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Abstract

The influence of the Eastern Basin Acid Mine Drainage (AMBgmical treatment plant andhe
Blesbokspruit Wetlanécosystem imemediating AMD pollutiomas been determinedThe research
process involved making land use maps, using historical Rand Water qualityaddtaollecting
water, sediment and soil samplatong the BlesbokspruiBeing in operation since August 2016et
Eastern Basichemical AMD treatment plant has had a major influence on water qualityl this
influence is not entirelpositive. The introduction of the treatment plant was completely necessary
at the time due to the possible decant of AMD water frone lbandoned Grootvlei mine into the
Blesbokspruit wetland. However, phase one of treatment which makesof chemical mechanisms

to firstly neutralise the water with lime and thereafter remove the toxic metals that precipitate out
of the solutionhas negéively influenced conductivity, magnesium, chloride and sulphate levels
downstream. Over time, the concentrations of these parameters have increased to worse
management level targets set out by the Blesbokspruit Forum. Conductivity and sulphate have
reachal unacceptable management target levels since the introduction of the chemical treatment
plant. The reduction of iron, manganese, ammonium, nitrate and phosphate downstream of the
AMD treatment plant is due dilution caused by increased discharge fromréa¢ément plantand

due to the wetland ecosystem removing these contaminaftse greater Blesbokspruit Wetland
and the Marievale Wetland have a very low influence on improving water quality within the area.
The wetlands do reduce nutrient levels accordiogRand Water data, but the water quality in this
study area is mainly influenced by what is occurring upstream of the wetlands at the AMD treatment
plant. There are numerous environmental concerns within this study aemh includes the
Marievale Bird &nctuary Soil quality results suggest that the Blesbokspruit has a high influence on
soil conductivity River sediment heavy metal analysis results suggest that the river sediments
collected from the eight sampling sites are highly polluted and have adenoderate potential for
ecotoxicity. Sediment trace metal concentrations are also highly concentrated near mine dumps and
historical mine decant point$ncreased soil conductivity and heavy metal contamination may have a
negative impact on the waterfowliving at the Marievale Bird Sanctuar§round truth water
sampling also identified that there is a seasonal signal of increased conductivity and sulphate during
the dry winter months. The results of this research have highlighted the need for phaseftwo
treatment (which would implement desalination infrastructure) to begin at the chemical AMD
treatment plant as well as increased monitoring and protection of the wetland ecosystem within the
study area.

Figure 2: Black Egret at Marievale Bird Sanctuary. Photog!
taken by Professor C. Curtis in March 2019.
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Research Tile: The influence of a chemical treatment plant and an existing wetland
ecosystem on AMD pollution andiater quality along the Blesbokspruit, South Africa

1. Introduction

The biggest threat to a sustainable water supply in South Africa is not a lack of storage but the
contamination of available war resources through pollutiorfClaassen, 2010). South Africa has
been well docmented as a water scarce natig@laassen, 2010Along with scarcity of water, our
water quality is continually being compromised due to many factdisese includessues of
acidification through acid me drainage, acid rain and industrial waste, increasatinisation
eutrophication anddiseasecausingmicro-organismgOberholster, 2010)Acid Mine Drainage (AMD)

is one of the most destructivegtiutants on our water quality(Oberholster, 2010)The process of
AMD is well understoadthrough mining activities, water used ikpal and gold mines contains
sulphuric acid and toxic heavy metd{3chieng, 2010)If this water is left untreatedit could pose
serious health risks teommunities and cause major contamination the natural environment
(Ochieng, 2010)The current and most common remediation technique used for the treatment of
AMD water in South Africa is the use of chemical mechanisms to firstly neutralise the witkter
lime and thereafter remove the toxic metals that pigitate out of the solution (Mc&rthy, 201J).
Although this treatment has itisenefits, it does nosolve the problem entirely.His process leads to
increased salinity as well ggomoting high corcentrations of sulphate in the water (McCarthy,
2011).Wetlands are described as beieffective in attenuating AMD pollution (Humphrieset al.,
2017). The use of wetlands as a bioremediation optioas been dscribed as being able to reduce
AMD pollution through biological processes occursiithin wetlands (Johnson and Hallberg, 2005).

2. Problemstatement

In SouthAfrica,AMD is a very broad geographic problem due to the numerous ayoddcoal mines

that spanthe provinces ofGauteng, Mrth West, Mpumalanga and LimpogdlicCarthy, 2011)
Specificallywithin the Witwatersrand Eastern BasiBrakpan, Springs and Nigare historic gold
mining towns(McCarthy, 2011). Defunct mines have promoted the mobilisation of AMD \iwathe
areaand this hagprompted national governmento act by launchingthe largestAMD treatment

plant of its kind in the worldin August 2016(DWS 2017) This plant is situagéd within the
Blesbokspruit(spruit translates toa small water coursérom Afrikaanswhich is used to describe
small river$ wetland, near the inoperative Grootvlgsold Mine, and is upstream of the Marievale
Bird Sanctuary that lies within the southeralhofthe greater Blesbokspruivetland (DWS, 2017)

The AMD treatment plant has been operational since its completion, which was extremely necessary
at the time. During that time, the abandoned Grootvlei mine was being flooded and there was a
huge potental that AMD water would decant into the surrounding Blesbokspmgtland (Kruger,
2017; Solomons, 2017Yhe Blesbokspruitwetland was first accepted as a Ramsar Wetland of
International Importance in 1988ue to theimportant biodiversity(mainly waterfowl) it supported
during theaccreditation period Ambani and Annegarn, 20198y 1996after extensive mining and
industrial activities the wetland was placed on the Montreux Record, a regisidrich lists
potentially threatened or degradk Ramsar sites that no longer agree with the Ramsar Convention
standards (Ambani and Annegarn, 20IRH)is research project therefore poses as an opportunity to
considerthe influence ofboth chemical (through thenew AMD treatment plant) and biological
(throughthe existingwetland) remediation processesn water quality within the Blesbokspruifs
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research within this specific area of study is limitéds of great interest todetermine the influence

these two processes have on water quality within Blesbokspruit. Improvements in water quality

could trigger similar strategies taken up hyational government at other historic defunct mining

aridsSa GKFG IINB aLINBIR ONR&aa {2dziK ! FNAOFI Q& 32fF

2.1 Researchyuestions

1. Whatinfluence doeghe combination ofboth the chemical treatment plant and the existing
wetland have in improving water quality andemediaing AMD pollution along the
Blesbokspruit?

2. What is the spatial extenand impactof historic and current AMD pollutiowithin the
Marievale Bird Sanctuaryetlanditself and beyond the wetland further downstre&m

3. To what etent does theBlesbokspruitvetland provide an ecosystem service by improving
water quality linked to AMD pollutich

3. Research aims andbjectives
3.1ResearchAim

1 To determine whether the Eastern Basin AMD Treatmentla® and the existing
Blesbokspruitwetland have an influence on improving water quality and reducing AMD
pollution inthe BlesbokspruitAlso, to étermine the spatial extent of pollutants within the
river sedimentand soilsof the greater Blesbokspruiivetland area and further downstream
at Mariewale Bird Sanctuary

3.2 Researctobjectives

1 Data compilation and analysis of historiRand Water quality datasetsalong the
Blesbokspruit The datasetare specific to upstream and downstreadatapointsof the new
Eastern Basin AMD Treatment Pland the Marievale Bird SanctuaiMonthly ground truth
sampling ofwater along the Blesbokspruit systenaround truth ample points arealso
focused specifically at points which are upstream and downstream of botRdlseern Basin
AMD treatment plantand the Marievale Bird Sanctuary.

1 Sampling of soils within Marievale bird sanctuary to quantify soil pHsaildconductivity
Thisis a spatihassessment of the current soil pH and soihductivity andcan be used as a
baseline for future changes

9 Sampling of river sediments along the Blesbokspruit systard wetland, this is to

determine whether toxic heavy metals have been deposited in the sediments of the
wetland.
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4. Literature review
4.1 Backgroundnformation of AMD pollution within South Africa

The Witwatersrand Basis made up of theEast,Central and Wst Rand basinsindis famous for its
outstanding gold, coal and uraniugeposits(McCarthy, 2011)Mining in the basirbegan in late
eighteen hundred but most of the mines on the East Raraie currenty inactive, closed or
abandoned(McCarthy, 2011)The Witwatersrand rocks contain varying proportionssofphide
minerals, themajor mineralbeingpyrite and other base metal sulphides that contaetals ofiron,
nickel lead oopper, cdoalt and asenic Radioactiveuranium occurs within the leachable oxides
within the reef(Robb and Meyer, 1995AMD is a wellunderstoodprocess;it occurs when pyrite
comes intocontact with oxygenated water. The pyrite undergoes oxidation in adtage process,
the first producing sulphuriacid and ferrous sulphateind the secongrocess producingrange
red ferric hydroxide and more sulphuric a¢cCarthy, 20111

The @neralized overathemicalequation: 4FeSt+ 15Q + 14Hh ™ n G$ 8HBA (1)(Garland
2011). This acidic water is able to dissolve toxic heavy metals within the reef (McCarthy, 2011).
Consequently, mundwater movementthrough the mineral reehas highlevels ofsulphate and
heavy metals and sibsequent effluent pumping of groundwater results inthe dumping and
distribution of heavymetals in the surface water systefRobb and Meyer] 995 McCarthy, 20111
GrootvleiGold Mine wa®one of the largescalevorkingmines in the area thategularly dewatered
underground workings andisposedof the effluent inthe Blesbokspruit(Roychoudhury and Starke,
2006). The Blesbokspruit, former Ramsar certified wetlandite, had beerdirectly contaminated
with AMDmetal pollution produced fom mine operationsn the arealn 1996, he wetland vas put

on the Montreux Record List of Wetlands of Internationalnhportance due to theuncontrolled
disposal of untreated mineffluent (Roychoudhury and Starke, Z8)0Since being placed on the
record the disposal of treated mine effluent has been closely regulated and monitored
(Roychoudhury and Starke, Z)0

Mining in the East Rand basin has produaedignificant amount ofand and rock piles imine
dumps on thegroundsurface, and backll rock piles undergroungMcCarthy, 2011)Apart from the
direct routeof groundwater movement and effluent pumpingeavymetals are also introduced into
the surface water system fromvater seepagehrough thesemine dumpsas well as via atmospheric
fallout of fine particulates from the largsecale mine dams (McCarthy, 2011)Specific to the
Blesbokspruit, this contamination is made worsenastals are also introducedearby by sources
other than mining. The strearflows throughmultiple settlements and industal areas before it
passes through the wetlan@Roychoudhury and Starke, Z&)0Once introduced into the aquatic
environment heavymetals cannot balegradedand they accumulate in sediments (Schulin et al.,
1995) Over time, chemical reactions may occur which effect heavy metal toxicity and bioavailability.
With continuedaccumulation metal concentration in the sediment often exceed environmental
thresholds causg acute toxicity leves (Schulin et al., 1995)To add, oftenbiogeochemical
conditions can easilghange in aquatic environments causing the stored trace metalsnobilise.
This makeshe metatrich sedinent a potentiallong-term source of pollutiorfrom where the metals
can move #ng the food chain causingxicity among living organism&chulin et al., 1995 he
situation d Blesbokspruit is of growingoncern asthe poor water quality has impacted on the
freshwater resources in the area and dostream of the BlesbokspruitThe Blesbokspruit ia
tributary of the greater Vaal river system which provides essedtiakingwater to the people of
Gautengprovince(Roychoudhury and Starke, Z)0
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4.2 Previousstudiesconducted along theBlesbokspruit

In a study conducted bRoychoudhury and Star@006), a suite of heavymetals was anabed in
sediment samples from the Blesboksprutetland areato assess the impact of mining on the
sediment quaty. Goldandsilverwere identified as beinghe mostenriched metals in the sediment
and rangedoy an enrichmentfactor of 20;400 compared to the surrounding regi¢Roychoudhury
and Starke, 208). Significant enrichment afranium, mercury, vanadium diromium, cdoalt, copper
andzinc was also observed in the sedimer{oychoudhury and Starke, Z80The calculated geo
accumulation indices suggest that the sediments are very lightly to lightly polluted with respect to
most heavymetals and highly polluted with respect gwld and silverThehighestmetal pollution
indexvalues were found at sites that were closenine dumps(Roychoudhury and Starke, Z)0
Sediment ecdoxicity wasalsocalculatedduring the resarch processtad results determinghat the
sedimentsin the study area have low to moderate potential for exicity (Roychoudhury and
Starke, 2080).

In a more recent paper by Ambani and Annegarn (2015), monthly historical water quality records
from 2000 to 2011 wer examined whin the Blesbokspruit Wetland. Three separ&eand Water
historical sites were chosersjte B5 at the stream inflow to the wetlandsite B16 just after the
discharge point of pumped underground mimater at Grootvlei Mine Shaft No. 3, asile B11 at
the stream outflow from the designated wetland aréAmbani and Annegarn, 2015)he study
provided evidence that surface water qlity (for parameters pl, electric conductivity, sulphate,
sodium, chlorine and magnesignfollowed distinct spatialpatterns from the inlet, past the
underground minewater discharge point to the outlet of the Blesboksprwietland (Ambani and
Annegarn, 2015Valuesfor pHhad a narrow range of 610 8.5, a neutral to basic tendenayhich is
uncommon for AMD water. MID wateris also expected to hae high levels of electriconductivity,
but the results of this paper reveal thainly part of the electric conductivitys attributable to AMD
processes The highlevels of electric conductivity were attributed to highodium and chlorine
concentrationsand the sourcewas determined tobe from anupstream industrialpaper pulping
plant (Ambani and Annegarn, 2015easonally, thdighest levels o€onductivityoccurred duing
the dry periods During these periodsinwater and surface runoff vere low andcould notdilute
contaminated stream dischargdgmbani and Annegarn, 2015)s mentioned, he water quality
isste within the wetland is described as havihggh conductivty rather than low pH. This was seen
during the pumping of undergrounchine-water, and after thepumping terminatedat Grootvlei
Mine Shaft No. 3n December 2010rhe decommissioning of the paper pulping plant coincided with
the termination of pumping aGrootvleiMine from December 2010 to January 20XIoincidentally,
during this timethere was alarge reduction in conductivitfrom upstream industrieand nining
(Ambani and Annegarn, 2015)

In a studycentred around monitoring,metal concentrations within selected organs and tissues of
five Redknobbed CoofFulica Cristatppopulationswere examined\{anEeden, 2003)The aim of
this investigation was to determine whether these birdan accumulate metals from their
surrounding habitat, and therefore be able to reflect upon the geographical trends of their
population aregVanEeden, 2003Y0ne such population originated from the Marievale Wetland and
it was discovered that there wasadmium, copper, nickel and leadetal contanination found
within kidney, bone, blood and liveamplesof the bird speciesanEeden, 2003)The results from
the study suggest that the Radthobbed Coots collected from the five localiti@ghin the Gauteng

12| Page



provincewere most likely exposed to chramlow levels of metal toxicitfVan Eeden, 2003)he
metalcontaining diets that these birds were exposed to are believed to have originated from
anthropogenicsourcessuch as mining wastdumps industy, sewerage works, agriculture and
residential area (Van Eeden, 2003)Although thisY | & (i §idda@dtation does not make use of
biomonitoring, the sediment and water pollution data obtained from this study can be used to infer
whether the animal life(predominantly birdlife)along the Blesbokspruit ignder threat of being
exposed to toxic metal pollution.

In a recent paper byHumphrieset al.(2017), a wetland exposed to mining operations and increased
levels of metal pollution was identified as being able to sequester metals from polluted Wéter.
resultssuggestedhat, through multiple mechanismsyetlands play a crucial role reducing metal
contamination within AMD polluted environmengslumphrieset al.,2017). The study confirmed the
effectivenessof wetland ecosystem services linked itoproved water quality (Humphrieset al.,
2017). The common wetland plants that dominate in the reed beds along the Blesbokspruit are
Typhaand Phragmitesvegetation which are both well known for their efficiency in removing heavy
metals from polluted water (Roychoudhury and Starke, 2005; Kumari and Trigattb).However,
there is speculation on the positive influence of these commatland plants,specifically within

the Blesbokspruit wetland.

In a technical report written biYicKay et al(2018), the importance of these common wetland plants
was discussed. The report mentions that excessive nutrients within the Blesbokspruit have
promoted the growth ofPhragmites australiand Typha capensi@McKay et al., 2018 Both these
common reedslourishin unfavourable conditionsThese unfavourable conditiomscludeanaerobic

and disturbedsoils, anthropogenic influencessich as AMDvater pollutionand high concentrations

of heavy metalgyMcKay et al., 2008 These plantsare considered highly invasivdue to their
resistance to unfavourable conditions as well as rapid colonization and domination over other
aquatic plants.Invasion of these plants is associated with reduced biodiversity and these plants
present significant challenges to wetland ecosystera a whole(McKay et al., 2018 0One of the
objectives of he technical report was ta@alculate the changes in the open water area seen at
Marievale Bird Sanctuary from 2002 to 20@8cKay et al., 2018 A total close to nine hectares
(11%) of operwater was lostand this was attributed mainly due to the dominance of sbawo
common reeds in the are@icKay et al., 200)8Thereport mentions that reed spraying in the area is
inconsistent and measures need to be put in place to prev@itragmites astralis and Typha
capensidrom continual domination of open water bodieM¢Kay et al., 2018 As Marievale Bird
Sanctuary is a highly important refugewaterfowl, these reed beds need to be maintained in order

to keep the birdife from migrating to oher water bodies in surrounding aredddKay et al., 2018

The area of open water is also reduced during months of drought and this may force birds to migrate
permanently causing damaging consequences to the Marievale Bird Sanctuary tourist attraction
(McKay et al., 2018

4.3 The Eastern BasiAMD chemicaltreatment plantin Springs

Construction of the AMD Eastern Basiratment plant began in June 2014 and the plant was
completed in August 201@<ruger, 2017; Solomons, 2017The plant has been operational since its
completionwhich was ettemely necessargt the time. During that time, thabandoned Grootvlei
mine was being flooded and there was a huge potential that AléDer would decant intothe
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surrounding Blesbokspruit Wetlan@ruger, 2017; Solomons, 201The R1billion plant, which is

the largest of its kind in the worldhas the capacity tpump 108 ML of water per day to mitigate
against the pollution of underground water sourd®WNS 2017) The plant is part of the shetérm
solution (phase one)of the Witwatersrand Goldfields that is aimed at preventing decant in the
Western Basin antireaching of theenvironmental critical levein the Central and Eastern Basins
(DWS, 2017)Theenvironmental critical levels thewater levelin mine voids at the critical location
which needs to be maintained and not allowed to rise in order to protect the environment, including
groundwater resourceg¢Department of Water Affairs, 2012The areas at risk are those that have
the lowest elevations near the mine voifl3epartment of Water Affairs, 2012)

Speaking at thefficial launchin February 201,7the former Minister ofthe Department ofWater

and Sanitation(DWS) Ms Nomvula Mokonyanmentioned that aver the last six years, workingth

the Trans Caledon Tunnel AuthoriffCTA)the DWS hasuccessfully initiated and implemented
successful shoitierm interventionswithin the three basins, which hawaved the way for the long
term solutions(DWS, 2017)Theshort- and longterm solutions to AMD are expected to cost RID
billion which will be fundd by the state, miningector amd water usersThe longterm (phase two)
solution involves the use afesalinationprocesses such asverseosmosis to reduce salinity in the
water OWS, 201} Mokonyane mentioned that he treatment of MD water is part of
I20SNYYSYy (i Qa LI Q@ (TRdziadSNTBdzNGBdr Gl inedieti BESyeaR (D) S04 7)
Theshort-term plan makes use of lime to firstly neutralise the water and thereafter remove the toxic
metals that precipitate out of the solution (McCarthy, 2011). Although this treatment has its
benefits, it does not dae the problem entirely; this process leads to increasedductivityas well

as high concentrations of sulphate left behind in the water (McCarthy, 2@eihg operational
since August 2016, media reports hatatedthat the plant is successfully redng AMD within the
mine shaft by reducing iron and manganese concentrations and raising the pH of the water that is
discharged from the plant (Kruger, 201This would indeed be beneficial to the Blesbokspruit, but
the very recent launch of the treatmenplant has meant that therds no scientific evidence/
literature publishedon the plant. However, within multiple media reports there have been highly
controversial reviews of what the treatment plant is actually able to produce in terms of reducing
AMD pdlution in the area.

4.4 Mixed media reportsof the Eastern Basin AMD chemical treatment plant

In an interview by theAMD Eastern Basitreatment plant manageirfor Mining WeeklyOnline the
managerdescribed the inner workings and processes of the treatment plantnelationed that the
plant runs 24hours per dayand is running at 85% of its 108 ML plery capacity, treating 94 ML per
dayof AMD from theold Grootvlei No. 1 shafSolomons, 2017 his shaft has a depth of 1 km and
three heavy duty pumps (150m deep) are pumping out the AMD water to the suHigmxplained
that the AMD water is transfeed to a splitter boxand is separated across three reactor circuits,
which include preneutralisation, neutralisation and gypsum crystallisati®he plant consumes an
average of 35 tonnes of lime and 500 kg of polymer per Begm thesplitter box, thewater is put
into large diametertankswhere the water is clarified usintpickeners to be discharged at a later
stage(Solomons, 2017)From thethickeners section of the plang clean overflow and low-quality
underflow is produced, thilw-quality water is recycled back into the plant for processing purposes
and theprecipitatedmetakO 2 y U | &luddeysTe-infected and disposedown shaft 1 to a depth
of 700 meters belowthe surface(Solomons, 2017) Currently theclean overflow that the plant
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produces is not ptable; a second treatment phagphase two)o produce potable water has been
awarded but has not started as yet (Solomons, 20THg plant managealso mentioned thathe
AMD water had a pH of 6.2 and an iron content of roughly 115 nagiilafter being treated the pH
increased to 8.8 and the iron content decreased to 0.1 mg/L. However, the treated water the plant
releases has aigh salinity of 1100 mg/{Solomons, 2017)The treated water contains aluminium
concentrations at levels lowehan laboratory detection levels and to date the biweekly tests had
detected zero traces of radioactive uraniuaacording to the plant managéSolomons, 2017 He
mentioned that if pumping were to stop, it would take only 3 weeks for the toxic wateretaiok
onto the surfaceln hisopinion, the ground water level needs to remain 120 m below surfece
ensure thatthe ground water flondecants into the mine shafts and not into the surroundiag-
lyingareas of the Eastern Basin causing potential environmelatiadage(Solomons, 2017)

The followingfigure describes theoriginally proposed process flow diagram for theeatment and
transportation of higkdensity sludge (HDS) for disposal:

—dSLEerln Bd:

ion—includes a waste disposal site

discharged
okspruit

*Proposed
sludge disposal

Neutralised Water
Waste Sludge

Decanting Shaft

Figure3: Originally proposed pocess flow diagram for the treatment and transportation of higiensity sludge for
disposal. Figure obtained from the Digby Wells EbA the construction of theoriginally proposed sludge
disposal facility and pipeline associated with the Eastern Basin AMD Treatment Plant. Available online fr
https://sahris.sahra.org.za/sites/default/files/additionaldocs/AEC2588_Draft Scoping_Report_Draft Publ

eview.pdf

The figure above indicasghat the highdensity sludge will be disposed of at an external site, but as
mentioned by the plant manager: the sludgeésinjected and disposedf down shaft 1 6 a depth
of 700 metergSolomons, 2017 hereis criticism in thisas the ElAriginalflow diagramabovedoes
not account for sludge to bdisposeddown shaft 1. Although being disposed 700 meters below
surface, thehighdensity sludge is not entirely eliminated and has the potential to impact the
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environment especially through ground water movemeriBega, 2017)Figure 2below is a
photograph takerof the lime thickenetanksat the Eastern Basin AMD treatment plant.
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Figure 4: The lime thickeneanksat the new Eastern Basin AMD Treatment Plant, the wetland can be seen behind the treatmel
plant in the background. Photo taken by Professor C. Curtis in 2017.

