 0.047 0.726
2006 0.077 0.727
2007 0.164 1.792
2008 0.085 0.983
Total 1535 19.616
Average 0.077 0.981
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Chapter 5

5 DISCUSSION
5.1INTRODUCTION

There are a number of important environmental agrdreomic factors to be considered in
dealing with water pollution. Together these fastm the long run affect the quality of
water in rivers, lakes and dams. Some of thesgeriainclude climatic conditions, such as
the amount of rainfall the area receives, soil props, type of agriculture practised, type of
crops and water management among others. Hence thea need for a thorough
understanding of the interaction of these factbvgaiter pollution can be effectively reduced.

In this chapter the results obtained will be disealsand critically analysed.

5.2AGRICULTURE NUTRIENTS IN WATER

5.2.1 Nitrates

To better understand the dynamics of nitrates & whaters of the Vaal River the data
obtained from the DWA was grouped into two decadBse first decade stretches from 1988
to 1997, and the second decade stretching from 1®2807. As explained in section 4.11
the nitrate concentration in the water was gengetatih, ranging between 0.73mg/l in 1994
and 1.22mg/l in 1998.

The high concentration of nitrates in the Vaal Rigeincides with two very crucial periods
of the cropping season in the commercial farmdralis concentration is high from October
to April and this corresponds with the farming seas During this period, commercial
farmers start planting and hence it is during thnse that they start applying fertilisers to
their farms. This could probably be the cause lé bbserved high trends in the
concentration of nitrates. The second event iBnaatic one. During this period the study
area also experiences a gradual increase in theirdnud rain received generally above
70mm from October through to March. Since nitrates highly soluble in water the
probability is very high that not all of the fersiér applied during this period is absorbed by
plants as intended. Some of this fertiliser isbatdy washed by surface runoff directly into

the water, increasing the concentration of nitratgbhe water as observed and analysed.
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According to Johnson, (1987) plants only use 50-@%he amount of applied fertiliser.
The remainder is either transported by erosioruapif which could be responsible for the

trend observed in the Vaal River.

In normal circumstances where nitrate concentratame found in permissible levels they are
good for plant nutrition and are responsible fdrealthy aquatic system. However, in higher
concentrations it has the potential to cause tessginchronic in nature, in extreme cases
cyanosis and difficulty to breathe may occur intleoted infants (DWAF, 1996g). Higher
concentrations of nitrates, together with phospghatay cause nutrient enrichment to water
bodies thereby stimulating growth of algae whichyrha associated to bad odours and poor
water taste (DWAF, 1996q9).

5.2.2 Phosphorous

Normal level of Phosphorous concentration is neagsir plant and animal growth as it
stimulates growth of biota leading to an increasednsumer populations such as fish hence
leading to an improvement in the water body’s duaif life. However, levels higher/above
the tolerable concentration may have detrimenfacef on aquatic system, like accelerating
algal bloom and water weeds leading to a depletioavailable oxygen (DWAF, 1996a).
According to Sawyer, (1947) and Vollenweider, (1P&8irface water concentrations of
inorganic P and total P between 0,01mg/l and 0,02rate considered critical values above
which eutrophication is accelerated. Bearing ithisiind the concentration levels recorded in
Grootdraai are way higher than the above critiedlies, making the Vaal River highly prone

to eutrophication.

Just like nitrates, higher phosphorous concentrataxcur during the period from October to
March. This could possibly be as a result of fasragplying two much fertiliser during this
period, leading to an increase of these nutriemtthé soil. It is during this period when
rainfall season begins and according to Shaeplgl (1992) export of P in runoff occurs in
particulate and dissolved forms eroded during flewents. This constitutes a major
proportion of transported form of nutrients fromltmated land. As a result it is highly
probable that the higher concentrations observemglihe periods of higher rainfall could

be as a result of this form of transport.
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5.3FERTILIZER USE

The study has observed that commercial farmerdénstudy area, the Grootdraai Dam
Catchment, use a variety of fertilisers. This aba variety of fertiliser as shown in Table 9
is an indication that large quantities of fertiizare being used at Standerton farming
community. Figure 9 shows that the most commomskgdufertiliser is Sasol KN and Sasol
434. An analysis of the contents of each fertilisged showed that Sasol KN has the highest
content of Nitrogen of 280g/kg, while Sasol434 Bhafg/kg. Hence the continued use of
these fertilisers could lead to nutrient enrichmarthe soils and consequently water bodies.