In a short article written by the Federation for Sustainable Environment, a consulting mining
hydrologist described that the DWS has usedRa billiond & £ SR 3 S K I fig ¥re Nighly (i 2
dangerous and complicatesituation within the Eastern BasifBega, 2017)The ¢sledgehammer
approactt involves pumping thateduces the water table t420 meters belowthe surface,andin

her opinion, this exposesnore pyriic rich rockto oxygenandwater andincreases the potential for
even more environmental damagéBega, 2017) This directly contradicts thepinion of the
treatment plant manager. Another critiqugy the mininghydrologistis that the plant is not actually
treating the water to a better stateThe water cannot be used for human consumption and is toxic
to the environment(Bega, 2017)In heropinion, large sumsf moneyare being used to purchase
expensive limehat is used to raise the pH level thie water, and the metals that precipitate out as
sludge aredisposed undergrounavhich could easilpollute groundwater within the Eastern Basin
(Bega, 2@7). She recommends that a more effective solution would beldsely monitor the entire
area and rathertreat the water at each decant point and remove all theluable metals and
sulphates for resalgBega, 2017) Within the same article, an attorney h@ represents the
communities of Springs, is highly concerned due to the Blesbokspruit imeahgse proximityto the
suburb of Strubenvale. He mentioned that the possibility of flooding in the laasaa high potential

of causingdevastating mobilisatiorf toxic metals to both the communitieand the surrounding
environment which includes the Marievale Bird Sancty&sga, 2017)

16| Page



4.5 Historical andcurrent data for the Blesbokspruit

The historical and currendata are made availabléom The Reservoirwebsite. This is a water
resource information centre for the catchment forums that operate within the Vaal Barrage and Vaal
Dam catchment of the Upper Vaal Water Management Agency (Reservoir, 2018). The data from this
website includes the Blesbokspruit t€lament and water quality reports from the Department of
Water and Sanitation, Rand Water and Ekurhukm@ madeavailable ofine ona quarterly basis
(Reservoir, 2018What is of interest is to determine whether the introduction of the Eastern Basin
AMD treatment plant inAugust 2016has had a positive influence on water quality downstream.
Making use of the historical data helps determine what influence the treatment plant has had
downstream along the Blesbokspruit. An example of the water quality tédpmn Rand Water is as

follows:

\Y4

R :
RAND WATER A e g : :
g 3 g 3 E - e
SRR N I A N
oy o 5 ES5 % 5 334 1 3 ¢ 3§ f . P 8B q
Ponts  SamplePontDescipbn % ¢ 00 0 0 Q o M e £ 2 T z 3T 0 0 0
Blesbokspruit @ Marievale = - g II;
B17 Bird Sanctuary = :
26°21.536'S 28" 30467TE

Key Water Quality Guidelines
[ 463 ] - 1 Apr to 30 Jun 2017 [ - (deal
812 Stream from Kaydale Station -1 Julto 30 Sep 2017 - Acceptable
-10ctto 31 Dec 2017 [ |- Towradee
26 28627S 28" 24.266°E | 0.31 | 2.49 | - 1 Jan to 31 Mar 2018 - Unacceptable

Figure5: Rand Water quality reprt for the Blesbokspruit at Marievale Bird Sanctuafyom 01 April 2017 31 March 2018. Available
online from: http://www.reservoir.co.za/forums/vaalbarrage/blesbok_forum/blesbok_reports/current/RW_Blesbok_Jan

Mar2018.pdf

The waterquality report aboveprovides essendil data thathasbeen made of usdor this research
project. The water quality parameters inckithetalssuch as iron and manganesilphate content,
conductivity and pHwhichare the water quality parameters needed to determine the impact of
AMD pollution within the aregMcCarthy, 2011)The units for each of these parameters are given in
the in-stream water quality guidelines section on the following paglee sample points are also
given with GP8oordinates and thesare usedo determine the water quality along the entire river
system in the catchmen©Of all the data that are made availabtbe Rand Water quality reports are
the most complete and comprehensive, and these are used for the garpbthis research.
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4.5.1In-stream water quality guidelines

In-stream Water Quality Guidelines for the Blesbokspruit Catchment Effective: June 2003
Ideal Tolerable

Variables Measured as | Catchment Background - Interim Target -

Physical

Conductivity mS/m <45 45-70 70-120 =120

Dissolved Oxygen (Q) mg/l G, =6.0 50-6.0 <5.0

pH pH units 6.5-85 <6.5;> 8.5

Suspended Solids mg/l <20 20-30 30-55 > 55

Organic

Chemical Oxygen Demand (COD) mg/l <20 20-35 35-55 =55

Macro Elements

Aluminium (Al) mg/l <03 03-05 =05
Ammonia (NH;) mg/l <01 0.1-15 15-50 =50
Chloride (CI) mgl <80 80-150 150 - 200 >200
Fluoride (F) mg/l <0.19 0.19-0.70 0.70-1.00 >1.00
Iron (Fe) mg/l <01 0.1-05 05-1.0 >1.0
Magnesium (Mg) mg/l <8 8-30 30-70 =70

Manganese (Mn) mg/l <02 02-05 05-1.0 =1.0
Nitrate (NOy) mg/l <05 05-3.0 3.0-60 >6.0
Phosphate (PQ,) mg/l <0.2 02-04 04-06 =06
Sodium (Na) mgl <70 70-100 100 - 150 > 150
Sulphate (S0 mg/l <150 150 - 300 300 - 500 > 500

Figure 6 In-stream water quality guidelines for the Blesbokspruit Catchment (Effective: June 2003). Available online from
http://www.reservoir.co.za/ forums/vaalbarrage/blesbok _forum/blesbok documents/BF WQGuidelines.pdf

The abovewater quality guidelines are used as an indication of the rawgtisam water quality
specifically within the Blesboksprutatchment Water quality parameters are described as ideal,
acceptable, tolerable and unacceptabier each water quality parameteas seen aboveThese
guidelines havevalue in that they are uniqué the Blesbokspruit raw water quality management
targets set out bythe Blesbokspruit Forum (Reservoir, 2018). However, the guidelines are limited in
that they are far less strict than those of the standard water quality guidelines set out by the
Department of Water and Sanitation for Aquati€cosystemgDWAF, 1996McKayet al., 2018)
These guidelines have been alterdde to the mining and industrial processes occurring aliheg
Blesboksprui{McKay et al., 2018 The Blesbokspruit can therefore be described asaad-working

river, whereby the ecosysterservices provided by the stream help meet the resgiMeKay et al.,
2018. Thereserveis defined aghe quality and quantity of water required to meet basic human
needs and to protect aquatic ecosystenf€laassen, 2010)The concept of the reserve is
controversial in that aquatic ecosystems (ecological reserve) are often overlooked compared to
human needs (human needs resergean Wyket al., 2006) Considering that the ecosystem itself
sustains and provides for basic human needs, sufficient watex bigh quality is needed for a
sustainable futurgClaassen, 2010Another limitation is that these guidelinese forraw water and

not drinking water.

The Blesbokspruit is a tributary to the Vaal system which provides drinking water to the people of
Gauteng(Roychoudhury and Starke, 200Bpmestic drinking water quality guidelines set out by the
Department of Water Affairs are highly comprehensive andaited with many water quality
parameters beyond the scope of thsl & 0 SN a @RWAFAISIBITonsiderhy this, and that

the Blesbokspruit is not used directly for domestic drinking purposes, the raw water quality
guidelines set out by the Bleskggruit Forum are those used as a determination for water quality

18| Page


http://www.reservoir.co.za/forums/vaalbarrage/blesbok_forum/blesbok_documents/BF_WQGuidelines.pdf

for this researchThe Blesbokspruit Forum promotes the aims of the National Water Act (Act 36 of
1998) and the role players include government departments,-gavernmental organisations,
mines, industries water users and the general popula{iBeservoir, 2018)Although the historical

and available data is comprehensive and detailed, sample points along the Blesbokspruit used by
Rand Waterare spreadwidely apart to cover the entirecatchment area. This research project is
primarily ocused on the areas around tligastern Basin AMBeatment plant and Marievale Bird
Sanctuary Wetland. Therefore, more samples around these dr@as beercollected from the field

to add to thehistoricd data that is currenthavailable.Thisyearlong monthly collection of samples
adds value to the research as it provides ground truth datd accounts for seasonaehanges in
water quality within the Blesbokspruithe water quality parameters listed tine table above will be
explained in terms of possible pollution sources as well as impact on aquatic ecosystems.

4.6 Water quality parameters
4.6.1 Physicalater quality parameters
4.6.1.1 Conductivity

ConductivityhA & Y S & dzNJabiligy To pasK b eléctridicBrie@ightet al.,2005) This is
directly linked to the concentration of conductive ions within the water. These ions/electrolytes
come from dissolved salts and inorganic compounds such as alkalis, chlorides, sulphides and
carbonates (Light et al., 2005) There is a direct relationship between the number of ions and
conductivity; the more ions that are present, the higher the conductivity. Conductiviteésuaned

in millisiemens per metre which is standard for freshwatesteyns(Lightet al.,2005) High levels of
conductivity are usually as a result of pollution in the ag&kcil and Koldas, 20Q@)atural causes
such as excessive rainfall or drought can also lead to high conductivity Akek and Koldas,
2006) Most aquatic species have evolved in environments with specific conductivity levels
Conductivitylevels outside of the normal range can be damaging to the aquatic life within the water.
As a result, only hardier species may be able to survieewironments with high conductivity levels
(Ochieng, 2010) With reference to the Blesbokspruit, conductivity levels &sgpothesised to
increasedue to the way in which water is treated at the Eastern Basin AMD treatment plant. The use
of lime to neutralse AMD water is hypothesised to lead tmcreased salinity in the watewhich
directly impacts on conductivity as modissolvedions are introduced into the watefMcCarthy,
2011)

46.1.2 pH

pH is a measure of theoncentrationof protons(H) in asolution (Akcil and Koldas, 20p6The pH

scale indicates eitheacidity or alkalinity of watesoluble substances. The pH scale is numbered
from 1 to 14, the pH of pure water has a value of 7, watéh a pH value lower than 7 is considered
acidic and water with a pH value higher than 7 is considered alk@likel and Koldas, 20D6This is

not a linear scale, but rather a logarithmic scale which means that two adjacent values of pH
increase or derease by a factor of 10. The normal pH range of freshwater systems is between 6.5
and 8.5 which is ideal for mosiquaticanimak and plans (Akcil and Koldas, 20Ran atypical AMD
environmentwater isacidic Acidic water has the potential to dissolve toxic heavy metalsthisd
could result in the watecontainingelevated levels oiron, cobalt, leadmanganese, aluminium and
magnesium(Akcil and Koldas, 20D&pecificallyin the Blesbokspruit, the recent paper Bynbani
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and Annegarn (20153oncluded that over the period 20e®011, pH values for all the sampling
locations had a range of 6&.8 which suggests a neutral to alkaline pH level. The seasonal variation
of pH wasalso not highly variable, and this was attributed to both the naturally alkaline geology of
the area as well as the treatment process of mine waste whereby lime is added wattewaterto

raise the pH level towards neutral/alkalifdmbani and Annegarr£015) This indicags that AMD
water wasalready being treatedt the Grootvlei minebefore the Eastern Basin AMD Treatment
plant came into operation.

4.6.1.3Dissolvedoxygen

Dissolved oxygermeasured in milligrams per litre (mg/kgfers to the level of fre@xygen present

in water (Chisloclet al.,2013) It is an importanwater qualityparameterdue toits directinfluence

on the aquaticorganismawithin the water. A dissolved oxygen level that is too high or too low can
harm aquatic life and affect water qualityOberholster, 2010)Dissolved oxygen is necessary to
many forms of life including fish, invertebrates, bacteria and plarte amount of dissolved oxygen
required varies between species;bottom feeders, crabs andvorms need minimal amounts of
oxygen (16 mg/L), while shallow water fish need higher leveld $4mg/L)(Oberholster, 2010)The
level of free oxygen is naturally maintained either through diffusioroxfgen richair from the
surrounding atmosphere intéhe water or can be produced as a result of photosynthesis from
aquatic plants(Chislocket al., 2013) Diffusion of oxygen into the water is also promoted by
increased flow rate¢Chislock et al., 2013Rissolved oxygen levels can alter due to the preaafs
eutrophication. Eutrophication isa process whereby freshwater systems becomdaden with
nutrients (Chislocket al.,2013) Sources of excess nutrients include agricultural runoff, -oaser of
synthetic fertilizers, septic tank or sewage leaks, arasion(Oberholster, 2010)When this occurs,
large blooms of algae and aquatic plantsive as they are fed witlexcessphosphorous and
nitrogen (Oberholster, 2010)When the alga@nd aquatic plantglie, micrecorganisms in the water
start feeding on tke organicremains as part of the decomposition proces®dnsequently the
decomposition processses up the available oxygen in the water. This leaves ldifsolvedoxygen

for fish and other aquatic animals, resulting jpossible suffocation and death of aquatic life
(Oberholster, 2010)

4.6.2 Mgor lons
4.6.2.1 Aluminium(Al)

Although aluminiumis commonly found throughout the earth, high concentrations can lead to
serioushealth problemswithin aquatic ecosystemgoléo et al., 1997)The water-soluble form of
aluminium such as aluminium chloride and other ions ameséthat cause harm to both humans
and the environmen{Poléo et al., 1997; Exley, C., 2013:pxic &uminium is often found in mining
and industrial areas wheraluminium is used during productioprocessegExley, 2013)In the
environment, aluminiumrich water has proven to have devastating consequences on fish
populations(Poléo et al., 1997)Hsh andother aquatic organisms such as amphibians and crayfish
population numbers decline due to reactions of aluminium ions with proteins in the gills of fish and
frog embryos(Alexopoulos et al., 2003 orsequently, birds that eat the contaminated fish and
amphibians also suffeBirdeggshelldbecome extremely thinrad brittle and newly born chickare
underdevelopedAlexopoulos et al 2003)

4.6.2.2 Ammonum (NHs*)

There are numerous forms of nitrogen that occur within aquatic environments, one such is
ammonum. Ammonum is different to most forms of nitrogen in that high concentrations cause a
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direct toxic effect on aquatic lifeJS EPA, 2013)his form ohitrogenalsoprovides excess nutrients
within awater body andindirectly affect aquatic life through the processtrophication(US EPA,
2013) Anthropogenic surces ofammonium include its productiorfor commercial fertilizersaand

from swageand industrialdischarge (DWAF, 1996)Natural sources of ammani include the
decomposition or breakdown of organic waste matter, gas exchange with the atmosphere, forest
fires and fromanimal and human wast@JS EPA, 2013)Vhen ammornim is present in water at

high enough levels, it is difficult for aquatic organismsufficiently excretehe toxic substanceThis
leadsto toxic buildup (bioaccumulation)n the internal tissues and blood, and potentially degthS

EPA, 2013)

4.6.2.3 Chlorile (Cl)

Chlorde is highly reactive in nature armeacts with other elements once in air and waferming
compounds (Henschler, 1994) reacts with inorganic matter in water to form chloride salfisr
example with sodium to form table salt whicis nontoxic.When dloride reacts with organic matter

in water to form what are known as chlorinated organic compouyntiese are venharmful to
organisms living in water and in sdiHenschler, 1994)These compounds havbeen highly
documented for toxicitywithin the literature. General conclusions have been made on the
compounds; many of these are toxic to humans and the environment. More and ofctleese
compounds are shown as being carcinogenic and mutaggténschler 1994) Many of these
compounds are highly stable and acauate in the environment, affecting humans through the
food chain. Important examples of these compounds include chlorinated pesticides such as the
highly documented DDT Dichlorodiphenyltrichlorethane) biphenyls, dibenzodioxinsand
dibenzofurans (Henschler, 1994)These compounds and chloride levels are high risk to the
environment.

4.6.2.4 Fluoride (i

In a review of fluoride toxicity to aquatic organisms by CamagfiD3, fluoride pollution is
described as being more likely to effeauatic organisms living in soft wate(water with little
dissolved minerals/saltghan those living in hardwater that contains a high quantity of dissolved
minerals/salts) or seawater (Camargo, 2003) This is due to fluoride ion$aving reduced
concentrationswith increasing water hardnes@Camargo, 2003)In aquatic organisms fluoride
accumulats on the exoskeleton binvertebrates and in the bone tissue of fisHuoride is toxic in
that it acts as anmzymatic poisowhichinhibits enzyme activity and interrup metabolic processes
(Camargo, 2003)ncreasing fluoride concentration, exposure time and water tempamtocreases
toxicity levels in aquatic ecosysteniduoride toxicityis offset by increased animal body size as well
as increases in calcium and chloride le€lamargo, 2003)Some aquatic plants are also effective
in reducing fluoride concentrationsdm polluted water.Due toincreasedluoride availability in soft
waters with low ionic content, #uoride concentration as low as 0.5 nigdancause harmful effects
on aquaticinvertebrates and fisfiCamargo, 2003)

46.2.5 Iron (Fe)

Iron isa highly common element and an important component in soils and rocks. Iron in water may
be present in variable quantities due to the surrounding reglaeology (DWAF, 1996 It is an
essential trace element fadietary requiremens for all vertebrate and some invertebrate animals.
Iron in the bodyis used an important oxygen transport mechanism that occurs within the
haemoglobin in the blood of anima[®WAF, 1996 It is also a limiting factor for the growth of
plants and alga€Zawand Chiswell, 1999 Fe?*and Fe**are of concern in the aquatic environment

as these persist in waters with low levels of dissolved oxyQeidizedre>* cannot beconsumecdby
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organisms eithergexcept at very low pH value&aw and Chiswell, 1999 However iron is an
essential element for life anonly poisonous iextreme concentrationgZawand Chiswell, 1999

4.6.2.6 Magnesium (Mg)

Magnesium similar to iron, is an essential mineral usedabyorganisns exceptinsects and isalso
required for plant photosynthesigDWAF, 1996 Magnesiums found in fresh andaltwaterand is
spread naturally throughout the environmentlagnesium does not negatively affect human and
animal health and can only be poisonous in extreme concentra(iodgAF, 1996 Magnesium and
other alkali earth metals are responsible for water hardné@se environmental issues indirectly
caused by magnesium are due to softeners being applied to hard, magnesium rich(IyAté,
1996). In the past, phosphates were used as softeners, but these were discoveredus
eutrophication andare difficult to biodegrade(DWAF, 1996 In the present day, softeners used
include synthetic chemicals that do not cause eutrophication and are nat.tdriwever, some of
these synthetic chemicals are difficult to remove through water purification and can persist in the
water cycle(DWAF, 1996

4.6.2.7 Manganese (Mn)

Manganeseand manganese&ompounds exist naturally in the environment as solidsails and
small particles invater. Anthropogenic sources of manganese include industrial pollutienuse of
manganese pesticides atirning of fossil fuel§DWAF, 1996)Through these sources, manganese
can enter surface water, groundwater angilsFor animalsmanganese is an essential component of
enzymes that are used for the carbohydrate, protein and fat metaboli@WAF, 1996)Therefore,

too little intake of manganese will lead to growth, bone formation and reproduction deficiencies
(DWAF, 1996 However, if essentiahanganese doses are exceeded, the lethal dose of manganese
can be quite low for some animals meaning that natural levels are needed for optimum growth and
survival of animal{DWAF, 1996)Manganeseand manganese substancesn betoxic in high
concentrationas they cause brain, lung, liver, reproductive and vascular problems leadimgdair
developmentin animal§DWAF, 1996 Manganese can cause both toxicity and deficiency symptoms
in plantsas well Between toxic concentrations and concentrations that cause deficiereissall

area ofmanganese&oncentrationis needed fooptimalanimal and plant growtiDWAF, 1996)

4.6.2.8 Nitrate (N@) and PhosphatdPQ?*)

Nitrate, along with ammonium mentioned previously, aeactive and biologically availadierms of
nitrogen. Nitrogen is a essentialdietary requirement for allplants and animals. Although
elementary nitrogen gas takes up a large portion of aicaitnot be taken up directly by organisms
(Gilbertet al.,2005) Nitrogen is bound and converted to nitrate by bacteria within soils through the
process of nitrificationThisprocessreleases energgnd addsnitrate to soils that carthen be used

by plans for growth (Gilbert et al., 2005) Phosphorouscan be found in the environment most
commonly as phosphates. Phogphs is an essential nutrient for plants and anima&lsthropogenic
influences have changed the natural nitrate and phosphate su@itisloclet al.,2013) These two
nutrients are extensively used in agriculture as nitrate and phosplfatel ammonium)rich
fertilizers are required for increased food producti¢@hislocket al., 2013) When fertilizers are
overused or applied outsidehé growing season, excess nutrients cannot be used and end up in
freshwater ecosystems. This process eventually leads to eutrophicatierebyfreshwatersystems
becomeladen with nutriens as mentioned Chisloclet al.,2013) When in deficientoncentrations,
nitrogen (ntrate and ammonium) levels can be limiting factors for growth in some c&esphate

is commonly the limiting factor for algal growth in water bal{&ilbertet al., 2005) Increasing
phosplate concentrations iffreshwater eosystemsncreaseshe growth oforganisms such asgae
and duckweedwhich are able to exploit excess phosph@®bertet al.,2005)
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4.6.2.9 Sodium (Na)

Sodium compoundare naturally present in the environment atite water cycle the most common
beingsodium chloridgtable salt)(DWAF, 1996 50dium compounds serve many different industrial
purposes they are used imetallurgy applied as a synthetic fertilizemd usel in the food industry

as a preservative or flavouring agefDWAF, 1996) Sdium carbonate is applied in water
purification to neutralize acidend sodium hydrogen carbonate isised in soap and cleanser
production.Sodium is a dietary mineral fanimals and humans and is also present in drinking water
(DWAF, 1996 Sodium is not considered to lexic; mammalsrequire sodium for nerve and muscle
function as well as maintaining blood pressure leyBI¢/AF, 1996)Excess sodium can often lead to
increased salt levels in the water which can become problematic to organisms that are sensitive to
increased salinityDWAF, 1996)Within an AMD environment, increased sodium levels are expected
especially when considering the processewa$tewatertreatment. Lime is used to neutralise acidic
water, and this generates increased salinity within the treated wékdcCarthy, 2011)

4.6.2.10 Sulphate (S@

Sulphate is naturally present in water as some rocks and soils contain sulphate minerals. As
groundwater and surface water moves through the rocks and soil, some of the sulphate is dissolved
into the water (McCarthy, 2011)The issues surrounding the presence of sulphate within AMD
environments hae been mentioned; ores rich in sulphide oxidisedazause the chain reaction of
AMD (McCarthy, 2011)Therefore, sulphate levels are elevated within these environments and the
subsequent processes lead to devastating environmental danflsig€arthy, 2011)Sulphate can

also become elevated in industrial aress sulphuin coal/oil oxidises to sulphur dioxide ($@hen

burnt. Sulphur dioxideyasthen dissolves irrainwater, forming acid rainwhich eventually enters

into aquatic ecosystem@McCarthy, 201l However, it is expected that the AMD contribution of
sulphate levels are dominant within this study ar@@e main issue of sulphate surrounds the
chemical reaction producing ;BQ (sulphuric acid) during the process of sulphide oxidation
(McCarthy, 201). This process is responsible for AMD and all the issues surrounding AMD which
have been mentioned. Sulphate levels within the Blesbokspruit are of high concern and importance

4.7. Riversedimentquality - heavy metals

Any metallic element that itighly dense and is toxic at low concentratiosslescribed as a heavy
metal (Verma and Dwivedi, 2013)hel7 trace elementghat are identified within river sediments in

this study are: scandium, vanadium, chromium, cobalt, nickel, copper, zinc, gallruidium,
strontium, yttrium, zirconium, niobium, molybdenum, barium, lead, thorium and uranilimese

trace elementshave been identified using-Ray fluorescence spectrometryand are measured
mg/kg. This common technique is widely used within the &tare as an effective way of identifying

and quantifyingheavy metals within sediments, soils and rocks (Weltje and Tjallingii, 2008).
mentioned, they cannot be degrademt destroyed and they can bioaccumulate, ,ian increase in

the concentration of a certain chemical compound within an orgar(igerma and Dwivedi, 2013)

The chemical compounds accumulate within the bodies of organisms such as birds and fish faster
than they can be broken down/metabolized or excret@derma and Dwivedi, 2013At higher
concentrations heavy metals can be poisoning and cause catastrophic damage to the entire food
web (Verma and Dwivedi, 2013River sediments of the Blesbokspruit haveeeubject to heavy
metal contamination over many years of mining activRyer sedimenheavymetal analysis ign
indication of the potentialevels of heavy metal contamination moving downstream through the
wetland system.
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The most commotoxictrace elementghat originate from AMD environmen A (G KA Yy { 2 dzii K
gold fieldsinclude arsenic, aluminium, manganese, cobalt, copper, nickel, lead, uraniunziand
(McCarthy, 2011; Makgae, 2012As mentioned, there was sigignt enrichment ofuranium,
mercury, vanadium, chromium, cobalt, copper and zimoserved in the sediments of the
Blesbokspruit in the study conducted by Roychoudhury and Starke (ZD@6ighest enrichment
factors of each element were alsubserved in areas near decant points as wellrase dumps
(Roychoudhury and Starke 200&)swith the water quality parametersthe river sediment heavy
metals will be explained in terms of possible pollution sources as well as impact on aquatic
ecosystens.

4.7.1 Cobalt(Co) andcopper(Cu)

Cobalt anccopperboth do not break down in the environment and therefore bioaccumulate. These
two elements are enhanced in the environment through human activity such as mining, processing
ores and chemical indust{DWAF, 1996)Soils and sediments near these processes are far more
likely to accumulate cobalt and copper which can spread through the food ¢D&WAF, 1996)
Cobalt and coppegenerallymobilise under acid conditions that occur during the process of AMD,
however, they both generally end up in soil and sedimef@VAF, 1996)When in extreme
concentrations, both these elements are extremely harmful to aquatic life and humans. High doses
of cobalt hae been a@scribed as beingarcinogenit¢o aquatic life(DWAF, 1996)

4.7.2 Nickel(Ni) andlead (Pb)

Nickel, lead and the compounds associated with the two elementstaie to the environment
(DWAF, 1996)Although rickel is a dietary requirement for many organisihgan be toxic in larger
doses. Metallic nickel and some other nickel compounds are teratogenic and carcinogenic to
mammals(DWAF, 1996) ead salts and organic lead compounds are described as bxirgnely
dangerous Low concentrations of lead affect fish as they swim, soluble lead in water causes a
mucous to form over the body of the fish and this eventually leads to suffocation and death (DWAF,
1996).If these heavy metals are not removetfectivelyfrom decant points ananine dumps,they
persist andaccumulate in organisms, sedimertisd water systemé@OWAF, 1996).

4.7.3 Uranium (V).

Uranium cannot be found in elemental form within the environment due to its high reactivity
(DWAF, 1996)Uranium isdangerousdue to its radioactivity and thédecay products such as radon
gas arehighlytoxic (DWAF, 1996)Due to the high reactivity of uranium,usually reacts with other
elements and these uranium compounds dissolve in wEDAWAF, 1996)Jranium can also occur in

air as dust that has the potential to settle in areas far from pollution sources such asanihmine
dumps(McCarthy, 2011)The fallout of uranium dust is especially likely and damaging whiaga
dumps are unvegetated and neagtdements(McCarthy, 2011)Uranium does not bioaccumulate in
fish and other aquatic organisms due to its reactive nature; after it is absorbed it is eliminated
effectivelyduring waste excretio{DWAF, 1996)

4.7.4 Zinc (Zn):

Zincis refined fromrocks and ores and can enter aquatic ecosystems through erosion of zinc rich
rocks or through industryDWAF, 1996)The element occur® two oxidation statesas zinc anés

Zrt*, andZrt*is toxic to fish and aquatic organisms at low concentrati@4/AF, 1996)The highest
concentrations of zinc occur in waters that are acidic and highly conductive. d&tuble and
insolublezinc salts enter aquatic ecosystems through industrial actiWAF, 1996)Examples of
common zinc salts include zinc chloride, zinc sulphate, zinc nitrate and zinc sulphide. High toxicity
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levels are associated with these zinc salts, in particular, zinc chloride and zinc syIpiédd-,
1996)

4 .8Land Use:

Both the water and sediment quality involve physical and elemental parameters as mentioned.
These parameterare influenced by the land use/ land cover of the surrounding region. Processes
occurring in the surrounding region can impact negatively/ poditioe both water and sediment
guality and this has been explained for each parameter and macro element previdligtyn the
literature, the role of land use with regards to general water and environmegaahlition has been

well documented. It is eviderthat there are significant relationships between land use and water
guality parameters such as nitrogen and phosphorfiteng and Chen, 2002.and which is mainly
used for agriculture and residential areas influence and increase the amount of nitrogen an
phosphorous within wate(Tong and Chen, 2002As mentioned, ammoam, nitrate (both forms of
nitrogen) and phosphate (phosphorous) which are the water quality parameters specific to this
study, are all heavily influenced by both agricultural and redidéland use areas. Land use areas
such as mine dumps and industrial areas have been identified as potential hotspots for heavy metal
contamination mentioned previouslgMcCarthy, 2011)Land use/ land cover maps for the entire
Blesbokspruitatchment have been created for the purpose of this research. The role of land use/
land cover with regards to both water and sediment quality will be evaluated and discurssed
further chapters

4.9 Sedimentquality analysis

The methods used to calculawediment qualityhave been adapted from the sediment quality
indices usedn the paper byRoychoudhury and Starke (2008his paper has value in that the study
was conducted along the Blesbokspruit over ten years dtpese calculations have been adapted
from the paper so cannot be directly compared to results of the 28@@ly but are useful in
describing trace metal pollution along the BlesbokspfTiite following calculations will be used as a
determination for sednent quality regarding trace metal contamination

4.9.1 Enrichmenffactor (EF)

The EF is a ratio and is determined by dividing the amouiriaoé metal concentratiofTMC) for
the individualsample by the TMC of the background reg{derived from the natural surrounding
geology)in the following simple equation:

00 (2) Adapted fromRoychoudhury and Stark2006

Note that the equatiordoes not account for the concentration affected by the variation in mobility
of different trace metal{Roychoudhury and Starke 2006he background value acts as a target
value that should be met after remediation of the sifen EF ratio (with respecbteach metal and
site) that is less than the value of rheets this target value and the sample is described as
unpolluted. An EFvalue between 1 and 2 = very lightly pollute&F between 2 and 3 = lightly
polluted, EF between 3 and 4 = moderately pollutédr between 4 and 5 = highly polluted and an EF
greater than 5 = very highly pollutéBoychoudhury and Starke 2006)

4.9.2 Sediment ewvironmental risk factor (SEFD)

TheSERHRs alsoa ratio and isalculated to determine the ecologiaak caused bynetal pollutionin
the study areaThefactor has been adapted from the 2006 paper anchileulated as follows:

YOY ' O——— (3) Adapted from Roychoudhury and Stark@006), where total metal
concentration (TMC) threshold representsthe concentrationof when the specific trace metal
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becomes toxic to the environmenfThe EERF is similar to thenrichment factor calculation
however, the site values are compared to the threshold concentration and not the background
concentration (target value) of the trace metal in the regi®@hethreshold value therefore describes

the need for human intervention/ remediatiofRoychoudhury rad Starke 2006)ERF values greater
than 1, i.e. the sample value exceeds the threshold for-tegity, suggest that remediation is
required at the site. AAERF factor of 1.5 and over would suggest that the sediments have a high
potential of being toxic to the environment and remediation is essentisBERF factor between 0.5
and 1.5 is described dsaving a moderate potential faoxicty and human intervention would be
recommended in the are@Roychoudhury and Starke 2006ERF Valudstween 0.2 and 0.5 are
described asaving a low potential for toxicitgnd SERF values below 0.2 are describdthasg a

very low potential for toxicityThere is a lack of specific guidelines for trace metal concentrations
within South African wetlarg] and he ecotoxicity threshold values and background values are
those used in theRoychoudhury and Starke (2006) papEne TMCthreshold values are based on
Dutch regulations fowetland trace metal remediation and thEMCbackground values are based o

the average composition of the Vryheid Formation which is what the Blesbokspruit is currently
eroding(Roychoudhury and Starke 2006)

4.9.3 Limitations insediment quality analysis

The two sediment quality factors thdtave been calculated are limited. Although these simple
factors provide a effectiveway of comparing the extent of pollution between different sites, the
main limitation is that these factors do not account for mukipnetal combinationgRoychoudhury

and Starke 2006Caeiro et al., 2005 Metals that occur together can cause changes to levels of
toxicity experienced at the site, changes that cannot be accounted for by using these two factors
(Caeiro et al., 20051tis important to note that these two sediment quality factors are also limited

in the sense that they only describe the potential for @cogicity and act as guidelines, and not
specific toxicity to specific biota such as the bird/ fish species alonglésedkspruitRoychoudhury

and Starke 2006)

4.10 Soilquality parameters

4.10.1 Soil pH:

Soil pH is a measure of the acidity and alkalinity in shilst as the pH of watespil pH levels range
from O to 14, with 7 being neutral, belowbiingacidic and above Beingalkaline(Akcil and Koldas,
2006). The optimal pH range for most plants is between 5.5 andAk@il and Koldas, 20p6Some
plants have adapted outside this pH range but because pH levels control plant nutrient avgilabilit
pH levels need to be maintained near this range for optimal plant grqkcil and Koldas, 2006

In a study conducted by Naiker et al. (2003) regarding the Witwatersrand gold region, the research
concluded that ground water within the mining area veadremely contaminateavith heavy metals

and highly acidi (Naiker et al., 2003Where the water table was close to the surfaaad in areas
near mine dumps and decant points, the upper 20 cm of soil were hgglitlic andcontaminated

with heavy metalgNaiker et al., 2003). The contamination and acidity are made worse through
increased capillary action in the soil as well as evaion over time(Naiker et al., 2003).

4.10.2 Soilelectricalconductivity:

Soil electrical conductivity is a measuremeat soil quality that directly influencesrop
productivity, soil texture, cation exchange capacity, organic matter lesadinity, and subsoil
characteristics(Frempongand Yanful, 2006 Electrical conductivityepresentsthe ability of an
aqueous solution to carry an electric curreanid represents soil salinifiightet al.,2005) Within
AMD environments, amentioned, soil pH can be altered drastically as a result of acidic ground
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water movement(Naiker et al., 2003)The acidic nature of soils influence conductivity in that soil
minerals such as dolomite, gibbsite, diaspore apatite are dissolved by the gecalind water
moving through the soil(Frempong and Yanful, 2006)his increases soil conductivity in areas
exposed to AMD pollutiorSome pants are detrimentally affected, both physically and chemically,
by excess salts and high levels of exchangeaahkin soils(Frempong and Yanful, 2006)

4.11 Mechanisms by which wetlands purify waste waters containing heavy metals and excess
nutrients

The literature shows that natural and artificial wetlands purify waste waters containing heavy metals
and excess nutrients (Matagi et al., 1998; Maine et al., 2006). The four main mechanisms by which
heavy metals and excess nutrients are removed are phlysibemical, biological and biochemical
(Matagi et al., 1998). These mechanisms occur within the water, biota (plants and animals),
substratum (underlying bottom layer of sediment) and suspended solids of the wetland
(Padmavathiamma and Li, 200Th mostcases these processes are dependent on one another, they
occur simultaneously and therefore it is difficult to pinpoint the exact mechanism which is taking
place at any given time (Matagi et al., 1998). For example, physical processes such as filichtion a
sedimentation which occur together as the vegetation (biological mechanism) acts as a hindrance for
the water moving through the wetland, slowing its velocity which allows for sediments to be
deposited (Matagi et al., 1998; Khanijo, 2002). The substtada acts as a medium for filtration
processes. To adb this example, physical mechanisms are only able to purify water after other
chemical mechanisms have aggregated heavy metals into particles large enough to sink
(Padmavathiamma and Li, 2007n this example heavy metals are removed from the water and
trapped in the wetland substratum, thus reducing heavy metal mobilization downst{étaragi et

al., 1998) Along with physical mechanisms mentioned, trace metals are also reduced by biological
mechansms such as plant uptake and chemical mechanism during the precipitation of the metal
compounds or by exposure to sunligftadmavathiamma and Li, 200A biochemical mechanism
involves a chemical process occurring within a living organism (Khanijo, Fad2Zxample, floating
plants such as water hyacinth, duckweed and water fern store iron and copper found in wastewater
(Sakadevan and Bavor, 199aine et al., 2006)Typhaand Phragmitesreed beds also aid in the

role of heavy metal uptakeSgkadevanrad Bavor, 199%hanijo, 2002).

A natural function of wetland vegetation is the-tgke, store, and remove the nutrients (nitrate and
phosphate) found imunoff from the surounding soil and wate(Khanijo, 2002) Nutrients are
retained until plants die or are used up by animals or until microbial processes convert soluble
nutrients to a gas, as it is the case with nitréiiéaine et al., 2006)The main biological mechanisms
occurring in wetlands that results in removal of pollutants and nutrients are photosynthesis,
respiration, fermentation, nitrification, denitrification and phosphorus remog&hanijo, 2002)
Photosynthesis helps in maintaining the oxygen supply for pl&espiration helps in maintaining
dissolved oxygen content in the watéiKhanijo, 2002) Fermentation leads to decomposition of
organic carbon. Nitrification and denitrification are mechanisms of the nitrogen cycle that results in
removal of nitrogen(Kharijo, 2002) Phosphorus removal mechanissuch as enhanced biological
phosphorus removal performed by phosphate accumulating organisms (mainly bacésudts in
removal of phosphorous from the wetlan@akadevan and Bavor, 199%n this way wetlands can
retain and store both heavy metals and nutrients within the water, reducing heavy metal and
nutrient concentrations downstream.
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5. Methodology
5.1 Site description

The Blesbhokspruit Wetlandtudy area is situated in the East Rand ndamnneshurg, just outside
the town ofNigel Theriparian wetland along th@&lesbokspruitleveloped as a result of mgryears
of regular pumpilg and disposabf mine waterfrom Grootvlei Gold Mines and adjacent diea
mines in the aregRoychoudhury and StarkeQ@). The wetland was designatedRamsar Sitelue

to its ecological importance in supportiige MarievaleBird Sanctuaranda 25 km longgreen belt
(Roychoudhury and Starke, )0 Historic nine water effluent flowingthrough the wetland
ultimately distarges into thevaal River, one of the major sources of fresh watgply toGauteng
province (Roychoudhury and Starke, 28000chieng, 2010)Thestream flows almosnorth-south

through the studyarea and because of its low gradient, the riveswganpy for most of its course
(Roychoudhury and Starke, 28)0 The swampy areas are covered wiltyphaand Phragmites

vegetation(Roychoudhury and Starke, Z)0The building of the new

AMD treatment plant near the

Blesbokspruit adds a new element to the studgaprevious studies involvedinglng out mines
that produce hamful pollution into the wetland. fis study identifies whether processes occurring

at the Eastern BasiAMD Treatment planare influencing water quality in the Blesbokspruit wetland

downstream. This projechas focusedampling specifically at the Marievale Bird Sanctuarytaed
areas upstream and downstream of tAé/D treatment plantalong the Blesbokspruit.

5.2 SiteMap
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Figure7: Ste map. This site magas been adaptednd modifiedfrom the map

illustrated in the technical report by Mckay et a{2018).
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The site map on the previous page (figufeillustrates the complexity of the Blesbokspruit and
Marievale Wetland. With reference to the site map, the AMD treatment plant is situated near
sample point B16 at the Grodei mine which is nearer the northern portion of the wetland area.
Severalslimesdams/ mine dumpsare spread along the stream, and some of these have been
reclaimed and reworked in the recent pgdicCarthy, 2011)According to the site maghesemine
dumpsare extremely largewith somespanning areas of over 6 Enirhe wetland isurrounded by
formal and informal residential areas and industrial zones including Slovo Park, Daggafontein and
VenterskroonThere are three sewage plants adjacent to the mraiar, and the Marievale Wetland
lies adjacent to large agrittural fields. The Blesbokspruivetland, therefore, is subjectto
contamination and pollution from multiple areasnd not just AMD pollution but also sewage,
industrial effluent and agricultural pollution such as fertilizers and pesticides. Due to hiegéng
multiple sources of possible pollution in the area, sampling points for this research are sfwagd
the entire wetland.There are also historical water quality data for the area andette data are
valuable for the purpose of this research.

5.3 Water sampling methods
5.3.1 Historical andcurrent samplingsites

As mentioned in the literature review, Ambani and Annegarn (2015) used monthly histRandl
Water quality recordsfor the Blesbokspruit Wetland. Three separate Rand Water historical sites
were chosengite B5 at the stream inflow to the wetlandjte B16 just after the discharge point of
pumped underground mingvater at Grootvleimine shaft no 3, andsite B11 at the stream outflow

from the designated wetland area (Ambani and Annegarn, 2015). For the purpose of this research,
the historical data at theséhree sites will also be used. Two more sites have been included for use
in this research: site B15 on the Ntbil road at Springs which is downstream of the discharge point

at site B16 andsite B17 which icatedwithin Marievale Bird Sanctuary itéel

Table 1:The five historical Rand Water data sites

No. Site Name GPS Location

1. B5 Blesbokspruit atvelgedacht Inflowinto the S26.21456E28.48008
wetland

2. B16Bleshokspruit aGrootvlei Mine Train Bridge S26.25%53E28.4989

3. B15 Bleshokspruit on N17 Toll Rea&prings S26.27100E28.50400

4, B17 Blesbhokspruit aflarievale Bird Sanctuary S$26.3590E28.5080

5. B11 Blesbokspruit on R42 bridgeMigelstream S26.39D75 E28.49719
outflow

Data from these siteare uploaded quarterly onto the reservoir website by Rand Water. Considering
the aims of this project; data provided omad a half yeargrior (starting ' January 203) to the
launch of the new AMD treatment planfggust 2015 has been analyset identify water quality
before the launch of theAMD treatment plant. Data spanningearly three yearsfter the launch
(until 32 March 2019) of the treatment plant have been used and analysed to consider whether the
introduction ofthe treatment plant has hadrainfluence on water quality and AMD pollutioritiin

the area.
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4.3.2 Groundtruth water samplesites:

A full year record of monthly water sample collection has been complietetder to cover the full

range of seasonalitpf the area A total of eightground truth watersample sites were visited
monthly. Fiveof these eight sitesire the same sitesised by Rand Water and the remaining three
sites lie within the Marievale Bird Sanctuary. These three remaining sites are named according to
their surroundingsMarievale Bird Sanctuary Bridgeuiker Hide, and Hadeda Hide. The sites have
beennumberedsite onethrough eight according to their position along the streafmom upstream

to downstream. The following tablerovides photos of the eight different sampling sites along with
the GPS coordinates and a short description.

Table2: Samplingsite area photos, GPS positions and site descriptions:

No. Sitephoto and caption GPS Locatioandshort site
Description

Sitel. S26.21456E28.48008 The

- first sample site is below the
bridge on Welgedztt road in
Springs. The site is
downstream of a largeiine
dumpand an informal
settlement. This site is the
inflow point into the
Blesbokspruit WetlandThis
site is upstream to the Easter
BasinAMD Treatment Plant.

Figure8: site B5 Blesbokspruit at Welgedacht Inflow inthe
wetland. Photo taken in September 2018 by Mourenco

S26.25%553E28.4989. The
Grootvlei mine bridgdies
downstream of the Eastern
Basin AMD Treatment plant.
isalsodownstream of
Grootvlei Proprietary Mines
and east of Strubenvale
residential areaThe water is
collected below the Old Mine
Train Bridge.

Site2.

Figure9: site B16 Blesbokspruit atGrootvlei Mine Train Bridge
Photo taken in September 2018 by Mourenco
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S26.2700E28.5000. The
B15Toll road site is both
adjacent and downstrearto
agricultural land. There are
small settlements upstream ¢
the site.The B15 site is
approximately 6 km upstrean;
of Marievale Bird Sanctuary.

Site3.

Figure10: B15 Blesbokspruit on N17 Toll Road in SprinBsoto
taken in September 2018 by M.ourenco

S26.33121 E28.51352
Marievale Bridge (site 4)
marks the start of the
Marievale wetland arealhis
site is adjacent tagricultural
land, mine dumpsand open
vegetated landThee is a
large mine dump that is less
than three hundred meters
away from this ample site.

Site4.

Figurell: Marievale Bird Sanctuary Bridg@&hoto taken in
September 2018 by M. Lourenco

S26.34496 E28.51380 Duiker
hide is downstream of the
Marievale Bridge and the site
SEGSYRaA 2dzi A
main river channellt is

further away(1 km)from the
large tailings dam adjacent to
the Marievale Bridge site (siteg
4).

Site5.

A

Salis: )
Figurel2: Duiker Hide inMarievale Bird SanctuaryPhoto taken
in September 2018 by M. Lourenco
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Site6.

Figurel3: B17 Blesbokspruit at Marievale Bird Sanctuary
Photo taken in September 2018 by M. Lourenco

S26.3590E28.508€0. The
Rand WateB17 site is
situated in the centre of the
Marievale Bird Sanctuary and
the water samples are
collected over a small bridge.

Site7.

Figure 14: Hadeda Hide in Marievale Bird Sanctuary. Photo te
in September 2018 by M. Lourenco.

- T3

Figure 15: Hadeda Hide in March 2019. Photo taken in March Z
by M.Lourenco

S26.3623E28.51249, The
Hadeda Hide site also extend
out into the wetland channel.
Thereare missing data from
this site due to the site being
completely inundated by
green algae and duckweed
during the months of January
2019 toMay 2019. Water was
not collected during ttg time
as the water at Hadeda has
was not flowing, but stagnant
YSI data was measured at thg
site. Images of the green algg
and duckweed inundation car
be seen in thdigure 15 to the
left.
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Site8.

il g

Figure 16811 Blesbokspruit on R42 bridge at Nigel stream

S26.39D75E28.49719. Site
B11 marks the end of
Marievale Bird Sanctuary and
is thelast sampling point. The
site is below the R42 Bridge i
Nigel and the stream water is
turbid as it rushes down a
fairly steep gradienbelow the
bridge. The stream water
continues to flow south from
this point and passsthrough

outflow. Photo Taken in September 2018 by M. Lourenco N|ge| and He|de|berg_
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Figure 17: Sample site map showing the Rand water and ground truth water sample s

Thesamplesite map aboverepresents theentire Blesbokspruit catchment area along with the main
river channel and itsributaries. The small numbered icons on the map represent the locality of the
eight sampling sites that have been mentionadable 2previously The map shows the area of the
Blesbokspruit wetland. Thé&larievale Bird Sanctuary Wetlanakea overlaps the Blesbokspruit
Wetland area south of sampling site number 4. The position of the Eastern Basin Water Treatment
plant is shown northwest of site number 2 (B16) dodr other treatment plants in the area are also
represented as black circles. The sub quardey catchments are also shownthis sample site map
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4.3.3 Sample collection:ground truth water samples

Sample sitesvere accessible via motor vehicle as sites are located either along/dirainoadsor
under bridges. For each sample site (sites one through eight) sterilized 500 ml bottles were used to
collect watersamples Upon arrival at thesampling locationthe individual bottle for each site was
first rinsed with water from the actual stream at least three times before filling bottle to ensure no
contaminationfrom previous collections. The bottle was then labelled with tape and the site name
and date was written onhte tape with permanent maker. Site descriptiomere also noted irafield
notebook, these included whether the water was clear/turbid, as well as the infield data collection
for each sample site. ifield data collection was determined usiagf Simulti parameter probe For
water quality parameters pH and conductivitthe YSheeded tobe calibrated prior to field work.
YSI readings included values for temperature gpid conductivity These values were recorded @n

field notebookas well as the time of sampling. The labelled 50&atier bottle was then stored in a
sealed cooler box ah after completing the fieldwork the samples were refrigerated overnight.
Within 24 hours of sample collection, the samples witered using0.45um pore sizédfilter paper

and stored in newly labelled 500ml samples and placed back into the refrigéetioeen?2 to 4 °C.

It is important to note that maximum care for cross contamination was taken asfiltieging
equipment was cleaned and rinsed with deionisedavat least three timedefore and after each
sample wadiltered. A new filter paper waalsoused for each sample.

5.4 Soilsampling methods

Soil samples werecollected alongtwo separate river transectsduring November 2018 and
December 2018These transects ran perpendicular to the stream and each soil sample was collected
roughly 2030 meters apart. The reason for sampling soil along these transects was to pmvide
spatial assessment of surface sahductivity and soil pH adjgnt to the main river channeBoil
samples were collected usid@0 cn? bulk density cupshat have a diameter of 5 cnThe soil was
collected as followsafter getting close to the ground, an area in between thegetation that had

bare soil was identified. Once a suitable area was found, loose pebbles and materials, such as twigs
or grasse$ad to be removed from the surface to uncover the bare soil beneiier noting down

the bulk density cup numbethat wasbeing usedthe cup was correctly placed into the bulk density

cup holder. Then the bulk density cup holder with the mounted bulk density cup was pushed directly
into the baresurfacesoil. The top of the bulk density cup holder was hammered into the gtoun
until the bulk density cup was filled with the topsoil. The cup extracted soil in the rargi@®Em,
depending on how easily it was hammered into the ground. When the cup was completely full, the
excess soil below the cup was shaved off using theskailing tool to ensure that the cup was filled,

but not overfilled at the same time. Note that if the cup was not filled correctly, the procedure
needed to be redone near the original site; i.e. no more than two meters from the previous
attempt. Oncethe bulk density cup wasuccessfully filled, it was removed out of the holder and
excess soil from the other end was shaved, to ensure the cup was filled correctly. The cup was then
enclosed, and the sample was stored in the bulk density cup briefcase. rblcedpre was
completed for a totabf 13 samplingites across théwo river transects

5.5 Riversediment sampling methods
The sampling of River sedimem¢avymetal analysigjivesan indication of the potential levels of
heavy metal contamination within river sediments due to historic mine pollutggdiment sampling

was carried out in September 2018 during Spring season. The samplingrsitte same sites used
for water collecton. Sediment was collected from each of the riverbeds at sample sites one through
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eight. Acylindrical gravitycorerof 8 cm diametewas used to collect approximatetlye top 510 cm

of surfaceriver sediment at each sample site. In areas where the stragas under a bridge, the
corer needed to be lengthened using drteter-long poles that screwed onto each other and the
corer. In order to extract the sediment, the corer was pushed into the riverbed with reasonable
force. The corer then needed to be pulleut of the water and, if successful, the sediment at the
bottom of the coring tube acted as a plug so that the sediment and water column wemldin
intact inside the tube. The water in the tube was then carefully emptied and the @ &m of
sedimentwas placed into sealed and labellpthsticbags. Thesight labelledbags were therstored

in a fridge ak °C.

5.6 Laboratorymethods(water, sediment and soil)
5.6.1 Laboratorymethods: water samples

Monthly water samples collected from each sample site in the field were analysed in the Bernard
Price Water Laboratory using Hachtest kit. The instrument used is called thdachDR 2800
Spectrophotometer and the methods used for each water quality parameter were obtained from the
DR 2800 procedures manudF 2dition, written in June 2007. The online web address is as follows:
https://www. Hachcom/assetget.downloaden.jsa?id=763998243@ he Hachinstrument was used

to determine phosphate, nitrate, sulphate, iron and chloridall measured in mg/Ugvels in the
ground truth water samples that were collecte8anples had been analysed with thtachtest kit

within two days after they had been collected from the field diitkred. Each analysis for the
individual water quality parameters were carried out in batchBse sample cells used were cleaned
thoroughly and rinsed three times over with deionised water between each individual test to avoid
cross contamination between sample%.pipete was used to accurately measure liquid quantities
and new pipete tubes were used for each of the testsaboratory coats, a face mask and gloves
were worn throughout the laboratory process as some of the tests make use of hazardous
substances. Here is a short description for each water quality paramBtermethods used were
followed strictly according tohe DR 2800 procedures manudf 2dition.

5.6.1.1Phosphate

The method used is the phosphorous reactive (orthophosphate) method which has a detection
range of 0.02 to 2.50 mg/L O To begin the test 490phosphate reactivevas selected on thelach
analyser 10 mL of an individual water sample was then filled abeansample cell. The contents of
one PhosVer 3 Phosphapdlow powderwas poured into the cell and then the cell was closed and
shaken for 30 seconds. Tipeepared cell was then leftundisturbedfor a two-minute reaction to

take place In summary, adhophosphate reacts with molybdate in an acid medium to produce a
mixed phosphate/ molybdate complex. Ascorbic acid then reduces the complex, giving an intense
molybdenum blue colourFrom there, a blank sample cell wasedwhereby 10 mL of the same
sample was filled into a new sample cell. This blank cell was used to zero the instréfiemthe
two-minute reaction the prepared sample wathen placedinto the Hachanalyser and the results
were displayed in mg/L POfor the sampleThe st resultswere measured at 880 nrby the Hach
analyser.This process is repeated for each sample collected from the field.
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5.6.1.2 Sulphate

The method used is the SulphaVer 4 pillow powder procedure to test for sulphate. This method has
a detection range of 2 to 70 mg&Q?. To begin, the test 688ulphatewas selected on thélach
analyserDue toalmost all ofthe samples having sulphatevelsover the limits of detection of the
Hachanalyser, the samples were diluted with deionised watea 1:10 ratio A prepared sample cell
was made by filling 1 mL of an individual samguhel 9 mL bdeionised waternto a clean sample
cell. A dilution factor of 1:10 was selected on thiachanalyser.The contents of one Sulhaver 4
reagentpillow powderwas then addedo the sample cell. The sample cell was closed and swirled to
mix. A white turbidity formed if there was sulphate present in the sample &edlthe results were

not affected by undissolved powder.fike-minute reaction timebegan,and the sample cell vealeft
undisturbed.In summary sulphate ions in the sample react with barium in the@aNVer 4pillow
powderand form a precipitate of barium sulphate. The amount of turbidity formed is proportional
to the sulphate concentrationA blank sample then wassed in the exact way as that used for the
phosphatedetermination to zero théHachanalyser. After thdive-minute reaction time the sample
was placed in thédachanalyser and the results in mg/L 8Qvere noted for the individual sample
with the correct dilution factorThe est resultsvere measured at 450 nrhy the Hachanalyser This
process was repeated for each sample.