Fertilisers are applied routinely during the fargigeason. Most farmers indicated that they
apply fertilisers during the beginning of the segdmetween October and November and then
thereafter application is per need. However ndtaamers knew which type of fertiliser they
were using on their farms. This shows that farnesk knowledge on the basics of fertiliser
application and use. Most of the farmers, abodb,68ave been applying fertilisers in their
farms for over 5 years. This could probably explhie high concentration levels of nitrogen

and phosphorous in the water.

In most of the farms it was observed that applocatf fertilisers is done by farm workers
who are not trained in handling and applicatioriesfilisers. This practice could easily lead
to excessive use of fertiliser. There is a lackgficultural extension workers to visit farms
regularly to advice, train and monitor the farm kess or farmers to effectively use
fertilisers. In general the farmers rely on diffetr sources of information for information on

the use and application of fertilisers.

Excessive use of fertiliser leads to soil and watellution. This can lead to nutrient
enrichment which in turn results in algal bloom3hese algal blooms may lead to the
depletion of oxygen in the water and consequeralismg the death of aquatic organisms. In
the Vaal River seasonal algal blooms have beennreddealthough death of aquatic
organisms has not been observed. However, ifrémeltcontinues the problem of fish death

maybe observed soon.

5.4NEARNESS OF FARMS TO THE RIVER

According to studies conducted by Peterseml (1987) in agricultural areas, buffer zones

have almost been eliminated. The determinatioth®fcloseness of farms to the Vaal River
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helped to establish how much of the riparian zoad heen destroyed in the study area.
Buffer zones help to absorb or retain most of tbkupants from the farmlands. Hence their
elimination means that most of the pollutants cariye retained, entering into the water
bodies directly from croplands during and aftendyer@ins.

In the Grootdraai Dam Catchment 56% of the commkfarms are located between 0-5m
from the river as shown in Table 8. This shows thast of the buffer zones in this area have
been destroyed, allowing the free flow of pollutaffom agriculture fields into the water

system.

However levels higher/ above the tolerable conegioin have detrimental effects on aquatic
system, like accelerating algal blooms and watezdsdeading to a depletion of available
oxygen (DWAF, 1996a). According to Sawyer, 194all8ywieder (1968) surface water

concentrations of inorganic P and total P betwee@l1®ng/ | and 0,02mg/l are considered
critical values above which eutrophication is aecamied. Bearing this in mind the

concentration levels recorded in the Grootdraai Reenway higher than the above critical
values making the Vaal River highly prone to eulrioption.

Higher pollutant concentrations occur during theiquefrom October to March; this could
possibly be due to farmers applying fertilisersektess during this period. This leads to an
increase of nutrients in the soil which plants aanabsorb. During this time the rainfall
season begins and according to Shamlyal (1992), export of P in runoff occurs in
particulate and dissolved forms eroded, during flewents. This constitutes a major
proportion of transport from most cultivated lan@snsidering this, it is highly probable that
the higher concentrations observed during the gerad higher rainfall could be as a result of
this form of transportation of these nutrients.eTestruction of the buffer zones in this part
could be one of the reasons why the seasonal ctvattiens of N and P in the water is high
during the rainy season and slowly decrease agenapproaches with very low or no rainfall

at all.

The destruction of buffer zones in the study asea cause for concern. One wonders why
these buffer zones have been destroyed. Perhamsih possible reasons could be lack of
awareness on the part of farmers on the role thpaean zones play in preventing water

pollution or over nourishment of the river system tbe need by farmers to increase
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production to meet the ever increasing populatidbhe other possible reason could be a lack

of personnel to enforce laws that protect the emvirent.

5.50BSERVATION OF VAAL RIVER AND ITS TWO TRIBUTARIES

During the study, the Vaal River and two of itsbtriaries within the study area were
monitored for any signs of algal activities. Thttributaries were targeted because they are
surrounded by farmlands and enter the Vaal Rivéhniwithe study area meaning whatever
pollution they have, will end up in the Vaal Riveks can be observed in Figure 4.4, taken in
March 2013 these are very little algal blooms ttet be seen in the tributary. The same
little amount could be observed in Figure 4.6 takenng the same time from the second
tributary. The same trend is observed in Figugtdken from the Vaal River during the
same period. It has been established that dunisgperiod the concentration of P and N are
high in the water. Perhaps during this time trgaalstart to grow gradually as P and N

become readily available.
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Algal growth rate
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Figure 5.1: Relationship between algal growth rate and the nutrients conéemirathe water