5.6.1.3 Nitrate

The method used is the NitraVer 5 high range nitrate reagent pillow powder procedure. This method
has a detection range of 0.3 to 30.0 m@®O;. To start, he 355Nnitrate high range pillow powder

test was selected on thélachanalyser. A sample of 10 mlas prepared and the contents of one
NitraVer 5nitrate reagent high range pillowowderwas added to the prepared sample. The sample
cell was then closed and shaken forcefully for one minute. Undissolved powder does not affect the
results of this testThe sample was then left undisturbed farfive-minute reaction time, during
which cadmium metal reduces nitratensin the sample to nitrite. The nitrite i@react in an acidic
medium with sybhanilic acid to form an intermediate diazonium salt. Hadt couples withgentisic

acid toform an amber coloured solutiorDuring the reaction periodhe blank sample cell was
prepared to zero thdHachanalyser After the reaction time had endedhe prepared sample was
placed in the analyser and the results ing/L N@ were noted for the individual sampl&he est
resultswere measured at 500 nrhy theHachanalyser.

5.6.1.41ron

Themethod used is theFerroVer pillow powder procedur®r total iron and has a detection range

of 0.02 to 3.00 mg/L Fe. To begiest 265iron FerroVemwas selected on thélachanalyser. A clean
sample cell was filled with 10 mL of sample and two drogshehanthroline indicatosolution The

cell was then swirled to mjxand the sample was placed into th#ach analyser to zero the
instrument. The same cell was then removed from tHachanalyser and the contents of one
FerroVer Iron Reagemillow powderwas added to the sample cell. Thap was then placed on the
sample cell and the cell was shaken for 30 seconds, note the accuracy was not affected by
undissolved powerThe cell was then left for three minutes to react, thRerroVer iron reagent
converts all soluble iron and most insoleldbrms of iron in the sampl® soluble ferrous iron. The
ferrous iron reacts with the phenanthroline indicat@olution to form an orange colour in
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proportion to the iron concentrationThe cell was then placeéd the Hachanalyser and the results
in mg/L Fe were noted for each samplEhe st results were measured at 510 nm by tHach
analyser for each sample.

5.6.1.5Chloride

The method used is the Mercuric Thiocyanate method to test for Chlofidle detection range for
this method is 0.1 to 25 mg/Cl. Test 70chloride was selectedon the Hachanalyser to begin
Similar to sulphate, the samples needed to be diluted in a 1:10 ratio with deionised water aslthey
had values othloride that were over the range detection limit ohis method A clean prepared
sample celwas filled withl mL of sample and 9 mlf deionised water. Another sample cell, the
blank sample, was filled with 10 mL of deionised wafepipete was used to put 0.8 mL afercuric
thiocyanate solutiorinto each sample cell. pipette was then used put 0.4 mL &drric ion solution

into eachsample cell. The sample cells were then swirled and left undisturbed for aniwate
reaction time.Chloride in the sample reacts with mercuric thiocyanate to form mercuric chloride
and liberatethiocyanate ion. Thiocyanate ions react with the ferricsdo form an orange ferric
thiocyanatecomplex. The amount of this complex is proportional to the chloride concentrafiog.
blank sample was then used to zero tHachanalyser The dilution factor of 1:10 was selected for
the Hachanalyserand thereafte the prepared sample was placed into the analyser and the results
of mg/L Clwere recorded for each sampl&he test results were measured at 455 nm by Hexch
analyser.

Note: the pillow powdersfrom the above analysesontain hazardousubstances for example,
cadmium and mercuric thiocyanat&he hazardous waste needs to be disposed of according to local
and regional disposal regulations. The waste matavis placed into a large sealed container and
stored safely for collection by @kified waste management company.

Calibration curves for each of the water quality parameters except for phosphate have been made
and are shown in the results section before thachwater quality results are presented.

5.6.2 Laboratorymethods: ®il samples
5.6.2.1 SoilpH andsoil conductivity

The laboratory method used for quantifyibgth soil conductivityand soil pH are thoseéescribedin

the soil laboratory manual by Hanlg2009. Thesemethods have been sited andare very similar to
most of theother methods within the literatureThese methods also have valimethat they can be
replicated in the School of Geography waterdediory. SoilpH and soil conductivitgnalysis have
very similar methodagy (Hanlon, 2009)The soil samples were first emptied from the individual
bulk density cups and placeoh clean paper plates to air drifrom there the soil wasieved through

a 2mm sieve an@0 grams were taken out of the mixture for analy@isnlon, 09) Both soil pH
and soil conductivity methodsquire 20 grams of soil to be mixed with 40 mL of deionised water
soil:water ratio of 1:2 was required for easbil sample(Hanlon, 2009)Once the 20 grams of soil
from an individual sample wasaced in asterilisedplastic cup, the cup was filled with exactly 40 mL
of deionised water and then gentstirred with a scraper. The mixture was then left to stand room
temperature. After a onehour reaction periodthe mixture was lightly stirred oncagain and a
calibrated (calibrated at 4 pH and 7 pH buffer solutions) YSI probe was placed in the mixture
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(Hanlon, 2009)The pH probe was not placed directly into the wet soil layer at the bottom of the
plasticcup, but rather held in position just abovke soil layer(Hanlon, 2009)After two to three
minutes, when the pH reading displayed on the YSI probe had settled, the soil pH was then recorded
for the individual soil sample and the method was repeated for each sample thereaftesante
mixture was then left to stand for another three hours. Only aftertotal four hourwaiting period

had passed, the soil mixture could be tested for soil conductiViefour-hour equilibrium period is
essential as it provides enough time for all the soluble commpls within the soil to dissolve
(Hanlon, 2009). This fodmour waiting period produces more accurate results, a longer waiting time
would not alter results significantly but a shortened waiting time would produce inaccurate results
(Hanlon, 2009) After the four-hour waiting period, a calibrated YSI multiparameter probe was
placed in the mixture. The conductivity probe needed to be placed in the upper, layedof the
plastic cup and not deep within theet soil layerto provide accurate results. Aftéwo to three
minutes, once the conductivity readings displayed on W&probe had become settled, the soil
conductivity was recorded for the individual sample and the method nepsated for the remaining

soil samples.

5.6.2.2 Laboratory methodsriver sediment samples

Sediments were analysed usikgray Fluorescence (XRpgatrometryby the School of Geosciences

at Wits University. After the sediment had been collected from the riverbed, it was stored in a
refrigerator at 2°C. Prior to analysis, the 8 sediment samples were dried in a fan oven & I606

hours in ordetto remove the water content within the sediment. After the sediment was completely
dried, the sediment samples were then crushed using a mortar and pestle. The XRF spectrometer
requires 6 grams of very firgrained material so the sediment that was putdhgh a sieve with 100

um apertures. The fingrained sediment samples were then placed in new plastic bags, labelled and
sealed. The sediment was then given to the Schodb@dsciences for XRF Spectrometry analysis.
The methods used by the School of G@esce laboratory are as follows: heavy metal elements
were determined on pressed pellets using a Moviol solution binder. Standardization was carried out
using International Reference Materials USGS series (USA) and NIM series (South Africa). Precision
wasdetermined on the basis of counting time and is taken as 5% for elements in abundance greater
than 100 mg/kg, and 10% for elements in abundance between 10 and 100 mg/kg. The instrument
used was the Philips PW2404ay spectrometer.

5.7 Datautilisation and statistical analysis

The statistical analysis for this research project was completed using Microsoft Excel program.
Multiple data analysis tools and adads were used within the excel program. This paragraph
highlights the methods/toolshat were used for each statistical analysis. Data summaries for both
Rand Water data anground truthwater quality data were completed using the descriptive statistics
tool within the data analysis tab of Microsoft excel. Normality tests were completén ube
NumXL add in programme to test whether the data followed a normal distribullom-parametric
hypothesis tests were completed using the XLStat adzhiexcel. The neparametric comparison

of two samples tests were used for both independent (MamMhitney test) and dependent
(Wilcoxon test) samplesHistorical data provided byhe Reservoivebsite was pivoted using the
Power Pivot and Power Query add ins to aggregate certain water quality parameters and sample
sites. Time series graphs were geaged from the pivoted water quality data. The Blesbokspruit
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Forum management targets shown behind the time series graphs was completed using Microsoft
excel graph shading technique to indicate which values meet certain management targets. The
Blesbokspruitrorum water quality guidelines act as a threshold of potential concern for individual
water quality parameterand each statistical tesefersto these water quality guidelines.

Soil andriver heavy metakediment dataanalysis were also completed using the Microsoft excel
program. Simple line graphs were generated from raw daltéch werecollected and analysed in

the field. Sediment trace metal results received from the VEBithool of Geosciendaboratory were

also gaphically presented using Microsoft excel program. Land use pie charts were generated using
the inset pie chart tool on Microsoft excel. Data obtained for the land use pie cleartse after land

use maps had been created using teMap program.

5.8 Manual land classificatiommethodology

The purpose of creating land use/ land cover maps for this researchdenonstrate the complex

land use / land cover surrounding the Blesbokspruit Wetland. Land use for the entire Blesbokspruit
catchment was classified manually due to lack of accurafeto dateand available land use/ land
cover datafor the region.The land use classification was also completed manually due to the
multiple mine dumps within the region that were essential to clgsaifcurately for the purpose of

this researchNational land cover maps classify mine dumps simply as bare land which would lead to
inaccurate resultsThis manual classificatiomas completednanuallyby creating hundreds of land

use/ land cover polygonacross the entire study arean the Google Earttprogram using the add
polygon tool.For example, a polygon was manually drammGoogle Eartlaround theperimeter of

an individual land use zonbat was identifiedsuch as a mindump. 260 individual pgigons were
manually created to cover the entire Blesbokspratchmentarea, i.e. no gaps between each land
use polygonThe edges of théndividualpolygons needed to be extremely close to one another to
avoid creating smalbaps within the catchment age Every section of land across the Blesbokspruit
catchment was manually classified into individual land use polydarsd use was classified into
eight land use classes which are typical for most land use maps. The eight land use classes are:
agriculturd land, open vegetated land, residential area, water body, mine dump, industrial area,
bare land and lastly wetland/riparian zon€reat efforts were made over a long period of time to
successfully and accuratediassify land use within the entilesbokspruit catchment. Google earth
imagery site visits andecent topographical maps were used to aid in thanualclassification of

land at areas which were difficult to classifitach land use was identified according to specific
criteria.

5.8.1Agriculturalland

Agricultural land was identified when the land area on google earth showed clear evidence of being
manipulated by manMost often agriculture was easily identified by looking at crop rows on the
ground or definite circular structures spang wide open spaces. It was noted on figlgs that
shepherdsand herdsmen take their livestock to open grass fields to graze in multiple areas within
the Blesbokspruit catchmentMajority of these open grassland spaces were classified as open
vegetatedland and not agricultural land:herdore, theremay be some overlap between these two
land use classes as herdsmen make use of open vegetated gradslapdstute. Subsequentlythe
agricultural landuse clas®nly representsarableland that has beerwlearly worked on by humans

for crop growth.
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5.8.20penvegetated land

In general, open vegetated land was easy to classify by identifying land with green vegstetion
as forests, grasslands or bushveldht had no clear indication of being worked oy man. As
mentioned open land may have been used by herdsmepasturelandfor their agriculture and this
is where the two land use classes can overlap in some draad. use which was clearly recreational
such as golf courses and sports field were also classified as open vegetated land.

5.8.3Residentialarea

Residential aremwere classified by using google earth imagery. Both formal and informal settlement
names are displayed on google earth imagery and the extent of these settlements were all classified
under the residential areas land use type. In some cases, a locatioid vikave features that
resembled both residential and industrial areas. During these cases efforts were made to
successfully split residential and industrial apdygonsas accurately as possibleid possible that

there may be some overlap between idential and industrial areas.

5.8.4Water body

Water bodies occupied only a small fraction of the Blesbokspruit catchment. The water bodies
classified include only permanent water bodies such dams. Dam names are indicated on google
earth imagery and watebodies are generally simple to identffpm google earth images.

5.8.5Mine dump

One of the major reasons why the land use was manually classified is due to the mine dumps land
classification. Mine dumps are easily identifiable both on the ground an@Gaogle EarthThe
yellowishbeige colour and scoured land are characteristic of both abandoned mines and mine
dumps which fall into this classification. The extent and overall land cover of these mine dumps is
extremely important for this research as these areas megatively impact on water, sediment and

soil quality.

5.8.6Industrial area

Industrial areas were identified by looking for areas with large buildings, and where they land was
clearly being used for something other than residential or agricultural pupoEkese areas were
also identified by looking for flat surface areas with clearly built up structures that were near
transport routeson Google EarthAs mentioned, it is possible that industrial and residential areas
overlap

5.8.7Bareland

As most ofthe catchment area is vegetated, bare land makes up for a small percentage of land
cover. Areas were categorised as bare land when they were clearly unvegetated and had no
evidence of being worked on by humans (areas which could be classified as ming)dihgre are

a few rocky outcrops in the southern portion of the catchment and these outcrops were classified as
bare land.
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5.8.8Wetland/ riparian 2one

Land adjacent to the Blesbokspruit and tributaries was classifiededand/ riparian zonesThese
zones represent the wetlands of both the greater Blesbokspruit and Marievale Wetland. Areas
adjacent to the main river channels which looked highly vegetated and lush were categorised in this
land use zone.

5.9 Methodology of creatingand usemaps

The following paragraph will describe hdand usemaps were created using therdMap 10.4.1

program. Aftemanuallycreating 260 individual land use polygons on Google Earth, the polygon file

was saved as a KML file. WittincMaptools, the KML file wasonverted to amap layer using the

GYa[ G2 fFreSN) G22té¢d ¢KS Ya[ FTAES | faz2z AyOf dzRSR
ground truth sampling siteas well as the Eastern Basin AMD treatment plant and other treatment

plants within the Blesokspruitcatchment Once the KML was converted to a layer, the land use
Ll2fed2zya oSNB O2yBSNISR (2 NI &GSNI LIAERcMapdzaAy 3
¢CKS fFYyR dz&S NI AGSN) fF&8SN) gFa G§KSy badphuitSubS R  dzi A
guaternary catchment areahapefile obtained from the Department of Water and Sanitation

website. Individualsub catchments for eactwater sample site were then created usirgpatial

analysis tod. Individual sampling site locations were N&p & Sy G2 zNB & f @ OF GA 2y L2 A\
g SNB Ay Lldzi iy&dogyhwatdrehedqdakciBnent)i 2 2 f ¢ gspalid dnglysis téofbax

ArcMap. This tool uses flow direction and relief to draw the perimetethe subcatchmentfor each

G LJ2 dzNJon vihhQépiedented the individu&and Water and ground trutsampling locations.

After the subcatchmentshad been created for each water sampling site, the original land use cover

map for the Blesbokspruit was then clipped to fit into each of themmple site sulbatchmens. The
Blesbokspruit and tributaries shapefile was obtained from the Department oEl&atd Sanitation

website and the spatial extent of the Blesbokspruit wetland was obtained from the Ramsar
Wetlands information website.
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6. Resultssection

The results section for this research projéetlengthy andconsists ofmaps and land use results,
rand water quality results, grourbluth water quality results, soil quality resuldd sediment metal

analysis results
6.1 Maps andand useresults

6.1.1 Map ofsamping sites

The following map shows the eight individual ground truth water sampling shegsfollow along

the Blesbokspruitvithin the Blesbokspruit Wetland Sitdhe five individual Rand Water sites (B5,
B16, B15, B17 and Bjlare included within these eight ground truth sampling sites and all eight
sampling sites are numbered according to 8anplingposition along the stream. The stream flows

in a south direction and the location of the Eastern Basin AMD Treatment plaghdsvn with a
green iconupstream of site 2 on the map belowour other treatment plants (black dots) are also
shown on the map but only the two immediately south and north of the Eastern Basin Treatment

Plant fall within the catchment areaf the samphg sites
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Figure 18: Map showing the location of the eight individual ground truth and Rand Water sampling

sites along the Blesbokspruit.
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6.1.2Blesbokspruitcatchmentland use map

The following mapdescribes the land useover within the entire Blesbokspruittatchment.
Individual pixel colours represent eight different land use clasées/n in the map legendThe
study area includes the main Blesbokspruit as well as its tributaries within the Blesbolssiruit
quaternary catchments
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Figure 19: Map of land use/ land cover across the entire catchment area of the Blesbokspruit.
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Land usé land coverpercentages for the previous site map of the entire Blesbokspatithment
are shownin the simple pie chart below:

Land Use/ Land Cover percentages for the Blesbokspruit
Catchment

3.65% 0.75%_\ /-2-18%

N

\

Figure20: Land Use/land cover percentages for the Blesbokspruit Catchment.

0.60%__3.28%

™

m Agricultural Land
Open Vegetated Land

= Residential Area

m Water Body

m Industrial Area

® Mine Dump

m Bare Land

= Wetland/ Riparian
Zone

The study areashown in figure 19s defined as the areaccupied by the Department of Water and
Sanitation (DWS)tertiary catchments for the Bsbokspruit This large catchment includes areas
downstream of the Rand Water and ground truth sampling sites specific tcstilnily. The areas
downstream have been included to demonstrate the complex land use withinDWS tertiary
catchment for theBlesbokspruit.According to the pie chart abova,large portion of land within the
Blesbokspruitcatchment is used for agriculture(45.99%,) open vegetated land24.74%)and
residential area18.79%)Land is alsmccupied by mine dumps, industrial areas, bare land, water
bodies and wetland/riparian zones. Individualb-catchments have been created for eaBand
Water and ground trutlsampling site. These will be shown with pie charts indicating the percentage
land use per samplsite subcatchment.
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6.1.3ub catchmentsandland use mafs
6.1.3.12ub catchmentof sample site Jand land usemap

The following map shows theubcatchment land use area and land use percentagesample e

1: site B5 Blesbokspruit at Welgedacht inflow. This is the first water sampling site for this research
project. The map below, therefore, describes thpstream land useareas that influence the
Blesbokspruit wetland. The pie chart indicates that residential a(@88%0) open vegetated land
(28%) agriculture(21%)and mine dumpg6%)account for most of the land use upstream of site 1.
There is a largeine dumpand a water treatment plant (shown with a dark black dot) upstream
from this site. avague 2wsg0e
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Figure 21: Sub catchment of site 1 land use map and land cover percentage
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6.1.3.2Sub catchment of sample siteghd land usemap

The following map shows theubcatchmentandland use areaf sample #e 2: B16Blesbokspruit at
Grootvlei Mine Train BridgeThis site is downstream of the Eastern Basin AMD treatment phant.
shown in the map below, theubcatchment forsamplesite 2includes the upstream sub catchment
of sampe site 1 This is the case for all the remainigp catchments fronsites 1 to 8 The pie chart
indicates that residential areg87%) agriculture(28%), open vegetated land (20&&)d mine dumps
(6%)account for most of the land use upstream of sitdi2e land use cover is similar to the land use
percentages for site 1 previously.

Site 2 Catchment Land Cover Percentage

Legend N 0.63%
s Blesbokspruit Main River [0S, ) 3.09% = AgriculturalLand
Blesbokspruit River and Tributaries W E 4.37% \ Open Vegetated Land
D Site 2 Catchment 0.48% \
| Blesbokspruit Sub Quarternary Catchments \ Residential Area
B Agricuttural Land [ S
’:] Open Vegetated Land -~ / B = Water Body
Residential Area \ L)
I Vater Body B = Industrial Area
- Industrial Area ‘_“ | ‘\(
B Vire Dump N ! 37.09% = Mine Dump
B sere Land b . 20.08%
}
[

Wetland/ Riparian Zone = Bare Land

= Wetland/ Riparian Zone

Figure 22: Site 2 sub catchment land co
percentage.

e ™™ o Kilometers

— f26-200

Figure 23: Sub catchment of site 2 and land use map.

6.1.33 Sub catchment of sample sitésand 4 andland usemaps

The map show on the next pagdfigure %) is a map othe sub catchmentand land use areaf
sample ge 3: site B15 Blesbokspruit on N1@ll roadin Springs This site is also downstream of the
Eastern Basin AMD treatment plant. The pie chart indicates that residential areas (39.5%),
agriculture (25%), open vegetated land (20%) and mine dumps (6.5%) account for most of the land
use upstream of site 3. There is a third water treatment plant that is included withinstis
catchment (shown with a black dot west of sample site 3). Eigais the map of thesubcatchment

of site 4. Marievale Bridge. The land use class percentagdsefeite 4subcatchment idifferent to

site 3. Residential areas which occupy 39.5% at sitsl§ occupy 30.5% of site sub catchment.
Agricultural land occupies 25% at site 3 and occupies 40.92% of sitb gatchment. These two

maps with the respective land use percentages can be seen on the following page.
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Figure 24: Sample site 3 sub catchment land cc
The differences between site 3 and site
4 sub catchment areas are
demonstrated by the respectivesub
catchment maps and pie charts.
Agricultural land occupies a larger
percentage than residential areas at
catchment 4. There is a clear increase in
agricultural land use percentage
between these two catchments.
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Figure 25: Sub Catchment of sample site 3 and land use map

Agriculural land has increased at the
expense of residential areas between
site 3 and site 4 catchment areas.
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Figure 26: Sample site 4 sub catchment le
cover percentage

Figure 27. Sub catchment of sample site 4 and land use map
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6.1.34 Sample Sites 5, 6 andld@nd cover percentage

Thesubcatchments of sites 5,6 and 7 are similar to the site 4 catchment on the previous gratje
these will not be shown to avoid repetition. However, the pie charts for these three site catchments
is shown below in figure&

Site 5 Catchment Land Cover Percentage Site 6 Catchment Land Cover Percentage

0.72%_ 3 g59;

26.44%

0.72%

= Agricultural Land
= Agricultural Land

Open Vegetated Land
Open Vegetated Land

Residential Area . N
Residential Area

Water Body = Water Body

.
= Industrial Area = Industrial Area

u Mine Dump * Mine Dump

= Bare Land
= Bare Land

12.56% = Wetland/ Riparian Zone

u Wetland/ Riparian Zone

Site 7 Catchment Land Cover Percentage

0.71%
- 3.03%
\ = Agricultural Land

3.25%
0.61% Open Vegetated Land
| Residential Area
= Water Body
Hahi = Industrial Area
= Mine Dump
= Bare Land
12.54%
= Wetland/ Riparian Zone

Figure 28: Landse percentage of site 5,6 and 7 sub catchment:

According to the pie charts, agriculture for these three site catchmengpsoximately 48.5%.
Residential areas occupy 26.4 % of these catchment areas and open vegetated land occupies 12.5%.
Mine dumps ocupy 5% of the catchment area. The final site catchment is site 8 which is shown on
the next page. The site 8 map represents the accumulation of catchments of all the sites before site
8. Therefore, the land use percentage of site 8 describes the entik uae for the Blesbokspruit
wetland study area.
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6.1.35 Samplesite 8 sub catchment and land useap:

28°200"E 28° J?'D"F
1

28°400"E
1

N

26°00°S =1

26°100"S~]

26°20'0"S =

Legend

Blesbokspruit Main River
Blesbokspruit River and Tributaries
D Site 8 Catchment

|: Blesbokspruit Sub Quarternary Catchments
- Agricultural Land

S ﬁ Open Vegetated Land

- Residential Area

I Vater Body

- Industrial Area

B Vine Dump

- Bare Land

; Wetland/ Riparian Zone

012 4 6 8

[-26°00"S

™ Kilometers

|-26°100"¢

p=26°20'0"¢

1 T
28°200"E 28°300"E

Figure 29: Sample site 8 sub catchment and land us

Site 8 Catchment Land Cover Percentage
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3.17%\
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Figure 30: Site 8 sub catchment land cover percenta

T
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This map represents th&ub catchment of site 8.
The land use percentage of site 8 describes the
entire land use for the study area (Blesbokspruit
wetland). Agriculture (47.47%), residential
(25.41%), open vegetated land (13.49%) and
mine dumps (5.6%) make up the bulk of the
catchment areas land useA summary table for
each of the site sub catchments andthe
Blesbokspruit catchment si shown on the
following page.
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6.1.4 Summary of the land use cover percentages

Table3: Summary table for theland use/ land cover percentage®r each of the samplesite subcatchments and the
entire catchment area

DWS tertiary
Sample site sub catchments catchment area
Site | Site | Site | Site | Site | Site | Site | Site | DWS
Land Us&€Classes 1 2 3 4 5 6 7 8 Blesbokspruit
Agricultural Land 28%| 28%| 25%| 41%| 49%| 49%| 49%| 47% 46%
Open Vegetated
Land 21%| 20%| 20%| 15%| 13%| 13%| 13%)| 13% 25%
Residential Area 38%| 37%| 40%| 30%| 26%| 26%| 26%| 25% 19%
Water Body 1%| 0%| 0%| 1%| 1%| 1%| 1%| 1% 1%
Industrial Area 50| 4%| 4%| 4%| 3%| 3%| 3%| 3% 3%
Mine Dump 6% | 6%| 6%| 5%| 5%| 5%| 5%| 6% 4%
Bare Land 1% 1%| 1%| 1%| 1%| 1%| 1%| 1% 1%
Wetland/ Riparian
Zone 2%| 3%| 3%| 3%| 3%| 3%| 3%| 4% 2%

Percentages are rounded off to the nearest percent*

The summary table abow&hows the land uselasspercentages for eachample site sub catchment
sample site catchment anthe for the DWS tertiary catchmentor the BlesbokspruitThe most
significant land use areas within tiBNS tertiary catchmerdreais land used for agricultre, open
vegetated land, residentiareas, industrial areas and mine dumps. Agricultural land occupies the
highest percentage of land use in tBAVS tertiary catchment aredVith reference to the sitesub
catchments agricultural land occupies between Zband 28% of the land cover at site 1,2 arsli
catchments. This increases to 41% at siteuld catchment andincreasefurther to 49% at site 5,6
and 7subcatchment areas and 47% fthre site 8sub catchment.Residential land cover faite 1,2

and 3sub catchments range between 37% and 40%, and this decreases to 30% for site 4
catchment. Site 5 to &ub catchment areashave very similar residential cover of 26%pen
vegetated land is at 21% at site 1 sub catchment and decreases to 13% at sitea@cbubent. The
increase of agricultural lanetween subcatchment sites 4B andsubcatchment sites 8 was at the
expense of residential areas and open vegetated land as seen in the summary table above. Both
industrial areas and mine dumps have a smatige from site 48 catchment areasThe role of land

use with regards to water and sediment quality will tiecussedn the discussiorchapterwhich
follows after thewater, sedimentand soilquality results.
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6.2 Water quality results
6.2.1 Rand Waterataresults

The Rand Water data th&used for the purpose of this research project was published quarterly on
The ReservoivWebsite.As mentioned, lte data are used to provide for historiahd currentwater
quality across the Blesbokspruitetland The influence of the Eastern Basin AMD treatment pisnt
determined using this dataRand vater quality data is split into two periods, the period before
treatment plant and the period after treatment plant. The BMtreatment plant came into
operation inAugust 2016. Therefore,ales for the period before the AMD treatment plant start at
the 2015 P! January to 3% March quarterly report and end at thee!pril to 30 June 2016 quarterly
report. Dates for the period after the treatment plant start from th& July to 3¢' September 2016
quarterly report and finish at the $lJanuary to 3% March 2019 water quality reporiThe Rand
Water sites 2,3,4 and 5which are downstream of the Eastern Basin AMD treatment plaal/e
before and after dateswhich are used for comparisonThe first statistical analysis involved
producing summary statistiam the data.

6.2.1.1 Rand Waterdata summaries

The following data summaries include data from all five historical Rand Water sampling sites. Data
summaries include the mean, median, minimum and maximum for each site. The colours of the
blockswithin the data summariesorrespond to the irstream waterquality management targets

for the Bleshokspruit Catchmesget by the Blesbokspruit Forusimown in figure 6 on page 17

Table4: Blesbokspruit Forum &ter quality management level targets
Tolerabé Interim
Target

Site 1:Data summary foB5 Blesbokspruit at Welgedacht Inflow into the wetlaiithis summary
includes datarbm 2015 # January 31% March quarterly report to the 2019%1.January31% March
2019 water quality reportThis site is upstream of the treatmeptant, therefore data summaries
are not separatedn abefore and aftetreatment plant comparison.

Table5: Data summary fossite 1: Rand Water siteB5 Blesbokspruit atWelgedacht Inflowinto the wetland

Site 1.B5 Blesbokspruit at Welgedacht Inflow into the Wetland

Physical Variablefunits) Mean Median Minimum Maximum
Conductivity (mS/m)
DissolvedOxygen(mg/L)
pH

Major lons(mg/L)
Aluminium
Ammonium 2.07 4.72
Chloride
Fluoride
Iron
Magnesium
Manganese
Nitrate
Phosphate
Sodium
Sulphate

51| Page



According to thedata summaryon the previous pagefor sitel, the meanfor dissolved oxygen and
phosphate are bothunacceptable On averagesodium, sulphate, chloride and ph are described as
ideal and conductivity and ammounm are described as tolerable on average. The remaining
elements fall into the acceptable management targets on average. This site is extiempelyant

as it is the first sampling site which marks the most upstream site for the Blesbokggetland
Poor water quality at this site impacts on water quality seen downstream.

Ste 2: Data summary foB16 Blesbokspruit at Grootvlei Mine Train Bridgkis summary includes a
mean, median, minimum and maximum for each water quality parameter for the period before and
after the Eastern Basin AMMDeatment plant came into operation This site is, therefore,
downstream of theAMD treatment phnt. The before and aftetreatment plant data summaries
have been completed the same way for this site and the remaining tRezel Watesampling sites

(3,4 and 5)as they are all downstream of thMDtreatment plant

Table6: Data summary forsite 2: Rand Watesite B16 Blesbokspruit at Grootvlei Mine Bridge

S2 (Before and
After TP Mean Median Minimum Maximum
Physical
Variables(units) | Before TP | After TP | Before TP | After TP | Before TP | After TP | Before TP| After TP
Conductivity
(mS/m)

DO (mgt) 5.70

pH

Major lons
(mg/L) After TP | Before TP | After TP | Before TP | After TP | Before TP | After TP

Aluminium

Ammonium . 4.34

Chloride

Fluoride

Iron
Magnesium
Manganese
Nitrate
Phosphate

Sodium
Sulphate
*Before TP fperiod before treatment plant. After TPgeriod after treatment plant

The summary statisticeable above are important as they describe the influence that th&MD
treatment plant has had orsite 2 which directly downstreanirom the discharge point of the
treatment plant. In terms of negativénfluences by the AMD treatment planbn average,
conductivity has increased from tolerable levefor the periodbefore the treatment plantto an
unacceptable levedfter treatment plantat this site. Conductivity has clearly increased at this site for
the period after the treatment plantvhen looking at the mean, median, minimum am@&ximum
Sulphate has also increased from an ideal |begbre the treatment planto a tolerable levehfter

the treatment planton average. The maximum value 8uiphatefor the period after the treatment
plant is 857 md.which exceeds the unacceptabevel by dargemargin of 357 mdL On average,
chloride and magnesium means have also increasgghégement targetevel worsened) for the
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period after the treatment plantThe increase irwonductivity chloride, magnesiunand sulphate
levelswere expected due to the manner in which theMD water istreated at the treatment plant
Once the AMD water that comes from underground is treated, and the sludge is subsequently
disposed of underground, a clean overflow of water is produced, and this is diedhantp the
wetland areadownstream(Solomons, 2017)This clean overflow has high levels of conductivity and
as a result, have causedr@uctivity to reach an unacceptable management target. Conductivity
relates to chloride, magnesium and sulphai@ncentrationswithin the water and the discharge of
effluent by the treatment plant has also caused increaseshiloride, magnesium and sulphate
downstream at site 2Dissolved oxygen has decreased on avefagéhe periodafter the treatment
plant and is also at an unacceptable leval.terms of positiveinfluences of the AMD treatment
plant, both iron and manganese means have improved for the peritet #tie treatment plant. The
improvement of iron and manganese was mentioned within media reports in the literature review.
Although phosphateis unacceptableon average it has decreased on average between periods
before and after the treatment plant. Nmeability,ammonum and nitrate have alsadecreased on
average fo periods before and after the treatment planthis could signify thass a result of the
treatment processes at the treatment plarthe metals of iron and manganese and thetrients of
phosphate, ammonim and nitrateare becoming less concentrateidwnstream The reason for the
reduction inconcentration ofthese nutrients could be as a result of dilution and increased flow
caused by the discharge thfe clean overflowby the AMD treatmenplant upstream of this site.

Site 3 B15 Blesbokspruit on N1@ll roadin SpringsThis site marks as the sampling site upstream of
the Marievale Bird Sanctuavyetland

Table7: Data summary forsite 3: Rand Watesite B15 Blesbokspruit on N1foll road in Springs

S3 (Before and
After TP) Mean Median Minimum Maximum
Physical Variabled Before
(units) TP After TP | Before TP | After TP | Before TP | After TP | Before TP | After TP
Conductivity
(mS/m)

00 (mgt) 5.90

pH

Major lons
(mg/L) Before TP | After TP

Aluminium
Ammonium 4.13

Chloride

Fluoride

Iron
Magnesium
Manganese
Nitrate
Phosphate

Sodium
Sulphate

The summary statistics above dreportant as they describe the influence thaig¢ AMD treatment
plant has had orsite 3, which is upstream of the Marievale Bird Sanctuesstland In terms of
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negativeinfluences on averageboth conductivity and sulphatbave increased for the period after
the treatment plant. This is a similar iegrse seen upstream at site 2 indicting that upstream water
quality has directly impacted osulphate and conductivitievels downstream at site 3. On average,
conductivity has worsened from a tolerable level to an unacceptable level smghate has
worsered from an ideal level to a tolerable level. The maximum value of sulphate for the period
after the treatment plant is extremely high at 703 ragThis highsulphatevalue wagested during

the same quarter athe highsulphatevalue that wasmentionedpreviouslyat site 2. This high value
occurredduring quarter 3f 2018 1 July to 30 Septembddn averagesodium and magnesiuimoth
worsened from an acceptable level to a tolerable levdle dramatic increase @&odiumwas not
seen at site 2Sodium levels increasashly slightly at site 2 This dramatic increaseould indicate

that a source of pollution promotingodiumlevels lies downstream of site 2 and upstream of site 3.
This increase isodiumalso occurredor the periodafter the treament plant, indicatingthat this

point source of pollution is a recent occurren@issolved oxygen levels decreased for periods after
the treatment plant and are still described as unacceptable. Positifleencesindicate that
ammonum, phosphate and itrate values decreased on averaddanganese also improved for this
site on average to an acceptabieanagement targefor the period after the treatment plantand

iron had maintained an ideahanagement targetThis could be attributed to what was seen at site 2
whereby the discharge of the treatment plant dilutes concentrations of these metals and nutrients
and this evidence is seen further downstream at sité\8.seen for this site and the previous two
sites,pHmeans aralescribedasideal for periods before and after treatment plant.

Site 4 B17 Blesbokspruit at Marievale Bird Sanctudityis site is in the centre of the Marievale Bird
Sanctuary.

Table8: Data summary fossite 4: Rand Watesite B17 Blesbokspruiat Marievale Bird Sanctuary

4 (Before and
After TP Mean Median Minimum Maximum
Physical Variables Before
(units) Before TP | After TP | TP After TP | Before TP | After TP | Before TP | After TP
Conductivity
(mS/m) 83.33

DO (mgt) -

pH

Before
Major lons(mg/L) | Before TP AfterTP After TP | Before TP | After TP | Before TP | After TP

Aluminium

Ammonum
Chloride

Fluoride

Iron

Magnesium

Manganese
Nitrate

Phosphate
Sodium ‘ 140.09

Sulphate ‘

54| Page



This datassummaryfor periods before and after treatment plant at Marievale Bird Sanctgaows a
very similar pattern as those for both sites 2 andrBterms ofconductivity, sulphate, magnesium
and dissolved oxygen, the averadgesthese parameterfiave alldeclined to a worsenanagement
target level for periods after the treatment planSodium has increased and moved from an
acceptable level ta tolerable level on average. A similar dramatic increas®diumwas identified

at site 3 for the period aftertte treatment plant. As mentioned, this dramatic increase is not seen at
site 2 downstream of the treatment plant and therefore, this increase in sodium could be as a result
of a recent point source of pollution upstream of site nmonum, manganeseand phosphate
have decreased once again, and this may be attributed to the dilutionedls andnutrients seen
upstream. Phosphatéevels have improved to a tolerable level, this coaldo be as a result of
processes occurring within the wetland whereby laed plants are using up excess phosphate in
the water.On average, pH is described as idealthis site, this ideal level has been maintained for
all the sampling sites upstream to site 4.

Site 5 B11 Blesbokspruit on R42 bridge Nigel This is thedst Rand Water site used for this
research project. This site is significant as it also marks the end of the Marievale Bird Sanctuary
Wetland and greater Blesbokspruit Wetland/ater downstream of this site flows past Nigel and
Heidelberg and eventually aehes the Vaal system.

Table9: Data summary foisite 5: Rand Water siteB11 Blesbokspruit on R42 bridge at Nigel

S5 (Before and After

TP Mean Median Minimum Maximum
Physical Variables Before After Before | After

(with units) TP TP TP TP Before TP| After TP | Before TP | After TP

Conductivity (mS/m)
DO (mgh)
pH

Before After Before | After
Major lons(mg/L) TP TP TP TP Before TP| After TP | Before TP | After TP

Aluminium

Ammonium

Chloride
Fluoride ‘

Iron

Magnesium

Manganese
Nitrate

Phosphate

Sodium

|
|
|
|
|
|
|
|
|
|

Sulphate

The tableabove has a very similaesultsto the data summaries o$ites 2, 3 and 4upstrean) in
terms ofconductivity, sulphate¢hloride ammonum, phosphate, magnesium, iron, manganesel

pH. This demonstrates that the water quality seen at this site is dependent on the water quality
upstream.For these parameters, water quality is directly influenced by AMD treatment plant
andthis can be atiibuted to the similar water quality resulfsom site 2 below the treatment plant
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to this site 6ite 5 at the end of the Marievale and greater Blesbokspkittlands. This indicates
that the AMD treatmentplant has astrong influence on water qualityand that the Marievale
wetland has a lesser influence on water quality.

6.2.1.2 Normality test

Hypothesis testing willetermine whether there are significant difference between sample sites,
and significant differences aindividual sitesfor periods before and after the launch of the
treatment plant. In order to test hypothesis, a normality test was conducted on the data to
determine whether parametric or neparametric tests should be performedhe following test was
conducted using the NUMXL extension programme in eXt@imality tess were made on th&®and
Water data in order to determine if the data follows a normal distribution. Three standard tests
(JarqueBera, ShapirdVilk and Doornik CHsquare) were performed oeach water quality variable
and the following results were obtained from the NUMXL programme.

Tablel10: Normality test summary fo Rand Water quality data

Normality Test(Ho = Follows normal distribution)
Water Quality VariabléRand Water) JarqueBera ShapiroWilk Doornik ChiSquare
Aluminium Reject Reject Reject
Ammonum Reject Reject Reject
Chloride Reject Reject Reject
Conductivity Reject Reject Reject
DO Reject Reject Reject
Fuoride Reject Reject Reject
Iron Reject Reject Reject
Magnesium Reject Reject Reject
Manganese Reject Reject Reject
Nitrate Reject Reject Reject
pH Reject Reject Reject
Phosphate Reject Reject Reject
Sodium Reject Reject Reject
Sulphate Reject Reject Reject

Testinterpretation:

Null Hypothesis (& The variable from which the sample was extracted followsiaamal
distribution.

Alternative Hypothesis (HaThe variable from which the sample was extracted doesfallow a
Normal distribution.

Result As the computed value isless thanthe significance level alpha=0.8& all the variables
one mustreject the null hypothesidH, and accept thealternative hypothesigHa). Thishowsthat
the data from Rand Water do not followrermal distribution, and therefore nofparametric tests
must be performed on the data.

6.2.1.3 Non-parametric hypothesis tests

Test 1: Comparison of distributions for site(8ite directly downstream of thAMD teatment Plant)

for the periodsbefore and afterthe launch of thetreatment plant. This test is to determine the
influenceof the treatment planton site 2.This is a test of two dependent samples, the samples are
said to be dependdras the samples come from the sars@mplesite. The two samples differ in the
time of sampling (before and after treatment plant). TWélcoxon signedank test / Twetailed test
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is used here. This test is used as the-panametricequivalentto a paramric t-test for dependent
samples. This test is used to determine whether the two samples were selected from populations
having the same distribution. This test makes use of the sample medians, and not means which are
used in theparametricstandard ttest for dependent samples.

Table 1.: The Wilcoxon signedank test results for all the water quality variables faite 2 before and after treatment

plant.
Water Quality Parameter| p-value (Twetailed) Null HypothesigHo)
Aluminium 0.059
Ammonum 0.438
Chloride 0.031
Conductivity 0.063
DissolvedOxygen 0.292
Fluoride 0.500
Iron 0.293
Magnesium 0.027
Manganese 0.438
Nitrate 1.000
pH 0.257
Phosphate 0.219
Sodium 0.141
Sulphate 0.031

Test interpretation:

Null Hypothesis (& The two samples follow the same distributi¢tiey have the same median)
Alternative Hypothesis (HaJ:he distributions of the two samples adéferent (they have different
medians) If the computed pvalue is greater than the level of significaradpha=0.05, one should
accept the null hypothesisoHIf the pvalue is lower than the significance level alph&50 one
should reject the null hypothes{gl), and accept the alternative hypothegida).

According to the table aboveshloride, magnesium and sulphatee all said to have different
populations for periods before and after the launch of #ARID treatment plant at site 2 Different
populations may indicate either positive or negative change for periods before and after the
treatment plant. In order to establish either a positive pegative influenceon water quality
parameters, thedata summariesshown peviouslyare able to describe means for periods before
and after the launch of the treatment plant. The three differing populations mentioned
demonstrates the impact ahe AMDtreatment plantfor site 2.All three water quality parameters
(chloride, magnesium and sulphatmeans increased tan inferior managementarget levelfor the
period after the treatment plant at site 2.

Althoughconductivityis said to have the same population in the table above, as mentioned from the
data summariesthe meanconductivityfor this site had significantly increased to an unacceptable
level at site 2 for the period after the launch of tBRdD treatment plant. As mentioned from the

data summariesammonium and phosphate meansnproved. Chloride,magnesium and sulphate
meansworsened for the period after the launch of th&MD treatment plant. The remaining
variables (including conductivity) have the same populations for periods before and after the launch
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of the AMD treatment plant. Overall, the AMD treatent plant has had a positive influence on
certain water quality parameters such asmnganese, iron and nutrients ammonum, phosphate
nitrate (through dilution) It has had a negative influence ohloride, magnesium and sulphatend
although not prove to have different populationsconductivity For the other water quality
variables there is no significant influence from thiiDtreatment plant.

Test 2:Comparison of distributions for two independent samples. The samples here include site 1
(upstream of theAMD treatment plant) and site 2 (downstream of t@éDtreatment plant) for the

period after theAMDtreatment plant was launched. The test chosenméhes aMann-Whitney test /
two-tailed test which is the normparametric equivalent to the-test for two independent samples.

The samples are said to be independent from one another as each sample represents a different
sample site, the samples are relatalby time as data collected from each site was collected on the
same day. This test is used to determine if the two independent samples were selected from
populations having the same distribution. The test makes use of medians, and not means which are
usd in the parametric equivalent.

Table 2: The Mann-Whitney test / two-tailed test results for all the water quality variables between site 1 and site 2 for
the period afterthe launch of thetreatment plant.

Water Quality variable | p-value(independent samples) Null Hypothesis (5}
Aluminium 0.004
Ammonum 0.005
Chloride 0.053
Conductivity 0.000
DissolvedOxygen 0.032
Fluoride 0.272
Iron 0.004
Magnesium 0.0001
Manganese 0.176
Nitrate 0.991
pH 0.138
Phosphate 0.032
Sodium 0.006
Sulphate 0.001

Test interpretation:

Null Hypothesis (§t The difference of location between the samples is equal tihere is no

difference between medians).

Alternative Hypothesis (HaYhe difference of location between the samples is different from 0
(there is a difference in mediandf the computed pvalue is greater than the level of significance
alpha=0.05 one should accept the null hypothesis. H the p-value is lower than the significance
levelalpha=005, one should reject the null hypothesis, ldnd accept the alternative hypothesis Ha.

Accordng to the results in the table abovaluminium,ammonum, conductivity, dissolved oxygen,
iron, magnesium, phosphate, sodium and sulphatereject the null hypothesis and accept the
alternative hypothesis. The other variables all accept the null hypoth@ersparison of populations
between site 1 ad site 2 have again provide evidence of #teonginfluence of theEastern Basin
AMD treatment plant.Conductivity,sodium magnesiumand sulphate(all relate to one another)
means increased between site 1 and 2 and this is attributed talibeharge by théMD Treatment
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plant. Ammoniim, nitrate and phosphate levels improvedthrough dilution as mentioned. Iron
improved to an ideal leveltasite 2 fa the period after the launch of the treatment plant. It is clear
that there are multiple influences on water quality caused by the AMD treatment pdanat,these
influences are both positive and negative.

Test 3:Comparison of distributions between sit and site 5 for the period before thAMD
treatment plant launched. Site 3 is upstream to the Marievale Wetland and site 5 is directly
downstream of the Marievale wetland. This test, therefore, assesses the role of the wetland in
improving water qualityri the period before the launch of the treatment plant. The test is also a
MannWhitney test /two-tailed test for independent samples.

Table B: The MannWhitney test / two-tailed test results for all the water quality variables between site 3 and site 5 for
the period before the treatment plant.

Water quality wariable p-value (independent samples) NullHypothesiqHy)
Aluminium 0.426
Ammonum 0.022
Chloride 0.394
Conductivity 0.485
DO 0.017
Fluoride 0.558
Iron 0.089
Magnesium 0.372
Manganese 0.370
Nitrate 0.009
pH 0.065
Phosphate 0.310
Sodium 0.485
Sulphate 0.485

The test interpretation is the same as that seen for testpfeviously According to the table,
ammonum, dissolved oxygemnd nitrate do not accept the null hypothesi§hese three water
quality variables all improved on average between site 3 and site Ghtomeriod before the
treatment plant. Ammonim and nitrate levels were reduced on average and this can be attributed

to wetland plants taking up these essential nutrierAsnmonum and nitrate, in general, are not of
major concern as they maintain an acceptable management ta@jstolvedxygenalso improved

on average between site 3 and 5 indicating that more oxygen became available within the water as it
flowed through the wetland.All the other variables do accept the null hypotheslhis test
demonstratesfurther that the MarievaleWetland has asmall but positive influence on water
quality for the period before the launch of the AMD treatment plaiithough only having a small

influence, he role of the wetland should not be overlooked.

Test 4:Comparison of distributions between site 3 and site 5 forghdod after the treatment plant
launched. Site 3 is upstream to the Marievale Wetland and site 5 is directly downstream of the
Marievale wetland. This test, therefore, assesses the role of the wetland in improving water quality
in the period after the lanch of the treatment plant. The test is alsavann-Whitney test /two-

tailed testfor independent samples.
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Table 4: The Mann-Whitney test / two-tailed test results for all the water quality variables between site 3 and site 5 for
the period before the treatment plant.

Water Quality Variable | p-value (independent samples) | Null Hypothesis (b)
Aluminium 0.655
Ammonum 0.078
Chloride 0.107
Conductivity 0.595
DO 0.970
Fluoride 0.134
Iron 0.060
Magnesium 0.291
Manganese 0.733
Nitrate 0.018
pH 0.000
Phosphate 0.166
Sodium 0.340
Sulphate 0.263

The test interpretation is the same as that seen for test 2 and test 3 previously. The results indicate
that only nitrate and pH do not share the same distribution between site 3 (upstream to the
Marievale Wetland) and site 5 (downstream to the Marievale Wetland) for the period after the
launch of the new AMD treatment plariilitrate was said to have improved between site I&dasite

5 before the launch of the treatment plant. For the period after the treatment plaitate has
improved only slighthbetween site 3 and site 5, but it is still within the acceptable management
target range.This slight improvementould bedue © nitrate levels being reduced further upstream
through dilution duethe processs of the treatment plant.pH, as mentioned, maintains an ideal
management level throughout the Blesbokspri@onsidering that only two water quality variables
have differingpopulations, his test demonstrates that the Marievale wetland has a small influence
on water quality compared to the AMD treatment plant. Water quality at these two sampling points
is highly influenced by the processes occurring upstreanie treatmentplant. In general, water
guality parameters do not improve or worsen significantly when passing through the wetland. As
mentioned, the role of the wetland should not be overlooked but thigh influence of the AMD

treatment plant should baoted.
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6.2.14 Timeseriesgraphs(Rand Water data)

Timeseries graphs for eadRand Watequality parameter have been mad€hese graphs help show
whether certain water quality parameters are meeting the requiradnagementtargets for each
sampling siteAll 5Rand Watesample sites are shown on the graphs, and comparisons can be made
between sample sites. As there are 14 water quality parameters, only the concerning parameters
that lie within the unacceptable and tolerabinanagement targetanges will be showwithin the

main text, the remaining timseries graphs are shown in the appendix chapter.

Rand Waterconductivitytime-seriesgraph

| Conductivity levels for Rand Water Site§ for the period 1 January 2015 to 31 March 2(119.
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Figure31: Conductivity levels for Rand Water Sitesbifor the period 1January 2015 to 31 March 2019

The timeseries graph above showesnductivitylevels at each of the 5 Rand Water sampling sites.
The dotted white lingndicatesthe quarter in which the AMD treatment plant had star{epiarter 3
2016, as the plant becameperational during August 201&ite 1, the Welgedacht inflow (black line)
which is upstream of the treatment plant is shown to hamailar conductivitylevels compared to
sites 2,3,4 and 5 during the period before the treatment plant became operatidire is an
increasing shift itonductivitylevels at the start point of the AMD treatment platit.is noteworthy
that conductivitylevels reach the unacceptabieanagementtarget only after the treatment plant
becomes operational, and only at sites which are downstream of the treatment plems.
conductivityfor the period after the treatment plant is shown to be extremely haid having an
increasing trendor all samplesites except site 1. The conductivity raises significantly between sites
1 and 2 especially after the AMD treatment pldrgicame operationalThere is direct evidence that
processes occurring between sites 1 and 2 are increasing conductivity. [Bheésqlanation for this
isincrease believedb be due tothe discharge fronthe AMD treatment plantwhich was expected
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from the literature What is noticeable is that sites 2,3,4 and 5 all mirror one another to a certain
extent. This demonstrates that the wahd has a much lower influence on reducing conductivity
between sites 2 and 5The conductivity is highly influenced by the processes occurring between
sites 1 and 2at the AMD treatment plantand this influence spreads far downstream to site 5.

Rand Véter sulphatetime-seriesgraph

| Sulphate levels for Rand Water site$ for the period 1 January 2015 to 31 March 2(119.
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Figure32: Sulphate levels for Rand Wateites1-5 for the period 1 January 2015 to 31 March 2019.

The graph abovehows thesulphatelevels for each of the five Rand Water sites. The dotted white
line represents that start of the AMD treatment plant. This graph demonstrates a similar pattern to
what was seen in theonductivitytime-seriesgraphpreviously The solid black line indicag site 1

is between ideal and acceptable management targster the entire time period The otherfour
sites have higher sulphate levels than the inflow sitel they all eventuallyeach unacceptable
levels over time As high levels ofonductivity can be attributed to high sulphate levels, it is
reasonableto suggest thathe processegpromoting increased conductivity are also responsible for
increased sulphateA definite spike in sulphatdevelis $own at sites 2,3,4 and &t the launch of

the treatment plant,andsulphate levels increase dramaticadlyer timeafter the launchof the AMD
treatment plant. Sites 2,3,4 and 5 mirror one another to a certain extehtch demonstrates that
the wetland has a small influence on sulphate levels. The migarineach wetland site suggests

again that processes occurring between site 1 and site 2 at the treatment plant are having a large
impact on the sulphate content seen downstream
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Rand Watesodiumtime-seriesgraph

| Sodium levels for Rand Water SiteS for the period 1 January 2015 to 31 March 2(119.
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Figure33: Sodium levels for Rand Water SitesbIfor the period 1 January 2015 to 31 March 2019.