The relationship between P and N concentrationgaodth rate of algae is an inverse one as
shown in Figure 5.1. That is to say from JanuaryJdoe the concentration of P and N

declines, gradually while during the same periagdmount of algal blooms observed in the
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river seems to increase gradually. This could leEabse during periods of high
concentrations of P and N algae begin to absorketheatrients which they require for their
metabolic processes and growth. Then graduallyealiegins to flourish with time, by then
as the algae population increases more nutrieetslasorbed from the water leading to a
steady decline in the concentration of P and NanFAugust to October the algae population
could have possibly reached maximum growth rateheamte begin to die as oxygen is also
gradually declining. Figure 23 below shows thatiehship that exists between algal growth

rate and P and N concentrations. The units usedrartrary.

It is observed that the nutrients minimum levelgrespond with the maximum algal growth
rate, meaning that it is during this period thatresponds with the highest population of
algae. This means that large amounts of nutriarésabsorbed by algae leading to a low
concentration in the water. When the algal popaabegins to decline the levels of the
nutrients concentration begin to slowly rise pogsibecause some algae on their death
recycle these nutrients back into the water. Thigpled with the beginning of the farming
season eventually cause the nutrient levels tee@ss in the water as has been observed

during the study period.
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Chapter 6

6 CONCLUSION AND RECOMMENDATIONS
6.1INTRODUCTION

The area around Standerton Town is a very impoantmercial farming area. Farmers in
the area use fertiliser to improve crop yields @edticides to prevent crop damages. To
further boost crop yields, land in the study area been severely altered for agricultural
purposes and buffer zones from water sources hase destroyed to maximize production.
This study has estimated the contribution of thecafjural activities to the poor water

quality of the Vaal River within the Grootdraai DaGatchment and their impact on the
whole aquatic system. The study has explored theet capacity, competence and
commitment of farmers to achieve compliance with émvironmental legislation governing

water management.

To achieve the objectives of the study a survey gased out to determine the type and
amount of fertiliser used by farmers. The survegswandom and captured from fifteen
commercial farmers. The distance between the wimtdies and the farmlands was
determined through this survey and physical obsenva It was established that farmers
could be using excess fertiliser as untrained faronkers are the ones charged with the

application of fertilisers.

The distance between the farms and water-bodiesalgasfound to be too small and the
buffer zones no longer exist. A regular observabbd the river was also done to detail any

algal bloom activities.

Data collected from the DWA was analysed for nésaaind phosphates concentrations in the
water. The data obtained was divided into two desafor analysis. Yearly average
concentrations were calculated for the first dedaol® 1988 to 1997 and then compared to
monthly means for the second decade 1998 to 20@f.the nitrates the two values were
different and a statistical analysis was done &eddifference between the two means found

to be statistically insignificant although the centration of nitrates was high.
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For phosphorous the values for the two means weecefaund to be different and as such a
statistical analysis was also done and the diffsemas found to be statistically significant.

All this data was analysed aiming to establishlitiiebetween each factor investigated.

Monthly average rainfall for the study area wasoa@nalysed and correlated to the
occurrence of higher concentrations of agrochemicalthe water. It was established that
there is a positive correlation between the mowofhisigh rainfall and the months of higher

concentrations in the water.

General information on the study area was alsoimddathrough informal interviews with
farmers, farm workers and other stakeholders. ®esuwas also conducted on the general
population where a random sampling method was tsexklect the sample. The survey
showed that the water delivered to the general latipn was of poor quality, producing an

unpleasant odour and sometimes muddy.

The data that was collected can be used to creaeeness among farmers to control water
pollution and promote sustainable use of the nht@sources such as water. This is also

necessary to create a more sustainable and efficsenof agrochemicals.

6.2CONCLUSION

From the study the following conclusions can be enad
» Analysis of data from the Vaal River showed thatewavas polluted by nutrients and
phosphates from runoff due to high use of fertisseConsidering data from DWA,
guestionnaires and the literature review, it cancoacluded that pollution by
nutrients (P and N) in the Vaal River is evidenshewn by the high concentration of

P an N in the water and the observed algal bloamsgl the period of study.

» The study shows that the Vaal River is actuallyaatsk of direct pollution from
agrochemicals due to unrestricted use of fertdisefrhe most frequently used type of
fertiliser has higher quantities of N and P andsash higher concentrations of the
said nutrients are relatively high.