The sodiumtime series graph shws how, in general, sodium values maintain an ideal to tolerable
management target. It is clear to see tteidiumincreased to an unacceptable level during the year
2018. What is significant is that this increasenly seen for sites 3,4 and 5 and nites 1 and 2.
This indicates that a point source of pollution was promoting high levedsditimupstream of site

3 during 2018lt is difficult to identify exactly what process is responsible for this point source of
pollution when looking at the sub aaiment land use maps for Rand Water sites 3,4 and 5 due to
multiple land use classes within these sub catchmeRtsnt sources of pollution cannot only be
attributed to Grootvlei mine/ othermine dumps the pollution sources can occur anywhere
throughout the catchment area which contains residential, industrial and agricultural land use and

processesThis gives further evidence to the complexity of the Blesbokspruit wetland catchment,
especially with regards to changes in water quality.
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Rand Watephosphatetime-series graph

| Phosphate levels for Rand Water Sites fbr the period 1 January 2015 to 31 March 2(119.
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Figure34: Phosphate levels for Rand Water SitesTor the period 1 January 2015 to 31 March 2019

ThephosphateRand Water time seriegraphshows the elevated levels of phosphate seen at site 1
(Welgedacht inflow). What isignificant is thaphosphatelevels are diminished for the period after

the AMD treatment plant between site 1 and site 2 (red dashed line). As mentighedphate

nitrate and ammoniim values decreased for the sites downstream of the AMD treatmentt aléiar

the treatment plant started.This is due to the discharge of the AMD treatment plant into the
wetland which would reduce concentrations of these nutrients downstredime procesf the
treatment plant has had an indirectpositive influence omphosphate It is also noticeable that sie

4 and5 show the lowesphosphatelevels indicating thaphosphatelevels become reduced as water
passes through the Marievale Wetland. This may be as a result of the ecological benefits of a

wetland in that exces phosphateis being taken up by wetland plants within the streams of
MarievaleBird Sanctuary
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RandwWater manganeséme-series graph

| Manganese levels for Rand Water Sités fbr the period 1 January 2015 to 31 March 2(119.
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Figure35: Manganese levels for Rand Water Sites Tor the period 1 January 2015 to 31 March 2019.

The above graph showsmanganesevalues for the five Rand Water Sites. The graph shows that
manganesas generally at an ideal to acceptable level. However, two $amsipes (sites 3 and sites
4) show spikes imanganeseat periods before and after the AMD treatment plant. These spikes
cannot be attributed to the AMD treatment plamir Grootvlei mine dumpbut rather some other
influence or point source promotinghanganese pollution especially at site 4According to the
summary statistics, Manganese levels, on average, had decrdasgdested to be as a result of
dilution) between site 1 and 2 for the period after the treatment plant had started operating. When
looking at the graph, for the period after the treatment plant started, the dotted red line (site 2) is
more often below the solid black line (site 1) whehhancegshe suggestion of dilutionThis is a
indirectly positive influence that the new AMD treatment plant has had on the Blesboksipruit
reducing manganese concentrations downstream.
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Rand Wateiron time-series graph

| Iron levels for Rand Water SitessXor the period 1 January 2015 to 31 March 2(119.
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Figure &: Iron levels for RandWater Sites 15 for the period 1 January 2015 to 31 March 2019

The above graph showson values for the five Rand Water Sites. The graph shows that Iron is
generally at an ideal to acceptable level. It is noticeable that site 1 has a much higher irentcont
than all the other sites. The summary statistics results confirmed thattris@ment plant has
positively reducedron levelsthrough dilution One can argue that Iron was being reduced even
before the treatment plant became operational according ke ttime series graph abovéledia
reports around the AMD treatment plant mentioned within the literature review had reported that
the plant was successfully reduciimgn and manganeséevels within the wate(Kruger, 2017)it is
reasonable to suggest tha@he iron and manganese reduction mentioned within the media reports
refers to the reduction of these two metals within the AMRater, which is pumped from
underground, and not within the river water of the Blesbokspruit itsElfe reduction of these two
metals is suggested to be through dilution caused by increased flows due to the discharge of the
clean overflow of water from the AMD treatment plant into the wetland below.
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Rand water pH and dissolved oxygen tiaggies graph

pH levels for Rand Water Site$ Tor the period 1 January 2015 to 31 March 2019.
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Figure 37pH levels for Rand Water sites3 for the period 1 January 2015 to 31 March 2019.
The above graph demonstrates how pH maintains an ideal level for all the Rand &atpling
sites. Only one sample was deemed unacceptable and this was fdr aiteng the 2016 A quarter.
It is expected that pH in an AMD environment would be a lot lower and more acidic in nature and
this is not the caséAmbani and Annegarn, 2015)hese results agree with what was mentioned
within the literature review withregards to pHAmbani and Annegarn, 2015)

Dissolved oxygen levels for Rand Water Siteddr the period 1 January 2015 to 31
March 2019.
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Figure 38Dissolved oxygen levels for Rand Water site5 for the period 1 January 2015 to 31 March 2019.



The dissolved oxygertime-series graph on the previous pader the five Rand Water sites
demonstrates thatdissolved oxyge within the water is decreasing over time. It is important to note
that this reduction indissolved oxygestarted before the launch of the AMD treatment plant and
has continued decreasing & the launch of the AMDOreatment plant. Site 1 has the lowest
dissolved oxygeof all the sitesand all of the sites have decreased to an unacceptable level after
the launch of the treatment plant. This reduction could be attributeghtocesses concaimg overall
stream flow and oxygen circulatiomithin the Blesboksprujtand notspecificprocesses occurring at

the AMD treatment plant.

6.2.15 Boxplots

Thesebox plots help to better understand the differences between sampling sites of the hiskorica
Rand Water data for the individual water quality parameteks.there are multiple water quality
parameters, only the parameters thhavedefinite trends will be shown.

ConductivityBox Plot{Beforeand AfterTreatment Plant)
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Figure 39: Conductivity box plots during the periods before and after the AMD treatment plant came into operation

(The dotted red line splits the sites upstream and downstream of the Eastain BRID Treatment
plant. Rand Waterige 1 is upstream and sites 2,3,4 and 5 are all downstream of the AMD treatment

plant.)

Thesimplebox plots abovdfrom high to low values) show maximum, quartile 3 (upper box limit),
median (middle box line), mean (mk&d with anx), quartile 1 (lower box limit) and minimum values
at each sample site. These box plolsarly reiterate the results that have been mentioned before.
The plots show thatonductivitybetween sites 1 and 2 increasedamaticallyfor the period after

the AMD treatment plant came into operatioithe values and range of conductivity have clearly
increased downstream of the AMD Treatment plant after it came into operafibe. high values of
conductivityfor sites 2,3,4 ad 5alsoshow that the wetland is highly influenced by the processes
occurring at the AMD treatment plant. For the period before the AMD treatment plant started
operating,conductivityis shown to increase only slightly between site 1 and@il2box plotseither

side of thedotted red line clearly demonstrates the influence of the AMD treatment pédter it

came into operation
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Qulphatebox plots(beforeand after AMD Treatment Plant)
Sulphate before AMD Treatment Plant Sulphate after AMD Treatment Plant
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Figure 40: Sulphate box plots during the periods before anttathe AMD treatment plant came into operation
The box plots above are similar to thenductivitybox plotsshown previouslyThese box plots also

reiterate the results that have been mentioned before. The plots showsbhkghatebetween sites 1

and 2 increased for the period after the AMD treatment plant came into operation. The high values
of sulphate for sites 2,3,4 and 5hew that the wetland is highly influenced by the processes
occurring at the AMD treatment plant. For the period before the AMD treatment plant started
operating, sulphate values were similar between all the sampling sites. As Istlphate and
conductivityrelate to one another, they have both shown the same trends over time within the
Blesbokspruit.

Ammonum Box Plots (Before and After AMD Treatment Plant)
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Figure 41: Ammonium box plots during the periods before and after the AMD treatment plant came into operati

Previous resultsuggestedhat ammonum had been reducediue to the process of dilution from
dischargesby the AMD treatment plant between sgel and 2 This is shown clearly in the
ammonum after AMD treatment plant box plot above. Between site 2 and si@anonum levels
are being reduced for both box plgteshich can be attributed to processes occurring within the
wetland area. For the payil before the AMD treatment plant came into operaticaamnmonium is
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also reduced between site 1 and site 2, but not as drastically as the reduction after the treatment
plant started operatingDue to dilution from discharge of th&MD treatment plant angrocesses
occurring withinthe wetland, ammonum levels are being reduced. The combination of the
processes areeducingammoniumwithin the Blesbokspruit.

Phosphatébox plots(before and aftetAMD Treatment Plant):
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Figure 42: Phosphate box plots during the periods before and after the AMD treatment plant came into operation

Thephosphatebox plots above for the period before the AMD treatment plant shbat phosphate

is increasing from site 1, 2 and 3 and only starts decreasing after site 3. For the period after the AMD
treatment plant, phosphateis being reduced throughout, especially between site 1 and 2 which
enhances the suggestiahat the AMD treament plant is reducingphosphatethrough dilutionas
mentioned. Phosphate levels for site 4 and 5 for the period after the AMD treatment gleow
decreasing trends whiclsuggeststhat the wetland is also reducinghosphate levels. The
combination of thewetland andindirect dilution caused by th&reatment plant has reduced both
ammonum and phosphatealong the Blesbokspruit.

Nitrate Box Bts (Before and after AMD Treatment plant)
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Figure 43: Nitrate box plots during the periods before and after the AMD treatment plant came into operation
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The box plot®n the previous pagéor nitrate follow a similar pattern to the box plots ammonum
and phosphateshown before. The combination of throcesses occurring at th&MD treatment
plant and the MarievaldBird Sanctuary wetlandre clearly reducing the nutrients @mmonum,

phosphate and nitratevithin the Blesbokspruit.

6.2.1.6 Correlation matrix colour plot

The correlation matrix colour plot below in figuré4 has been produced using the XLStat
programme. The colours within the legend correspond to the Pearson correlation coefficients of
each water quality variable fdRand Water samplesver the entire sampling period. €1Pearson
correlationis a measure ofarrelation between two variabledn this case water quality parameters
The correlation coefficients range between +1 aiid where +1 is a complete positive linear
correlation (shown in light green), 0 is no linear correlation (shown in black);laish complete
negative linear correlation (shown in red)The actualcorrelation coefficient valuehave been
producedand this is shown in the appendix section. kdsier to visualise the correlations between
variables using this correlation matrix cotglotinstead of the actual correlation coefficient values.
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Figure 44: Correlation matrix colour plot for Rand Water data over the entire sampling period.

According to the figure aboyéhere are positivdinear correlations(shown in light greenpetween
conductivity and magnesium, magnesium and sulphate, magnesium and chloride, chloride and
suphate, and sulphate and conductivity. Negativear correlations (shown in red) are between pH
and iron, and ammonium and pH. Most of the correlation matrix colour plot suggests that there are
multiple water quality parameters that have no linear cort®la (shown in black). A principal
component analysis has been completed on the above Rand Water data to determine whether there

are more clear linkageand correlation$etween certain water quality parameters.
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6.2.1.7 Principal Component Analysis

A principalcomponent analysis (PCA) is a popular tool used to bring out strong patterns from
complex multivariable dataset@Vold et al., 1987)It captures theessence of the data in a few
principal components, which convey the most variation in the dat@sé&dld et al., 1987)A PCA was
performed on theRand Watedata using the XLstat program. After the data from both Rand Water
were normalized, the program pouceda PCA vector plot. The F1 and F2 principal components
account for the combined variation in the dataset. Vectors, in this case water quality variables, that
are close to the principal components F1 and F2 are those that strongly influence the cartgpone
(Wold et al., 1987)For the purpose of this research, the main use of the PCA is to account for which
vectors (water quality variables) are strongly correlated with one another. There are simplified
characteristics of a PCA that one can use to helerd@ne which variables are correlated to one
another:1. When two vectors are close, and form a small angle, the two variables they represent are
positively correlatedWold et al., 1987)2. If the two variables are at 9o one another, they are

not likely correlated(Wold et al., 198). 3. When the two variables diverge and form a large angle
(close to 1860), they are negatively correlated with one anotl{gvold et al., 1987)

PCA of Rand Water data
Variables (axes F1 and F2: 48.65 %)

Phosphate (PO4)
mg/| —_

F2 (16.36 %)

-1 0,75 05 0,25 0 0,25 05 0,75 1
F1 (32.29 %) e Active variables

Figure 45: Principal Component Analysis of Rand Water data over the entire sampling peric
When looking at the PCA for the Rand Water quality dptajcipal componen 1l (F1) explains
32.29% of the variance in the dataset and is positively related to high levelsdafm, sulphate,
chloride, magnesium and conductivitffhese parameters are alfogiped togethernear the F1
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componentand have small angles betwe@ach vector indicating a positive correlation between
these water quality parametersand F1 The F1 principal component is negatively related to
phosphate, ammonium and nitrate. Component F1 therefore relates to treated AMD water ioputs
the treatment phnt which increass the levels of sodium, sulphate, chloride, magnesium and
conductivity and decrease the levels of phosphate, ammonium and nitrate through dilution.
Component 2 (F2) only accounts for 16.36% of the variance in the dataset and is maotat ddffi
interpret. However, this componergorresponds tdow dissolved oxygen and phhd corresponds

to high nitrate iron and aluminium level3.he high levels of nitrate corresponding to low dissolved
oxygen would be indicative of a nutrient input sigjnelated to eutrophication. However, one would
expect that phosphate levels would also match up with closely with the high levels of nitrate, but
this is not the case. Therefore, this signal is only partly relating to the process of eutrophication due
to phosphate not increasing in relation teitrate. A eutrophication signal would include both
increasing phosphate and nitrate levels corresponding to decreasing dissolved oxygen.

In terms of making linkages between specific water quality parameters, ttangs positive
correlation between sodium, sulphate, chloride, magnesium and conductivity are negatively
correlated with the nutrients of phosphate, ammani and nitrate. This indicates that as the
conductivity increases (the parameters of sodium, sodiusulphate, chloride, magnesium also
increasing) which is seen downstream of the treatment planthe nutrients of phosphate
ammonum and nitrate all decreaselue to the processesf the AMD treatment plant through
dilution. Contributing to this, both irorand manganese are also negatively correlated with the
strong sodium, sulphate, chloride, magnesium and conductivity signature. This is significant and
directly agrees with the literature in that the treatment plant does remove these two méian

and manganese)at the expense of increased conductivity, sodium, sulphate, chloride and
magnesium.Overall, the PCA has demonstrated that as a result of the processes of treatment plant,
both nutrients (phosphate, ammonium and nitrate) and the metals of irod amnganese are
decreasing at the expense of increased levels of sodium, sulphate, chloride, magnesium and
conductivity. Although the plant may be removing metals from AMD that would otherwise decant,
the main influence on stream chemistry can only comamfrthe discharge from the plant, via
dilution of some ions but an increase in others that are not removed in the plant

6.2.2 Calibration curves faground truth water quality results

The following calibration curves have been constructedtiermajor ion determination oulphate,
nitrate iron and chlorideThe ghosphate curve was not constructed due to the unavailability of
phosphatestandard solutionCalibration curves have beenriructed to demonstrate the accuracy

of the Hachinstrument in measuringnajor ion concentrations ofertain water quality parameters
with known concentrationsHachstandard solutions for each water quality parameter were used
and diluted to determine th known concentrations. The measured concentrations were measured
in the exact same way as the water samples were measured usingatiatest kit, these methods
have been mentioned within the methodology section.

The sulphate calibration curve on the laling page made use of the Sulphate Standard solution
with 1000 mg/L S&concentration. The standard solution was diluted with deionised water to
concentrations of 100 mg/L, 50 mg/L and 20mg/L at a standard solution: deionised water ratio of
1:9, 1:19 ad 1:49 respectivelyThe red values in brackets represent the three known sulphate
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concentrations and the green values represent the respective sulphate concentration measured by
the Hachtest kit. The percentage error has been calculated for each measneand is shown
after the bracket on the figurbelow.

Sulphate calibration curve

100
(100, 81) -19%

80

60 (50; 44)-12%

40

20:14) -30%
20 (20;14) -30

Sulphate measured mg/L

0 10 20 30 40 50 60 70 80 90 100
Sulphate known concentration mg/L

Figure 4: Sulphate calibration curveThe labels on the blue line indicate the measured value vs the
known concentration value on the X axis.

According to the figure above, sulphate concentrations are actually being underestimated by roughly
20% shown by the negative percentage error seen above. The results section which follows these
calibration curves shows how sulphate from the ground trutlatev sampling points is at
unacceptable levels. This is concerning as this underestimation of sulphate would indicate that the
true sulphate concentrations are even higher than what Heehtest kit is detecting.

The nitrate calibration curvéelow made use of theNitrate Nitrogen Standard Solution with 4.43
+0.04 mg/L N@ concentration. The standard solution was diluted with deionised water to
concentrations of 2.215 mg/L, 1.1075 mg/L and 0.443 mg/L at a standard solution: deionised water
dilution ratio of 1:1, 1:3 and 1:9 respectivelyhe red values in brackets represent the three known
nitrate concentrations and the green values represent the respective nitrate concentration
measured by thédachtest kit. The percentage error has been calculated fmmhemeasurement and

is shown after the bracket in the figubzlow.

Nitrate calibration curve

=5 (2.215 4,3) 94%
(@)]

€4

3

; 3 (1.1075 1,6)
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o 1
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Nitrate knownconcentrationmg/L

Figure 47: Nitratecalibration curve: The labels on the blue line indicate the measured value vs the known
concentration value on the X axis.

According to the figure above, nitrate is being overestimated byHhehtest kit. The results section
which follows these calibration curves shows how nitrate is at an acceptable level on average for all
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of the ground truth sampling sites. Therefore, awghen considering the overestimation, nitrate is
not a water quality parameter of high concemith regards to theaccuracy of detection by thidach
test kitas seen with sulphate previously.

The iron calibration curve below made use of tlhen Standad Solution with100 05 mg/L Fe
concentration. The standard solution was diluted with deionised water to concentratiohsngfL,
0.5mg/L and 0L mg/L at a standard solution: deionised water dilution ratio &91:1:199and 1:99
respectively.The red values in brackets represent the three knowam concentrations and the
green values represent the respective nitrate concentration measured byHtehtest kit. The
percentage error has been calculated for each measurement aslkoiwn after the bracket in the
figure below.

I[ron calibration curve
1,0 (1;0,89-11%
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2 (0,1,0,12 20%
0,1
0,0
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Iron knownconcentrationmg/L

I[ron Measured mg/L

Hgure 48: Iron calibration curve: The labels on the blue line indicate the measured value vs the known concentration
value on the X axis.

According to theabove the error percentagesuggest that the readingse ++20% of the standard
solution valuesThe results section which follows these calibration curves shows that iron lies within
the ideal and acceptable range targets on average with the highest mean value of iron being 0.18
mg/L at both site 1 andtsi 2. At this concentration iron is being overestimated by ltachtest Kit.
However, an overestimation of 20% equates to an overestimation of only 0.02 mg/L at the
concentration of 0.1 mg/L. Therefgré¢he overestimation does not change the outcome otth
analysisconsiderablyas the low concentrations of irowould remain withinan acceptable or ideal
management target.

The chloride calibration curyeseenon the following pagemade use of the Chloride Reference
Standard Solution with 1000 mg/L- @bncentration. The standard solution was diluted with
deionised water to concentrations of 100 mg/L, 50 mg/L and 20 mg/L at a standard solution:
deionised water dilution ratio ofl:9, 1:19 and 1: 49 respectivelfhe red values in brackets
represent the hree known chloride concentrations and the green values represent the respective
chloride concentration measured by thi¢achtest kit. The percentage error has been calculated for
each measurement and is shown after the bracket in the figuréhe followng page
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Chloride calibration curve
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Figure 49: Chloridealibration curve: The labels on the blue line indicate the measured value vs the known
concentration value on the X axis.

According to the figure above, thElachtest is able to make very accurate determinations of
chloride at concentrations between 20 mg/L and 50 mg/L. At the higher concentration of 100 mg/L,
chloride is being overestimated 1% The results which follow this section show that mean
chloride comentrations lie at 5860 mg/Lconcentrationgfor most of the ground truth sampling sites
which would suggest that these values dagrly accurate. The values that lie near the 100 mg/L
concentration still achieve acceptable management targetsfdoride. The calibration curves show
that, out of all the water quality parameters for major iodetermination only sulphate
concentrations are of concern with regards to the accuracy ofHhehtest kit making considerable
changes to the water qualityesults The calibration curve for sulphate suggests that Haehtest

kit is underestimating sulphate concentrations which already lie within hilglher unacceptable
management target levels. The results to follow have not been altered according t@liheaton
curves aboveHowever, the influence of these curvewith regards to sulphateyill be mentioned
further within the discussion section.

6.2.3 Groundtruth water quality results

A full year record of monthly water sample collection has beanpleted in order to cover the full
range of seasonality experienced in the area as well as providing ground truth data for the purpose
of this research. A total of eight sample sites were visited monthly. Five of these eight sites are the
same sites usedybRand Water and the remaining three sites lie within the Marievale Bird
Sanctuary. These three remaining sites are named according to their surroundings: Marievale Bird
Sanctuary Bridge, Duiker Hide, and Hadeda Hide. The sites have been named sit@wugle ¢ight
according to their position along the stream from upstream to downstream. The full year record
started in June 2018 and ended in May 2019 with samgbdsctedonce per month.

6.2.3.1 Datasummaries

The following data summaries include data from the eight greumath water sampling sites. Data
summaries include the mean, median, minimum and maximum for each site for the duration of the
full year ofground truthsamplingfrom June 2018 to May 2019te colours of the blockwithin the

data summaries arrespond to the n-stream water quality guidelines for the Blesbokspruit
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Catchment. The following table can be used as a determination of water quality for each water
quality parameter:

Table B: Blesbokgruit Forum water quality management level targets
Tolerable Interim
Target

Tablel6: Data summary fosite 1: B5 Blesbokspruit at Welgedacht Inflowhis site is upstream of the treatment plant.

Ste 1.
Physical Variablewith units Mean | Median | Minimum | Maximum
Conductivity (mS/m)
pH

Major lons(mg/L)
Chloride
Iron
Nitrate
Phosphate
Sulphate

0.83

The ground truth data summary abogbowsthat on averageghloride pH andsulphateare at the
ideal management targeat site 1 Conductivity,nitrate and ironare described as acceptable on
average angbhosphateis the only parameter described as unacceptdblesite 1

Tablel7: Data summary fosite 2: B16 Blesbokspruit at Grootvlei Mine Train Bridgéis site is dwnstream of theAMD
treatment plant and inactive Grootvlei Mine.

Site 2.
Physical Variables with units Mean Median Minimum Maximum
Conductivity (mS/m)
pH

Major lons (mglL)
Chloride |

Iron _____0.99]
Nitrate
Phosphate
Sulphate

The site 2 data summarnyabove showsonce again thattonductivity means have increasefiiom
acceptable levels at sité to tolerable levels at site as a result of the AMD treatment plarithe
mean sulphate at site 1 is described as ideal and the mesatphate at site 2 has worsened to a
tolerable level. Phosphate means have increased freite 1 and remain unacceptablehd
remaining parameters dfon, nitrate, chlorideand pH, on average, have maintained tiespective
original management targsefrom site 1.
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Table 18: Data summary forsite 3: B15 Blesbokspruit on N1%®ll road in Springs.This site marks as the sampling site
upstream of the Marievale Bird Sanctuary Wetland.

Site 3.

Physical Variables with units Mean | Median | Minimum | Maximum
Conductivity (mS/m) 91.91 92.45 71.4 117
pH

Major lons(mg/L) Mean | Median | Minimum | Maximum
Chloride

Iron 0.56
Nitrate

Phosphate

Sulphate 410.42| 376.50

Thesite 3 data summary is very similar to site 2 means for all the water quality parameters except
for sulphate Sulphate, on average, has increased even morat sie 3to 410.42 mg/Land isstill
described as tolerable management targ€he maximum value allphate for this site i826 mg/L

which exceeds the unacceptable sulphate level by 326 mg/L. These extremely high sulphate levels
are highly concerning for the Blesbokspruit.

Table19: Data summary foisite 4: Marievale Bird Sanctuary Bridg&hissite marks as the start of the Marievale Bird
Sanctuary Wetland.

Site 4
Physical Variables with units Mean | Median | Minimum | Maximum
Conductivity (mS/m)
H
I;)Aajor lons (mgL)
Chloride
Iron
Nitrate
Phosphate
Sulphate
Thesite 4 data summary is similar to what wakBownfor the site 2 and 3 water quality means in
terms of all the water quality parameters exceqanductivity and sulphateConductivity means have
increased from site 3 to site After Sulphate increased on average between site 2 and site 3, it has
increasel further on average between site 3 and sit¢o4488 mg/L This suggests thabnductivity
sulphate levels are actually increasing downstream from the treatment phdacbrding to the
ground truth water quality resultsThe maximum sulphate of 1264 mghisée 4 at Marievale Bridge
is extremely high and more than doubles unacceptabdagement target levels faulphate

Table20: Data summary fosite 5: Duiker Hide in Marievale Bird Sanctuary

Site 5.

Physical Variables with units Mean | Median | Minimum | Maximum
Conductivity (mS/m) 101.80 98

pH

Major lons(mg/L) Mean | Median | Minimum | Maximum
Chloride

Iron

Nitrate

Phosphate

Sulphate 409.92 396.5
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Table 21: Data summary forsite 6: B17 Blesbokspruit at Marievale Bird Sanctuary. This site is at the centre of the
Marievale Wetland.

Site 6.
Physical Variables with units Mean | Median | Minimum | Maximum
Conductivity (mS/m) 110.78| 102.90 72
pH
Major lons(mg/L) Mean | Median | Minimum | Maximum
Chloride
Iron
Nitrate
Phosphate
Sulphate 484.58| 478.50
Both Sites 5 and 6 data summaries show water quality means that are similar to site 4. The mean for

Sulphate at site 5 had been reduced from sit@@9.92 mg/Lput increased at site 884.58 mg/L)

Table22: Data summary fosite 7: Hadeda Hide in Magivale Bird Sanctuary.

Site 7.

Physical Variables with units Mean | Median | Minimum | Maximum
Conductivity (mS/m) 103.45 77

pH

Major lons (mg/L) Mean | Median | Minimum | Maximum
Chloride

Iron

Nitrate

Phosphate

Sulphate 350

Although the data summary has been completed, this site had missing data values due to the cite

having become laden with duckweed and algae. Due to the missing data, this site will not be used for
hypothesis testing. However, the site marks as a referdaceéhe potential influence of algae and
duckweed seen at Marievale Bird Sanctuakg.shown in the field site photqfigure 15) the algae

and duckweed have completely blanketed the water at this locafidre data summary for site 7
indicates that Hadea hide has extremely high conductiviapd sulphate meanat levels which are
unacceptable. These high values can be as a result ofrstmxing (stagnant) water at the site.
Increased evaporation ofhe slow-moving water could possibly haveesulted in the increased
conductivity and sulphate leved this site

Table 23: Data Summary fosite 8: B11 Blesbokspruit on R42 bridge at Nigel stream outflow.

Site 8.

Physical Variables with units | Mean Median Minimum Maximum
Conductivity (mS/m) 112.98 101.00 84.8

pH

Major lons (mg/L) Mean Median Minimum Maximum
Chloride

Iron

Nitrate

Phosphate

Sulphate 440.00 434.50
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Site 8 marks as theend (downstream point) of the Marievale Bird Sanctuary and is the final sampling
site for this research project.he data summary for site 8 shows clearly that between sites 2 through
8, the water quality is more or less maintained for each individual wateity parameter. This
agrees with Rand Water data whishowedthat the wetland has a much lower influence on water
quality compared to the AMD treatment plant between site 1 and 2. Hypothesis testing on the
ground truth data will prove whether the populans from different sites are the same. Normality
tests have been completed for this data to consider whether parametrickpemametric hypothesis
tests should be used.

6.2.3.2 Normality test:

Normality tests were made on the ground truth data to determine if the data follows a normal
distribution. Three standard tests (JargBera, ShapirdVilk and Doornik CHquare) were
performed on each water quality variable and the following results vadrtined from the NUMXL
programme.

Table24: Normality test summaryfor the ground truth water quality data

Normality Test(Ho = Follows normal distribution)
Water Quality Variable JarqueBera ShapireWilk Doornik ChiSquare
Chloride Accept Accept Accept
Conductivity Reject Reject Reject
Iron Reject Reject Reject
Nitrate Reject Reject Reject
pH Accept Accept Accept
Phosphate Reject Reject Reject
Sulphate Reject Reject Reject

Test interpretation:

Null Hypothesis () The variable from which the sample was extracted follows a Normal
distribution.

Alternative Hypothesis (HaThe variable from which the sample was extracted doesfallow a
Normal distribution.

Result If the computedp-value is more than the significance level alpha=0.05, one must accept the
null hypothesis (b). Ifthe computed pvalue isless tharthe significance level alpha=0.05, omeist
reject the null hypothesidH, and accept the Alternative Hypothesis (Ha).

According to the result abovéoth Chloride andpH follow a normal distribution and the remaining
five variables do not follow a normal distributiolm. order to compare rand Water data with ground
truth data, non-parametric tests will be used on thista.

6.2.3.3 Non-parametric hypothesis tests

Test 1:Comparison of distributions for two independent samples. The samples here include site 1
(upstreamof the Treatment plant) and site 2 (downstream of the treatment plant) for the twelve
month sampling period. The test chosen here MannWhitney test /two-tailed test which is the
non-parametric equivalent to the-test for two independent samples. The samples are said to be
independent from one another as each sample represents a different sample site, the samples are
relatable by time as data collected from each sit&s collected on the same day. This test is used to
determine if the two independent samples were selected from populations having the same
distribution.
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Table &: The ManrWhitney test / two-tailed test results for all the water quality variables betwaesite 1 and site 2 for
the twelve-month sampling period.

Water Quality variable | p-value (independent samples) Null Hypothesis ()

0.580
Chloride

0.000
Conductivity

0.537
Iron

0.609
Nitrate

0.551
pH

0.452
Phosphate

0.004
Sulphate

Test interpretation:

Ho: The difference of location between the samples is equal {thére is no difference between
medians).

Ha: The difference of location between the sampleslifierent from O (there is a difference in
medians).

If the computed pvalue is greater than the level of significaradpha=0.05 one should accept the
null hypothesis bl If the p-value & lower than the significance levalpha=0.05 one should reject
the null hypothesis § and accept the alternative hypothesis Hecording to the test result, only
conductivity and sulphatare shownto have different populations between site 1 and s&eThe
results agree with the ground truth data summaries as well as the Rand Water statistical.results
These two parameters have increased between site 1 and2sitee to the processes occurring at
the AMD treatment plantElevated conductivity and quliate levels are a major concern within the
Blesbokspruit wetland area.

Test 2: Comparison of distributions between site 3 (upstream of the Marievale Bird Sanctuary
Wetland) and site 4 (the start of the Marievale Bird Sanctuary Wetland)

Table &: The ManrWhitney test / two-tailed test results for all the water quality variables between site 3 and site 4 for
the twelve-month sampling period.

Water Quality
variable p-value (independent samples) | Null Hypothesis (b}

0.755
Chloride

0.183
Conductivity

0.975
Iron

0.171
Nitrate

0.021
pH

0.932
Phosphate

0.660
Sulphate
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The test resultshown on #able 26 on the previous pagedicatesthat only pH has a different
population between site 3 and site 4. pH is not a water quality parameter of concern as it maintains
an ideal management target throughout the Blesbokspruit Wetland. This siegtjeststhat the
Blesbokspruitwetland area betwesn site 3 and site 4 has very little influence on water quality
parameters. Thee results agree with the ground truth data summaries as well as the Rand Water
statistical results.

Test 3: Comparison of distributions between site 4 (the start of the Marievale Bird Sanctuary
Wetland) and site 8 (the end of the Mariev@3ed Sanctuary \atland).

Table Z: The ManAWhitney test / two-tailed test results for all the water quality variables beteen site 4 and site 8 for
the twelve-month sampling period.

Water Quality variable| p-value (independent samples) Null Hypothesis ($)

0.514
Chloride

0.724
Conductivity

0.143
Iron

0.506
Nitrate

0.378
pH

0.854
Phosphate

0.977
Sulphate

Comparison of distributions between site 4 (the start of the Marievale Bird Sanctuary Wetland) and
site 8 (the end of the Marievale Bird Sanctuary Wetland) are the same for all the water quality
parameters. Test 3uggestspnce againthat the MarievaleBird Sanctuarywetland has very little
influenceover water quality parameters.

Test 4:Comparison of distributions between site 5 (Duiker Hide within Marievale Bird Sanctuary)
and site 6 (B17 at the centre of Marievale Bird Sanctuary).

Table B: The ManAWhitney test / two-tailed test results for all the water quality variables between site and site 6 for
the twelve-month sampling period.

Water Quality
variable p-value (independent samples) | Null Hypothesis (b}

0.787
Chloride

0.347
Conductivity

0.658
Iron

0.068
Nitrate

0.037
pH

0.887
Phosphate

0.505
Sulphate
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Comparison of distributions between site 5 and site 6 indicate that only pH has a different
population between the two sample site§his is the same result seen previously for test 2. These
results suggest that there is very little influence by the Malewvetland on water quality between
these two sample sites.

Test 5:Comparison of distributions between site 6 (B17 at the centre of Marievale Bird Sanctuary
Wetland) and site 8 (the end of the Marievale Bird Sanctuary wetland).

Table ®: The ManAWhitney test / two-tailed test results for all the water quality variablebetween site 6 and site 8 for
the twelve-month sampling period.

Water Quality
variable p-value (independent samples) | Null Hypothesis (b}

0.156
Chloride

0.887
Conductivity

0.465
Iron

0.298
Nitrate

0.037
pH

0.989
Phosphate

0.875
Sulphate

Test 4and test 5 were performed to identify whether there were any significant differences in
populations for the water quality variables within the Marievale Bird Sanctuary WetlEmal.only
water quality variable that has a different population is pH, which is not ablardf high concern as
mentioned. These results suggest that there is very little influence by the Marid®iateSanctuary
wetland on water quality, except for pH.
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6.2.3.4 Timeseriesgraphs(ground truth data):

Timeseries graphs foeach water quality parameter have been mdde the ground truth sampling
period from June 2018 to May 2019hese graphs help show whether certain water quality
parameters are meeting the required targets for each sampling site. All 8 sample sites are shown on
the graphs, and comparisons can be made between sample sites. As thesevarevater quality
paramders, only the concerning parameters that lie within the unacceptable and tolerable ranges
will be shownThe remaining ground truth timseries are shown in the appendix section.

Conductivityground truth timeseries graph

Conductivity values for the Ground Truth site8 for the 12 month sampling
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Figure50: Conductivity valuegor the ground truth sites 18 for the 12-month sampling period

The time series graph faonductivityshows clearly thatonductivitylevels are lowest at site 1 and
increase from site 2 to site 8. Site 7 (Hadeda hide) is shown to have the highesttiaihdas this is

the sitewhere the water became stagnant and conductivity levels are thought to imaveased due

to increased evaporatiorit is noticeable that, moving downstream, sites 4,5,6,7 and 8 (which are all
within Marievale Bird Sanctuary) all have high valuesooiductivityespecially during months 5,6,7
and 8 which correspond to the months of October, November, December 2018aandry 2019.
During this period, upon site visits to Marievale Bird Sanctuary, the water levels within the wetland
streams were low due to very little rainfall over this period. The lack of rain promoted high
conductivity values as rainwater from upstreamas unavailable to dilute concentrations of
dissolved salts. When the summer rains startemturringmore frequenty at the end of January
(month 8) 2019 conductivity levels are shown to decread&ing themonth of Februarymonth 9)
2019. Theseasonal ifferences in rainfall are highly influential with regardsdonductivity levels
within the Blesbokspruit. The impacts of seasorahfall changesvill be further discussed in the
discussion chapter to follow.
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Sulphateground truth time series graph

Sulphate values for the Ground Truth site8 for the 12 month sampling period
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Figure51: Sulphate values for thground truth sites 18 for the 12-month sampling perial.

The time series graph faulphateshowsa cleardifference between site 1(solid black lineand the
remaining sample sites. For sample sites 4,5,6,7 and 8 (within the Marievale Bird Sanctuary) high
levels of sulphate were recorded from month 1 to month 7 (June 2018 to December Zdi@)ate

has also been underestimated by thiachkit accordingo the calibration curves, meaning that true
sulphate concentrations would be even higher than the ones shown abidwese highsulphate
values are relatable to the high conductivity values seen for months 5,6, 7 and 8 which corresponded
to low water levéds at MarievaleBird Sanctuandue to a lack of rainfall during that period. The
seasonal difference in rainfall had a negative influenceswliphatecontent. Sulphate was highest
during this period as lack of rainfall promotsdIphateconcentrations espaally at MarievaleBird
Sanctuary When the rainfall started becoming more frequent in the new yealphate levels
decreasedwithin the Marievale Bird Sanctuarpuring the dry season, multiple photographs had
been taken of salt crust forming on the gired surfaces adjacent to the main river channel stream.
This provides evidence that the Marievale Bird Sanctuary is at risk of becoming a super saline
environment whenever water levels drague to a lack of rainThe highly conductive and saline
environmen will negatively impact the bird populations that live within Marievale. This will be
discussed further in the discussion section. The final month of sampling yielded the tEghustte
concentrationsThs was seen across all the individual siteduding site 1. The high sulphate values

in the last month could be attributed to a combination of processes including high sulphate inputs
upstream of site 1, inputs from the AMD discharge, low flow rates or low rainfall within the area
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Phosphateground truth time series graph

Phosphate values for the Ground Truth site8 for the 12 month sampling
period

(@]

Phosphate (mg/L)
N

2018 Year and month 2019
e 1. Ideal e 2. Acceptable
3. Tolerable s 4. Unacceptable
1. B5 Blesbokspruit @ Welgedacht Inflow = = = 2.B16 Blesbokspruit @ Grootvlei Mine Train Bridge
e 3. B15 Blesbokspruit on N17 Toll Road @ Springs ===« 4. Marievale Bird Sanctuary Bridge
e == 5. Duiker Hide in Marievale Bird Sanctuary 6. B17 Blesbokspruit @ Marievale Bird Sanctuary
--------- 7. Hadeda Hide in Marievale Bird Sanctuary e = 8. B11 Blesbokspruit on R42 bridge @ Nigel

Figure 52Phosphate values for the ground truth sites8.for the 12month sampling period

Thephosphatetime series graph for ground truth samplsisows thatphosphateis unacceptable for

all the sample sites throughout the Blesbokspruit and Mariewaddands This does not agree with

the Rand Watestatistical resultsThe reason for the difference in phosphate levels between Rand
Water and ground truth data could beud to different analytical methods used or different sampling
dates/ time periodsRand Water data indicated thahosphatelevels were being diminishetlie to

the dilution cause bythe AMDtreatment plant as well as phosphate uptake by thesttand. The
graph above does not show much improvement between individual sample sites. It does
demonstrate the need to closely monitor thigater quality variable as a serious problem. Increased
phosphatelevels could be as a result of agricultural practiaed sewagengress at multiple areas
acrosghe greater Blesbokspruit catchment.
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pHground truth time series graph

pH values for ground truth sites8for the 12 month sampling period

8,5

2. Ideal

8 ./
T & ..... = s 1. Unacceptable
Q7’5 . - P ‘\\ — o e
7 o~ == X e | B5 Bleshokspruit @ Welgedacht

Inflow

————— 2. B16 Blesbokspruit @ Grootvlei
Mine Train Bridge

6 o) > 3 E o 5 (T) > > - — - - ¢ == 3 Bls_Blesbokspruit on N17 Toll Roa
= > S o Q ] © [&) = © @ Springs
5 Qo Qo 2 = o ) ) .
) — g’ I ] e e 2 > @ < = m— 4. Marievale Bird Sanctuary Bridge
< Q |5 () 8 ] o =
o O = 3 L) @ . o ) )
) o A LL 5. Duiker Hide in Marievale Bird
n Z Sanctuary
6. B17 Blesbokspruit @ Marievale Birc
1 2 3 4 5 6 7 8 9 10 11 12 Sanctuary
7. Hadeda Hide in Marievale Bird
2018 2019 Sanctuary
Year and Month ~  eeeeeeenn 8. B11 Blesbokspruit on R42 bridge @
Nigel

Figure 53pH values for ground truth sites-8 for the 12month sampling period

The pH time series gragigrees with the Rand Watsatatistical data in that pH is maintained at an
ideal management target. pH increases between site 1 and site 2 which is the action of the AMD
treatment plant to raise pH levels downstreahrough the discharge of treated water

6.3 Soildata (soil ph ancconductivity)

Two separate soil sample collections were completed in November and December 2018 in Marievale
Bird Sanctuary. The soils were collected on river transects adjacent to the main river channel. The
November transect yielded 9 samples and trec&@nber transect yielded gamples The number of
samples depended on the distance to the Marievalgter fence/border. Soils were collected
roughly between 20m and 30m apanfter completing collection andnalysis the following results

were obtained

6.3.1November 2018ransect results

The November Transect was completed adjacent to S{tidatievale Bridggat the northern end of
the Marievale Bird Sanctuari total of 9 soil samples were collected and analysed and the results
are shownnm the table below:

Table30: Soilconductivity and soil pH for the November 2018 transect

Sample No.| GPS Location Soil Conductivity (mS/m)| Soil pH (pH)| Distance from the river edge (m)
1| S26.33082 E 28.5132C 1560 6.4 15
2| S26.33072 E 28.5128¢ 250.9 5.28 38
3 | S26.33060 E 28.51247 111.6 5.1 52
4| S26.33052 E 28.51211 106 5.9 72
5| S26.33043 E 28.5118¢ 63.4 5.7 90
6 | S 26.33030 E 28.5115¢ 4.75 6.05 120
7 | S26.33017 E 28.5113€ 15.26 6.85 140
8 | S26.33012 E 28.51101 6.13 4.9 170
9 | S26.33000 E 28.51072 5.83 6.18 195
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Below is a Google Earth Image illustrating the exact position of the 9 sample sites adjacent to the
Marievale Bridge water collection si{gite 4) The numbers 1 through 9 correspond to the GPS
location and site numbers in the table abovie theWestof the transect there is anine dumpas

seen in the image below and the transeeas performedin this direction to identify whether the

mine dumphas a influence ovesoil ph and soil conductivity

4

Site 4. Marieyvale Bridge

Scale Om 100m 200m 300m

Figure 54: Google Earth image showing the exact positions of the 9 soil sample sites.
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Figure 55: Soil conductivity for the 9 soil samples collected in November 2018.

As can be seen from the simple line graph above, the soil conductivity is extreme{t 56ghmS/m)

at site1 closest to theiver channel and the conductivity decreadesther from the river, eventually
decreasingto 5.83 mS/m at site 9. Conductivityllfmvs an increasing trend towards the stream
channel and decreases towards thene dumpas shown in the graphit is possible that the mine
dump may have an influence on soil conductivity, however, theeediear indication that the river
has amuch greater influence on soil conductivitgver the mine dump.Soilconductivityvalues close
G2 G0KS N @S Nidigating BRatle inteidditenfy wektikd areas of the riparian zone may
dry upleaving behind high salt content which influendks soilconductivity.Sites 1,2,3,4 and 5 are
less than 100 meters from thdA P&idelte conductivity of these sites are a lot higher than sites
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6, 7,8 and Ywhich are between 120rrL95m from the river)According to this data, oneould infer

that there & ahigh level of conductivityithin soils adjacent to th&lA Jetigeihat is a result of the
high conductive nature of the water within the stream. Thighly salinesoil could possily follow

the trend of the flood plain within the Blesbokspruit and can have a major influence on the
environment within the area.
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6,85

6,18
6,05 57 59

6,4

49 51 5,28

Soil pH (pH)
O P N W M 01 O N

TNOV9 TNOV8 TNOV7 TNOV6 TNOV5 TNOV4 TNOV3 TNOV2 TNOV1
Site Number (TNOV9 = Transect Novembe site 9)

Figure 56: Soil pH for the 9 soil samples collected in November 2018.

The simple line graph above illustrates how soil gtdinges from site 1 near the stream to site 9
near the tailings dam. The pH values cover a range of 1.95 pH units with the lowest (most acidic)
value of 4.9 at site 8 and the highest value of 6.85 pH (near neutral) at sitelike the soil
conductivity gaph, there is no clear linear pattern in pH which might reflect the influence of either
the river or the mine dump

6.3.2December2018transect results

The December Transect was completed roughly a kilometre south of Site 4 (Marievale Bridge) within
Marievale Bird Sanctuary. A total of 4 soil samples were collected and analysed and the results are
shown in the table below:

Table 3. Soilconductivity and soil pH for the December 2018ansect

Smple GPS Location Soil Conductivity Soil pH Distance from the river edgat
No. (mS/m) (pH) the time of samplingm)

1| S26.33769 E 274.3 6.47 10
28.51672

2| S26.33765E 290.7 6.33 26
28.51697

3| S26.33758 E 32 6.7 55
28.51718

4 | S26.33746 E 22.2 6.75 75
28.51743
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Below is a Google Earth Image illustrating the exact position of the 4 sample sites collected in
December 2018. The numbers 1 through 4 correspond to the GPS location and site numbers in the
table shown previously At the time of sampling, sites 1 and 2 ivedry and notin the riveras
depicted on the Google Earth Image. The rivgrbedswere due to dry conditions in the area due to

lack of summer rainfall experienced in December 2018. The distance from th@ &dge given in

the table above was the dence from the river at the time of sampling.

Scale Om 100m 200m 300m

Figure 57: Google Earth image showing the exact positions of the 9 soil sample sites.
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Figure 58: Soil conductivity for the 4 soil samples collected in December 2018.

The line graph above demonstratassimilarlinear pattern in soitonductivty as thesoils collected
RdzZNAY 3 (GKS b2@0SYOSN]I ¢NIyaSoidod {2Afa Of2aS G2
and 2 have high conductivity values of 274.3 and 290S/m respectively. Sites 3 and 4 havech
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lower conductivitiesas shown in the line graph with values of 32 and 22.2 mS/m respectively. The
results aboveand the results regarding the November transect botticate that thehigh salinity

load within the water that is flowing throughMarievale and the greater Blesbokspruit Wetlaisd
suggested to hava strongdirect influence on the soil quality adjacent to the river chann8tzme
plants are detrimentally affected, both physically and chenycdly excess salts and high levels of
exchangeableions in soils(Frempongand Yanful, 2006 This will be discussed further in the
discussion chapter.

Soil pH December Transect
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Figure 59: Soil conductivity for the 4 soil samples collected in December 2018.

The line graph abovimdicatesthe soil pH of the December Transect. The results indicate that the
soil pH has a very low range of 0.28 pH units and there dearpattern to suggest that soil pH is
highlyinfluenced by the river system. The soil pH iminm value of 6.33 for site 2 and maximum
value of 6.75 for site 4 indicate that the soil has a neutral pH. Perhaps if more samples were taken
further away from theNJA @&igelingre would be a different outcome, but the Eastern boundary of
the MarievaleSite is no more than 10 meters from site 4 and so the transect could not be extended
beyond this point. As mentioned with the December Transect soils, the 30|I pH within the r@yon m
be more greatly influenced byfactors other than the e
river system

Figure 60, 61 and 622hotographs which provide eviden
of salt crusts that have formed on the surface
the soil after water has evaporated. The
photos were taken during August (dry seast
2018 at Marievale Bird Sanctuary and valid:
the highsalinity of the area.

91| Page



6.4 Riversediment resultsXRF spectrometry analysis b&avymetals

The sampling of river sedimenggves an indication of the amount dkavymetal pollution within

the wetland sediments due to historic AMD pollution. Sediment sampling was carried out in
September 2018 during Spring seasdine sampling sites are the same sites used for water
collection. Sediment was collected from each of therbedsat sample sites one through eight. A
gravimetriccorer was used to collect approximately the tod® cm of surface sediment at each
sample site. The XRF Spectrometry analysis accounted thifdrent trace elementshowever, only

six are of inpportance within AMD environments.

Table 2: Heavymetal analysis for the six metals of importance within AMD environments

Heavy Stel Ste 2 dte 3 Ste 4 Ste 5 dte 6 Ste 7 dte 8 Regional Threshold

Metal Background mg/kg*
mg/kg*

Cobalt 81.55 518.83| 80.06| 250.36| 50.34| 106.26| 22.25 39.36 9.80 240

(mg/kg)

Nickel 215.28 | 1816.92| 243.07| 341.07| 126.77| 223.19| 77.61 61.30 36.10 210

(mg/kg)

Copper 169.71 248.19 71.18 51.00 49.15 65.62 42.21 28.50 16.90 190

(mg/kg)

Zinc 615.22 | 2803.92| 187.57| 625.48| 493.84| 495.05| 478.68 139.58 97.70 720

(mg/kg)

Lead 229.68 122.97 42.20 38.92 46.76 62.01 34.45 14.92 27.40 530

(mg/kg)

Uranium 7.16 66.07 15.18 15.03 11.48 16.07 14.52 3.19 5.10 100

(mg/kg)

* Regional Background and Threshold values are those useayichoudhury and Stark2006).
6.4.1Sedimentquality results
6.4.1.1Enrichmentfactor

The enrichment factor is determined by dividing the total metal concentration ofsimdiment
sample with the regional background. The background value acts as a target value that should be
met after remediation of the sit(Roychoudhury and Stark2006) The table below illustrates what
sedimentenrichment factowvalues correspond to the level of pollution at the site

Table 3: Enrichment factor values and the corresponding pollution level

Enrichment FactoPollutionLevel EF Value

Unpolluted (Targekteve) <1
1and2
2and3

Moderately Polluted 3and 4

Highly Polluted 4 and 5
>5

Theenrichmentfactor pollution levels have been adapted frddoychoudhury and StarK2006)
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Table 3k The enrichment factor for eackedimentsample as well as the average enrichment for each metiadl at each
site.

Average Metal
Metals Enrichment

Cobalt
Nickel

Copper

Zinc

Lead

Uranium
Average Site
Enrichment

The table above illustrates the enrichment factors ohé&avy metals compared to the regional
background (target value) at each sitéhe average EF values for tinetals ofcobalt, nickel, copper

and zincindicate a very high level of pollutionThe averge EF fouranium indicates a moderate
level of pollution,and the average EF t#ad indicates a light level of pollutior-rom highest to
lowest in terms of average metal enrichmeggbalt, nickel, zinc, copper, uranium and le&dhen
comparingthe avemge EF for eackample site,sites 1,2,4 and are described as very highly
polluted with respect to the regional background. Site 3 is highly polluted on average, site 5 is
moderately polluted site 7 is lightly polluted and site 8 is very lightly pollutn averageFrom
highest to lowest Elalues withrespect to the sample sites; S2, S4, S1, S6, S3, S7 ahdsS8.
important to note that site 2, which is downstream of the Grootvigne dump and its historical
mine discharge poinhas the highest avageenrichmentfactor of 27.35 Thesecond highest is site

4 at the Marievale Bridgavhich is adjacent to a mine dumgnd hasan average EBf 8.13 It is
important to make note that the enrichment factor value®wnstream ofsite 6 at site 7 and 8.
These two sites mark the end of the Marievale wetland indicating that trace metal concentrations
have the tendency to decrease through the course of the wetland. What is of concern is that only 2
EF valueare within the target range/badcound concentratior{dark blue colour)Both of these are

at site 8 which indicates again thaéieavy metals are being reduced as they pass through the
wetland. However, considering that very few values meet target requiremehis, possible
remediationof sedimentsalong the Blesbokspruitould be exploredespecially downstream of the
Grootvlei mineat site 2 What could also be interpreted is that sites 5,6,7 and 8 are further away
from the mine dumpsand the historical mine discharge pointghich arenearerto sites 1, 23 and

4. This suggests thanine dums and historical mine discharge pointgve a high influencero
heavymetal enrichment factor within the regiorl.he high metal enrichmentould be the result of
groundwater movement, surface runasf even windblowrdust from the mine dumpand historical

mine discharge pointhereby heavy metalsave beerdeposited into the Blesbokspruit sediments.

6.4.1.2Sediment evironmental risk factor (SERF)

The SERF #dsoa ratio and is calculated to determine the ecological risk causandigl pollution
within sediments othe study areaThe SERF is determined by dividing the total metal concentration
of the sample with the total metal concentration threshold. The cornigion threshold value
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describes the need for human intervention/remediation, as concentrations exceeding this threshold
would signify high ecotoxicity potentiéRoychoudhury and Stark2006)

The table below illustrates what SERF values correspoidexicity levels

Table &: SERactor values and the correspondingotential toxicity level.