» The study revealed that the quality of water resgiby the local population in
Standerton is of poor quality as the water prodecésul smell at times. The foul or

odour can be attributed to dead algae.

55



» The study showed that there was a general lackaiviedge on fertiliser application

which is responsible for nutrient enrichment.

» The study showed that there is little commitmera¢hieve compliance as evidenced
by the destruction of buffer zones, which helpéduce amount of nutrients directly
entering the river by acting as sinks for such iaats between farmlands and the

river.

» Environmental problems are generally related to &wractivities in the resource
exploitation resulting in the degradation of theviesnment if not exploited
responsibly. The problem of poor water qualitythe Vaal River are as a result of
poor farming methods by both commercial and subiscst farmers, and also of the

responsible authority by failing to enforce legisla.

» The conducted survey showed that there are no énagricultural extension workers

to train, monitor and regulate the use of agrockalsiin the study area.

6.3RECOMMENDATIONS

» Since the study did not do any tests or analysigesticides it is recommended that
further study be conducted to quantify the effeftgesticides with the study area.

» The DWA together with the department of agricultsteould consider deploying
extension workers on a regular basis to educateyitaroand enforce regulations

related to the pollution and use of agrochemicals.

» Buffer zones should be protected in order to cdsimd and agricultural nutrients and

pesticides from entering water-bodies.

» Farmers should become less dependent on chemiddisées. Other forms of
fertiliser like green fertilisers should be intragd to reduce the amount of chemicals
finding their way into the river. Biological metti® should be introduced for pest
control. This is a natural way of controlling pe$tg using their natural enemies
referred to as biological control agents. This pescinvolves the rearing and realising
natural enemies of those pests which need to bieatlexl, for example a small wasp

can be used to control the corn borer
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There is a great need to increase awareness araomgrs towards environmental

protection and sustainable water management.

Farmers could try to prevent the leaching of natriafter the growing season by

increasing the area under autumn/winter green cover

The Department of Agriculture and the Department\aiter Affairs (DWA) should
promote or subsidise better fertiliser applicatiomethods and develop new

environmentally sound fertilisers and promote ragsbil testing.

Farmers should be educated on the rational nitrageth phosphorus application
which can be calculated on the basis of the cropgen balance taking into account

the plant needs of the nutrients.

The DWA should decentralise the testing and moimigprof water quality to
municipal authority so that Municipalities can hasligect access to the testing
facilities and therefore be responsible for enguigood water quality management
programmes are developed and implemented. Thikl dmi achieved by building

sound laboratories within each local Departmerwater Affairs.

The DWA should embark on a large scale recruitnaemt training of personnel to
assist in collecting and processing water samples fdifferent points as lack of
trained personnel emerged to be one of the magiora contributing to the Lekwa
Municipality being unable to collect and processergamples.
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APPENDICES

APPENDIX 1: Questionare for the local farming community ohrgterton for the research
project (UNISA) to be filled independently (Afrikas version).

1. Watter tipo boedery spesialiseer jy in?

Diere veeteelt:| Plante veete‘: GememxgxdaederD

2. Hoe ver is jou plaas van die Vaal Rivier?

Okm—5k1:| 5km—10‘:| lOkl‘""——I

3. Waar is jou beeste pan, vark hok, vuilrun in vedhnog tot die Vaal Rivier?

Okm—5k1:| 5km-10 :I 10 km -15|:|

4. Watter tipe kunsmis gebruik jy op jou plaas?

7. Hoe gereeld gebruik jy tipe van die kunsmis?

Elke boerdery seisoe-:l Ander, spesifisec:

8. Dink u dat, u het genoeg keanis oor die volgenéte om die kunsmis te gebruik
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Nie genoenﬂ:l GenoeD Nie seker EI

a. Hoeveel kunsmis te gebruik per hektaar vir velskde plante.
Nie genoeq:l Genoe Ni esker

b. Wanneer moet die kunsmis gebruik

Nie genoe(” ] G:I Ni sei'{1:|
9. Hoe het u die inligting van die kunsmis gekry?

Baie dankie u die vorm gevoltooi.
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APPENDIX 2: Questionnaire for the local farming community o&i&terton for the research
project (University of South Africa) to be filleddependently. (English version).
1. What type of farming do you specialise in?
Animal husbaner Plant husbanq:| Mixed farming|:|
2. How far is your farm from the Vaal River?
Okm—5knl_]  5km--10k{__]  10km--15 |
3. Where is the your : a) cattle pan, b) pig styfpd) run in relation to the Vaal River?
Okm—5kn{_]  5km--10kf__]  10km --- 15[ ]

4. Which type of fertiliser do you use on your farm?

7. How frequent do you use this fertiliser?
Every farming seasol___| other, spe{___|
8. Do you feel like you have sufficient knowledg&?o
a) How to apply the fertiliser.

Insufficien ] suﬁicier‘D Not sur]:l

b) How much to apply per hectare fofedént crops

Insufficient|:| Suffia:ie|:| Not su|:|

c) When to apply it.
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Insuﬁicien:| ufficient |:| Not sure|:|

9. How did you acquire such information?

Thank you for your co-operation.
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APPENDIX 3: Questionnaire for local residents of Standertonwater quality for the
research project to be filled independently

1. What is your understanding of water quality?

2. Does tap water sometimes have a bad test?

Yes No

3. Does tap water sometimes have a foul smell or &®ou

Yes No

4. What is your opinion of the water quality suppli@dthe Lekwa municipality?

Poor Gooo Not sure

5. Have you brought your concerns to knowledge ofrétevant authority?

Yes No
6. What do you think could be the cause of the statedescribed above?

7. Have you at any given time observed any excessafty of plants in the Vaal River?

E.g. Green algae.

Yes |:| No

8. Have you at any given time seen any dead aquagan@sms in the river? e.g. fish?

Yes No

9. If any, in which section of the river have you obvsel that?



10. At what time of year did you observe any of the\aibE.g. Month?
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APPENDIX 4: Questionnaire for the Lekwa Municipality watertlaurity for the research
project to be filled independently.

1. What is the general state of affairs in the VaaleR?

2. When the last time water was tested for phosphatek nitrates and what was the

outcome?

7. Is there any monitoring instrument on the operatibfarmers along the Vaal River?
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8. Is there any environmental legislation governingniars operation in such areas?

11.Do you organise any workshops to ensure awareness/@ pollution and possible

solutions?

73



APPENDIX 5: The procedure to for t-test

Step 1:

Get the sum of the yields for each decade andttireemean.

Step 2:
Calculate Correction Factor (CF)

= (Sum for decade 1§/iumber of observations); (Sum for decade Zpdmber of
observations)

= (9.576) #10; (10.04) 410

Step 3:
Square each value to calculate the Sum of Squaresth decade.

Step 4.
Calculate Standard Error (SE):
= Square root {(Sum of Squares - CF) / (Obserwatiol)}
= square root {(9.360594-9.1699776) / (10-1)}; Sauroot {(11.825152-10.08016) / (10-
1)}
Step 5:
We have two Standard Errors. Calculate the pooledP®oled SE = SE1 + SE2/ 2
= (0.048510709 + 0.146775747)/
Calculate Standard Error of Diff. SED = Pooled S{Sg.root (2/No. obs)}
SED = 0.097643213x {Sq.root (2/10)} SED = 0.0436623

Step 7:
Calculate the't’ value't’ = Mean Difference / SED
= (1.008876) / 0.043667372
= 1.0625482
Step 8:
Now we found that calculated't’ = 1.062578247
Now compare Calculated’t’ value with table’'t’ valder 18 df {(10-1) + (10-1)} at 5%

probability (table't’ value = 2.10)
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Therefore since t value calculated < t table valven the difference between the two
nutrients is not significant.

How to make a decision

Based on the comparison of calculated’t’ value viitd theoretical't’ value from the table,
we conclude:

1. If the calculated’t’ value is greater than the tletizal’t’ value, then the difference
between the two treatments is significant. This msehe difference is not likely due

to chance but more likely due to a real differeneeveen the two treatments.
2. If the calculated’t’ value is less than the thewddit’ value, then the difference

between the two treatments is not significant. Th&ans the observed difference is

more likely due to chance and we conclude thatwloetreatments are not different.
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APPENDIX 6: T - Test table

t Table t.so t.s t.s0 t.gs t.s0 t.os t.o7s t.go t.o95 t.909 t.9905

cum. Prob

one tail 0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 0.0005

two tail 1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001
df
1 0.000 1.000 1.376 | 1.963 3.078 6.314 12.71 31.82 63.66 318.31 636.62
2 0.000 0.816 1.061 | 1.386 1.886 2.920 4.303 6.965 9.925 22.327 31.599
3 0.000 0.765 0.978 | 1.250 1.638 2.353 3.182 4.541 5.841 10.215 12.924
4 0.000 0.741 0.941 | 1.190 1.533 2.132 2.776 3.747 4.604 7.173 8.610
5 0.000 0.727 0.920 | 1.156 1.476 2.015 2.571 3.365 4.032 5.893 6.869
6 0.000 0.718 0.906 | 1.134 1.440 1.943 2.447 3.143 3.707 5.208 5.956
7 0.000 0.711 0.896 | 1.119 1.415 1.895 2.365 2.998 3.499 4.785 5.408
8 0.000 0.706 0.889 | 1.108 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 0.000 0.703 0.883 | 1.100 1.383 1.833 2.262 2.821 3.250 4.297 4.781
10 0.000 0.700 0.879 | 1.093 1.372 1.812 2.228 2.764 3.169 4.144 4.587
11 0.000 0.697 0.876 | 1.088 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 0.000 0.695 0.873 | 1.079 1.356 1.782 2.179 2.681 3.055 3.930 4.318
13 0.000 0.694 0.870 | 1.076 1.350 1.771 2.160 2.650 3.012 3.852 4.221
14 0.000 0.692 0.868 | 1.074 1.345 1.761 2.145 2.624 2.977 3.787 4.140
15 0.000 0.691 0.866 | 1.071 1.341 1.753 2.131 2.602 2.947 3.733 4.073
16 0.000 0.690 0.865 | 1.069 1.337 1.746 2.120 2.583 2.921 3.686 4.015
17 0.000 0.689 0.863 | 1.067 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 0.000 0.688 0.862 | 1.066 1.330 1.734 2.101 2.552 2.878 3.610 3.922
19 0.000 0.688 0.861 | 1.064 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 0.000 0.687 0.860 | 1.063 1.325 1.725 2.086 2.528 2.845 3.552 3.850
21 01.000 0.686 0.859 | 1.061 1.323 1.721 2.080 2.518 2.831 3.527 3.819
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22 0.000 0.686 0.858 | 1.060 1.321 1.717 2.074 | 2.508 | 2.819 3.505 3.792
23 0.000 0.685 0.858 | 1.059 1.319 1.714 | 2.069 | 2.500 | 2.807 3.485 3.768
24 0.000 0.685 0.857 | 1.058 1.318 1.711 2.064 | 2.492 | 2.797 3.467 3.745
25 0.000 0.684 0.856 | 1.058 1.316 1.708 2.060 | 2.485 | 2.787 3.450 3.725
26 0.000 0.684 0.856 | 1.057 1.315 1.706 2.056 | 2.479 | 2.779 3.435 3.707
27 0.000 0.684 0.855 | 1.057 1.314 | 1.703 2.052 | 2.473 | 2.771 3.421 3.690
28 0.000 0.683 0.855 | 1.056 1.313 1.701 2.048 | 2.467 | 2.763 3.408 3.674
29 0.000 0.683 0.854 | 1.055 1.311 1.699 2.045 | 2.462 | 2.756 3.396 3.659
30 0.000 0.683 0.854 | 1.055 1.310 | 1.697 2.042 | 2.457 | 2.750 3.385 3.646
40 0.000 0.681 0.851 | 1.050 1.303 1.684 | 2.021 | 2.423 | 2.704 3.307 3.551
60 0.000 0.679 0.848 | 1.045 1.296 1.671 2.000 | 2.390 | 2.660 3.232 3.460
80 0.000 0.678 0.846 | 1.043 1.292 1.664 1990 | 2.374 | 2.639 3.195 3.416
100 0.000 0.677 0.845 | 1.042 1.290 1.660 1984 | 2.364 | 2.626 3.174 3.390
1000 0.000 0.675 0.842 | 1.037 1.282 1.646 1962 | 2.330 | 2.581 3.098 3.300
z 0.000 0.674 0.842 | 1.036 1.282 1.645 1960 | 2.326 | 2.576 3.090 3.291
0% 50% | 60% | 70% | 80% | 90% | 95% | 98% | 99% | 99.8% | 99.9%

Confidence Level
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APPENDIX 7: Average monthly concentration of P in the Groottdzan

/

Average monthly concentration of P (mg/l)

Time: (Months)

78



APPENDIX 8: Average monthly concentration of N in the Grootddem
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APPENDIX 9: Average monthly rainfall in Standerton
4 I

‘lllllﬁlll‘l

Average monthly rainfall (mm)
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APPENDIX 10: Average monthly temperature in Standerton
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Time: (Months)

Average monthly temperature (degrees celcius)
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