SERFMPotentialToxicityLevelwithin Sediments | SERF Value

Very low potential for toxicity <0.2

Low potential for toxicity 0.2 and 0.5

Moderatepotential fortoxiaty 0.5and 1.5
>1.5

The SERF factor pollution levels have been adapted Royehoudhury and Starkg006)

Table &: The SERF values of each metéthin sedimentsat each site as well as the average SERF value for each metal
and the average SERF value for each site.

Sites (SERF valut sedimentg
Average SERF for

Heavy netals S1 |S2 |S3 |[S4 |S5 |S6 |S7 | S8 |eachmetal
Cobalt 0.34 0.33| 1.04| 0.21| 0.44| 0.09| 0.16 0.60
Nickel 1.03 1.16 |88 0.60] 1.06| 0.37 0.20 ||
Copper 0.89|1.31| 0.37| 0.27| 0.26| 0.35| 0.22| 0.15 0.48
Zinc 0.85 0.26| 0.87| 0.69| 0.69| 0.66| 0.19 1.01
Lead 0.43| 0.23| 0.08| 0.07| 0.09| 0.12| 0.07| 0.03 0.14
Uranium 0.07| 0.66| 0.15| 0.15| 0.11| 0.16 | 0.15| 0.03 0.19
Average SERF for
each Site 0.60 0.39| 0.67| 0.33| 0.47| 0.26| 0.14

The results indicate the level of eco toxicity when comparing metal concentrations at each site with
threshold concentrations. When comparititge averageSERF for each metalickelis described as
having a high potential of being toxmobalt and zinc &ive moderate potential for toxicitycopperis
described ashaving a low potential of beingpxic and bothlead and uraniumhave avery low
potential for ecotoxicity. When comparirayeragepotential of toxicityfor each metal metals follow

from highest to lowest in the following ordenickel, zinc, cobalt, copper, uranium and le&dhen
comparing average SERF values for each sittes follow from highest to lowest in the following
order; €, S4, S1, S6, S85,S7 and S8. Site i2 the only site that is described as havingigh
potential for toxicity. This site is below the Grootvlei miged its historical mine discharge paint

and a high potential for toxicity suggests thatnediation may berequired in this areaSite 2 has

the highest SERF values over all the other sites for all heavy metals except for lead at site 1. This
suggests that lead (and other heavy metals) at site 1 reflect pollution from upstream soBitecs.

and Site 4 fall into the moderate potential for toxicitgnd according tdRoychoudhury and Starke
(2006) remediation is recommendetbr sites with a moderate potential to ecotoxicitgites 3, 5, 6

and 7 are described as having a low potential for toxaitgtaccording toRoychoudhury and Starke
(2006) close monitoring isecommendedat sites with low potential for toxicityfo ensure the
toxicity potential does not increase. On averagée 8, with a very low potential for ecotoxicity, has
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the lowest SERvalue. The average SERF values for each site from upstream to downstream follow a
trend whereby S1 has moderate potential, S2 downstream of the Grootvlei amddts historical
discharge pointhas a high potentiafor ecotoxicityand thereafter the potential for ecotoxicity
diminishes downstream to the lowest value at site 8. These results suggest that the wedtialad
possiblyplay a role in reducing the potential for ecotoxicity within the sediments. What could also
be interpreied is that site 5, 6, 7 and® are further and furtheraway fromthe historical discharge
point at Grootvlei mine andother mine dumps seemnearerto sites 1, 2 3 and 4 The distance
betweensamplesitesto mine dumpsand historic decant pointsuggest tlat thesemine dumpsand
historical decant pointgare highly influentiato toxicity potential. These resultfherefore, suggest

the needto investigate whetheremediationof wetland sedimentsvould be beneficial, especially
around sites that are nearemine dumps Overall, both EF and SERF values show similar trends and
outcomes.

The following line graphs illustrates the quantity of edgavymetal within the sediments of each
sample site:
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Figure63: Cobalt,nickel and zinc contaminatioacross sites 1 t0.8
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The two line graphson page 95ell a similar storyto the tables shown before. Considering that the
tables show factors thatvere determined using direct metal values, it is not surprising to see that
site 2 has the highest values of metal polluti@ite 2 is also directly downstreaai the original
dischargepoint of Grootvlei minelt is evident that metal concentrations aleing reduced further
downstreamin both graphs. This reduction in metal concentrations could be as a result of metal
uptake by the wetlandsdownstream or due to the sites being further away from théne dumps

and mine discharge pointsr a combinatiorof the two cases.
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7. Discussion
7.1 Main aim of the study

The main aim of this study was to determitie influence ofthe introduction of the Eastern Basin
AMD treatment Plant and the existingetland on AMD pollution and water quality within the study

area Peerreviewed literature concerning the Eastern Basin AMD Treat Plant has not, as yet, been
published since its lanch in August 2016. This research gap stood as a prospect to explore the
influence of the new Eastern Basin AMD Treatment Plant as well asgtbater Blesbokspruit
wetland in remediating AMD pollution. The prevailing aim of this study is therefore, tong@ra
possible solutions to the very broad geographic issue of AMD as a whole, both in South Africa and
throughout the world(McCarthy, 201} This research is significant as essential freshwater resources
all over the worldare becoming increasingamagel through AMD pollution(Oberholster, 201D
bdzYSNRdzA RSTFdzy OG YAYyAy3d | NBFa | NBE &aLINEhRy I ONR & 3
20117). The results of this research question could inform decision makers in being akdertfy
the influence tlese treatment processes have on water quality within AMD environments.

7.2Summary account of the agor findings

The methods used to answer this research questiariuthed making use of multiple sources of
information. These included making land use/land cover m#pes,use of historical water quality
data from Rand Watersampling ofwater, soil and sediment, laboratory analysis and statistical
analysis on the data colleae Strict methods and procedures were followed throughout the
research processWith regards to land use resulthigh percentage coverage oésidential and
agricultural land use classesthin sample sitesubcatchmentscan be attributed to the high leve of
phosphate within the Blesbokspruit Wetland ar&ith regards to the historical Rand Water quality
results: a major finding was that, since it became operational, the AMD Treatment plant has a
significantly higher influence on water quality compareal the Marievale wetland To add,
conductivity, chloride, magnesiunand sulphatelevels had directly increased as a result of the
processes implemented by threew AMD treatment plantManganese andton levels were reduced
due to thedilution causedby the AMD treatment plant. Lastlydue to dilution of downstream
waters by theAMD Treatment plant ancdhutrient intake atthe Marievale Wetland nutrients of
ammonum, phosphate and nitratare being reducegvithin the Blesbokspruitvetland

With regards to ground truth water sampling datae AMD treatment plant has a larger influence
on water quality over the Marievaleetland which is agreeable to the Rand Water quality results.
Both conductivity and sulpate had different populations between the two sites upstream and
downstream of the AMD Treatment plarnthese two variables increased significantly as a result of
the processes implemented by th&MD treatment plant, and this agrees with the Rand Water
results once again. Ground truth water quality results did not agree entirely with the Rand Water
results in respect ophosphatereduction downstream.This could be due to different analytical
methods used by Rand Water quantify phosphate leveld?hosphte levels for the ground truth
water sampling data were not reduced downstream as seen in the Rand water quality r&sillts.
quality results confirm that soil conductivity is extremely high adjacent to the main river channel in
areas that lie within thefloodplain. The results suggest that the Blesbokspruit channel has a
dominant influence over soil conductivity compared to a nearby mine d@egiment trace metal
analysis confirmed that trace metals are concentrated downstream of the abandoned Grootvlei
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mine. To add, metal enrichment factors aendvironmentalrisk factors diminish greatly further away
from mine dumpsand historical mine discharge points

7.3 Critical analysis of the major findings witleferences to previousesearch
7.3.1 Land Use findings

The land use maps which were generated manyaihyide a basic reference to the land use of the
entire Blesbokspruitatchment area. Within sample sigibcatchments, the results identified three
major and two minor land use classebhe three major land use classes include: agriculture,
residential areas and open vegetated land, and the two minor land use classes include industrial
areas and mine dumpsSub atchmens for sites1, 2 and 3 all have higher residentlahd use
coverag@ compared tahe subcatchmens forsites 4,5,6,7 and 8, where agricultural land makes up
the majority of the land cover. It was described within the literature review t@at lwhich is mainly
used for agriculture and residential areas influence andeiase the amount of nitrogen (nitrate and
ammonum) and phosphorous (phosphate) within wat@fong and Chen, 2002According to the
historical Randwater quality and ground truth water quality results, the means of nitrate and
ammonum are generally desdsed as ideal, and phosphate means are described as unacceptable
throughout the Blesbokspruitvetland. High value®f phosphateseen at sites 1,2 and 3 could be
attributed to the high residential land usageithin thesesubcatchments High values of phosphate
seen atsites4,5,6,7 and 8 could be attributed tihe high agricultural land usageithin thesesub
catchmentslt is most likely that @ombination of both residential and agricultural land ysactices
across the Blesboksptutan be attributed to high levels of phosphate entering the Blesbokspruit
wetlandarea.

With regards to sediment quality results, it was evident that the highestal pollution was found

at sites that are near tonine dumps and historical dischargepoints, and that metal pollution
diminishes further from away frormine dumpsand historical discharge point3he results of the
sediment trace metal analysis do agregth Roychoudhury and Stark@006 in that the highest

metal concentrations were also found neaine dumps This is especially evident at sample site 2,

this site is directly downstream of the Grootvlei mines and showed the highest levels of
contaminaton and metal enrichment compared the other samplinggd A 1 Sa® 5dzS G2 GKS
flyR dzaS Ofl aa¢ KIFIGAy3d OSNEBE &aAYAfI N LISNOSydlr3as
percentage alone, does not account for increased metal contaminatioa clbse proximity of sites

to the individual mine dumpand thehistorical discharg@oint of Grootvlei mine (specific to site 2)

is what causes the increased levels of metal contamination, and not just the percentage of mine
dump land coverage within imddual subcatchmentsites Thesediment heavynetal results will be
discussed further in this chapter.

7.3.2 Historical Rand Water quality findings
7.3.2.1 Negativeinfluenceof the AMDtreatment plant

TheRand Water quality data provided historical water quality data for the Blesbokspruit. This data
was used to determine changes in water quality for periods before and after the introduction of the
AMD treatment plant. In sequence with the results, data swuames from site 2 for periods before
and after the treatment plant determined thatonductivity, sulphate, chloridend magnesium
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meansincreased to an inferiomanagement level targstafter the AMD treatment plant came into
operation In the literature eview, the shortterm (phase oneyemediation processes implemented

by the AMD Treatment plant was hypothesidedead to increased conductivity and high sulphate
content and this was confirmefMcCarthy, 2011)The increased conductivity (water hardness)

also caused by elevated chloride and magnesium within discharge waters releasbd BWD
treatment plant Hypothesis tests concluded that site 2 (downstream of AMD treatment plant)

had different populations forhree water quality parameterschioride, magnesium and sulphate
which all increased and led to inferior management target levels. The Hypothesis test for different
populations between site 1 (upstream of the AMD treatment plant) and site 2 (downstream of the
AMD treatment plant) confirmedhat nine out of the fourteen water quality parameters have
different populations. This tesind Rand Watetime series graphsonfirm that the AMD treatment

plant has an extremely high influence on water quality in the Blesbokspruit, and the influences are
not positive. Thedissolvedoxygentime-series graph shows howissolved oxgen has decreased
over time throughout the Bleshpruit and not just downstream of the treatment plant. This will

be discussed further nearer the end of this chapter.

7.3.2.2 Positiveinfluenceof the Eastern Basin AMreatment plant

Peerreviewed literature concerning the Eastern Basin AMD treatnpéant has not been published.
However, media reports highlighted that since the treatment plant had come into operatiam,

and manganesdevels were being reduced and pldvels werebeing increased at the AMD
treatment plant. The Rand Water quality sidts section had confirmed that both iron and
manganese were being reduced, on average, at site 2 for the period before and after the AMD
treatment plant began operatinglt is reasonable to suggest that this reduction in iron and
manganese is due to thdilution of the stream water caused by the AMD treatment plant
dischargingclean overflow watelinto the wetland downstreamTheiron and manganese that is
treated at the plant(referred to in the media reportsjriginatesfrom the AMD water being pumped

up to the treatment plantfrom undergroundand the treated metal containing sludge would be
disposed of back down the shaft. Therefore, the AMD treatment plant does not directly reduce iron
and manganese within the Blesbokspruit stream, but rather redutes iton and manganese
indirectly by diluting stream water when it discharges the clean overflow water from the thickeners
section of the plant. The same argument can be made for the reduction in the nutridnts
phosphate, ammonim and nitrate considering that the treated water does raiginate from the
stream itself. AMD water pumped from underground can be assumed to have little to no nutrients,
when this water is treated and the subsequent metal sludge is disposaddargrourd, the clean

over flow of water that is produced and later discharged into the wetland is thought to have low
concentrations of nutrient¢éand heavy metals)lhe reductionof nutrients between site 1 and site 2

can be simply due to the dilution caused whte clean overflow water is discharged into the
wetland downstream of the treatment plant. It cannot be overlooked that although phosphate is
being reduced, it still does not completely fall into the ideal or acceptable management target levels.
pH is belg maintained at an ideal levelhe neutral to basicpH levels were also describday
Ambani and Annegarrf2015 for the Blesbokspruit. Maintaining this ideal target pH level is
advantageous ascalic waters have the potential tdissolve toxic heavy md&in the environment
(Akcil and Koldas, 20D6
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7.3.2.3Influence of thegreaterBlesbokspruit and Marievale Wetlargbn water quality

With reference to the Rand Water quality results, the influence of the Marievale wetland has much
less significance compared to the AMD treatment pldrttis wasdemonstratedin the hypothesis
test where the comparison of populations between site 1 (upatneof the treatment plant) and site

2 (downstream of the treatment plant)ndicated that nine of the fourteen parameters have
different populations.Compare this taonly three of the fourteen water quality parametevghich
were shownto have different poplations between site 3 (upstream of the Marievale Wetland) and
site 5 (downstream of the Marievale Wetland). The three populations that vsévn to have
different populations include ammonum, dissolved oxygen and nitratdt has already been
mentioned hat bothammonum and nitratewere reduced due talilution caused by the discharge
of the clean overflow into the wetland by thAMD treatment plant. The role of the greater
Blesbokspruitand Marievale wetland in reducing tee two nutrients is also shown in tieand
Water box plotresults.Both ammonim and nitrate are essential for all plants and anim@débert

et al.,2005). The reduction of these two nutrients is direct evidence that the Marielatandis
promoting ammonium and nitrate uptake within the Blesbokspruithe exact mechanisn{snainly
biological)by which nutrient uptake is taking place are difficult to pinpoint as mentioned within the
literature review(Matagi et al., 1998)The main biological mechanismscurring in wetlands that
results in removal of pollutants and nutrients are photosynthesis, respiration, fermentation,
nitrification, denitrification and phosphorus remov@hanijo, 2002)lt is possible that a numbenf
these biologicalmechanisms are taking place simultaneousydifferent placeswithin the greater
Blesbokspruit and Marievale Wetlands.

As far as remediating AMD pollution, the Marievale and greater Blesbokspruit Wetlands are a lot less
effective. Irrespective of the magement targets achieved, water quality iemains constant
between Rand Watersite 3 (upstreanof the Marievale Wetland) and site 5 (downstream of the
Marievale Wetland) over time. The possible cause of little to no influence may be dliteto
interaction between the flowing river channel and the wetland arbatveen Rand Water site 3 and

site 5. What is significant is that since the AMD treatment plant launched, water quality has been
highly impacted. The water quality data obtained from the wetlame a direct result of what is
occurring upstream, and the wetland shows little indication of reducing/improving most water
guality parameters especially after the AMD treatment plant came into operalidinere there is
improvement, in the case of nutrieniptake, these improvements do not directly relate to water
guality parameters indicative of AMD pollution such as iron, manganese, magnesium and sulphate.

7.3.3 Groundtruth water quality findings
7.3.3.1 Influence of the AMD treatment plant and th8lesokspruit Wetland:

Ground truth water quality data ere collected in order to identify seasonal changes in water quality
as well as making comparisons with the Rand Water quality data. In terms of the influence of the
AMD treatment plant, it wasdemonstraed through hypothesis testing that both sulphate and
conductivity have different populations between site 1 and site 2. Between site 1 and 2, on average,
sulphate moved from the ideal management target to the tolerable management target and
conductivity noved from the acceptable management target to the tolerable management target.
According to the sulphate calibration curveulphate is also being underestimatby roughly 20%

and is a parameter of major concerfihe increase of these two parameters agrees with the Rand
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Water data as well as the literature. In terms of influence on water gquality, the AMD treatment plant
has a greater influencen water quality tlan the Marievale Wetland. This wdemonstratedas the
hypothesis test between site 4 (upstream of the Marievale Wetland) and site 8 (downstream of the
Marievale Wetland) indicated that the all the individual water quality parameters have the same
population, and this agrees with the Rand water quality result8th respect tophosphate the
ground water sampling data does not agree with the Rand Water @h&reby phosphate is being
reduced downstreamThephosphatetime series graph shows thahosphateis at an unacceptable
management levethroughout and is a potential environmental issue within the study ar8de
overall influence of the Marievale wetland is minimal with regards to remediating AMD pollution
according to the ground truth datathis iscomparable to the Rand Water quality data results
mentioned previously.

7.3.3.2 Seasonalariationsin water quality:

Both the conductivity and sulphatetime series grapé indicated that these two water quality
parameters increased during the periods with little rainfall. This confirms the resulmbfni and
Annegarn(2015 whereby the greatestaluesin conductivity occurred during the dry season when
rainwater surfacerunoff was low and could not dilute contaminated stream water. What is
significant is that this paper was written before the treatment plant came into operation. This
indicates that the high conductivity within the area has been a problem even before M2 A
treatment plant started, and now conductivity (including sulphate, chloride and other dissolved
salts) is being increased furthermore since the AMD treatment plant came into operam®n.
mentioned, he sulphate calibration curves also suggest that Isal@ concentrations are
underestimated by theHach test kit by roughly 20%. This is a@ncern as sulphate is being
underestimated and is a parameter raising to tolerable management target lévelould also not

go without mention that site 7 (Hadedadd) within the Marievale wetland had become completely
inundated with bothgreenalgae and duckweed from January 2019 to May 2019. The presence of
these two problem species is another overriding issue within the Marievale Bird Sanctuary, and
these and otheissues will be discussed further in this chapter.

7.3.4 Soil qualityfindings
7.3.4.1 Soil Conductivity

Soil pH and soil conductivity were both obtained from soils collected from two separate soil
sampling transects. The results indicated that soil conductivity is highly influenced by the
Blesbokspruit channel. The soil sampling transect completed in Nowe2@i& demonstratedthat

soil conductivity increased towards the river channel and not an adjacen¢ dump This is a
important finding in that the stream itselfias astrongerinfluence on soil conductivity compared to

an adjacent rme dump.This is smething that may have been predicted as the Blesbokpruit water is
described as having high conductivigmbani and Annegarn, 2015)he results suggest that the
stream is a source of increased conductivity. This spatial analysis of soil within the NéaBéda
Sanctuaryfrom this researcttan be used to compare soil samples collected in the future to consider
if the soil may become increasingly saline over time due to the stream. With increasing conductivity
of stream water from the upstream source atetiAMD treatment plant, one would expect that soil
conductivity near the intermittently weéned riparian zones of Marievale Bird Sanctuary to become
increasingly saline the future
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A significant finding regarding soil conductivity was discovered dutiegDecember transect
collection. The first two samples were collected within the dnigdriverbed. A lack of summer
rainfall during this period led to the drying up of the riverbed and the river becoming extremely low
with a narrow channel. It is cledinat the Marievale Bird Sanctuary has an issue in terms of highly
conductive and saline soils from the photographic evidence shown. To add, this increased salinity
will become exacerbated during the dry season when water is unable to become diluted @lowf la

rain and upstream flowswithin the catchment. The ground truth conductivity and sulphate time
series graphs indicate that during this dry spell both conductivity and sulphate increased within the
stream. There is cause for concern with regards to soil conductivity, anantiyde aggravated
during dry spellsCapillary action of the ground water near the surfacé could be a contributing
process that caused these salt crusts to form adjacent to ihen river channels. The flat
topography of the area may cause highly salineean water to flow over the intermittently
wettened riparian zones in the lolying areas of Marievale Bird Sanctuary. The water would
eventually be evaporated leaving behind conductive salts forming these salt crusts on the topsoil
surface layer. There extensive evidence of salt crusts that have formed adjacent to river streams at
the Marievale Bird Sanctuary.

7.3.4.2 Soil

In a study conducted by Naiket al. (2003) regarding the Witwatersrand gold region, the research
concluded that ground watewithin the mining area was extremely contaminated with heavy metals
and was highly acidic (Naiker et al., 2003). One would expect that the sollected during the
November and December 2018 transewobuld showcase a similar acidic trend, but this is tiod
casewithin the Marievale Bird Sanctuary soils. Theraeo clear linear trend of decreasing pvels
(acidic levels)n soils approaching the main river streaithe stream may have an influence on soil
pH, but this influence is not significamtcording tahe resultsof this research

7.35 Sedimentheavymetal findings

Rver sedimentheavy metal analysisgivesan indication of the potential levels of heavy metal
contamination within river sediments due to historic mine pollutidiwo sediment quality factors
were used to determine sediment quality. The factors calculated were the metal enrichment factor
(EF) andthe sediment environmental risk factor (SERF). These factors were adapted from
Roychoudhury and StarK@006 who analysed sediment within the Blesboksprwi¢étland. For the

eight individual sampling sitegobalt, nickel, copper and zinall represented highly polluted
enrichment factors. Site 2, directly downstream of the Grootvlei niinmp and the historical mine
discharge pointhad an average enrichment factor of 27.8% all six metalswhich exceeds the
G@SNE KA IKTE eory bjrah indzdiByREgh 221351 Sdbalt and Nickel at this site are both
enriched by a factor of over 50 which demonstrates highly elevated heavy metal enrichmeatt

this site. In terms of sediment toxicitpjckelwas described to have a high potentfar toxicity on
average. Botfrobalt and zinc were described as lmya moderate potential for toxicity on average
and site 2 was described as having a high potential for toxiaitgording toRoychoudhury and
Starke(2006), moderate to high potentialor toxicity indicates that effective remediation/ human
intervention is required.The results of the sediment trace metal analysis do agree with
Roychoudhury and StarK2006) in that the highest metal pollution was found at sites that are near
to mine dunps and discharge pointand that metal pollution diminishes further frothese areaslt
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is possible that the reduction in metal concentrations is not only seen at sample sites further away
from mine dumps and discharge pointsut also due to metaleduction mechanisms within wetland
ecosystems.

As per the literature, the four main metal reductiomechanismswithin wetland environments are
physical, chemical, biological and biochemical (Matagi et al., 1998). These mechanisms occur within
the water, bioa (plants and animals), substratum (underlying bottom layer of sediment) and
suspended solids of the wetlanBddmavathiamma and Li, 200Th most cases these processes are
dependent on one another, they occur simultaneously and therefore it is diffioutinpoint the

exact mechanism which is taking place at any given time (Matagi et al., 2898ver, due to the
results seen, it is conceivable that these mechanisms are in fact occurring within the Blesbokspruit
wetland. For examplet is likely that metals thatchemicallyprecipitate out of solution aggregate

into particles that are large enough to sink and may have become trapped in the wetland
substratum. In this case, one would expect that the sediments nearer the metal pollution sources of
mine dumps and discharge points would have higher metal pollution, and this is exactly the case
seen within the BlesbokspruiSediments that were collected further away from pollution sources
did indeed have lower metal pollution than those collected nearefutioh sources. Along with
physical mechanisms mentioned, trace metals are also reduced by biological mechanisms such as
plant uptake. For example, floating plants such as duckweed and water fern store iron and copper
found in wastewater $akadevan and Bax, 1999;Maine et al., 2006)Typhaand Phragmitesreed

beds also aid in the role of heavy metal uptaBakadevan and Bavor, 19%hanijo, 2002). All the
plants mentioned thrive within the Blesbokspruit and Marievale wetlands and it is likely that these
plants are aiding in heavy metal intake. Therefore, heavy metals are trapped both mechanically and
biologically within the Blesboksgit and Marievale wetlands, reducing heavy metal mobilisation
downstream.

7.4 Environmental problems within the Blesbokspruit and Marievale Wetland

Thissectionwill account for the environmental problems within the Marievale Bird Sanctuary. These
problems were observed from field visits aatk an extension of the main results obtained from this
study.

7.4.1 Dissolvedxygen nitrate and phosphate

Dissolved oxygen has decreased over time throughout the Blesboksmilénd Dissolvedxygen

is promotal either through diffusion of oxygen rich air from the surrounding environment or
produced as a result of photosyntheghisloclet al., 2013) Diffusion of oxygen into the water is
also promoted by increased flow rat€€hislock et al., 2013pissolvedoxygenis necessary for
aquatic organisms and can be altered by eutrophicatibhere is a direct relationship between
dissolved oxygen availability and the amount of nutrients (nitrate and phosphate) within the water.
Although not directly obsered, the promotion of nutrients may be due to sewerage ingress or
agricultural practices seen throughout the Marievale and Blesbokspruit Wetkigdres 18 and 19
within the results section show possible pollution sources across the Blesbokspruit Catchmen
including wastewater treatment plantsThere is evidence that there are increasing algal and
duckweed blooms across the Blesbokspruit wetland, especially within Marievale Bird Sanctuary at
Hadeda hide (site 7). The excessgrients of phosphateand nitrate analysed within these waters
may have promotedthe growth ofthese algal blooms, which in turn reduce dissolved oxygen within
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the water. The slow flow rates at Hadeda hide can also be attributed to the increased area occupied
by common reed bedsvicKayet al. (2018)calculatedthat 11 percent of open water was lost from
2002 to 201due to Phragmites australiand Typha capensigrowth. The lack ofemovalof these

reed beds is an issue as they lead to slow flow rawasich would reduce dissolved oxygen
availability in the waterThe area of open water is also important waterfowl, and this area is
susceptible to shrinkage during the dry season as maatio The birds at Marievale may migrate to
other water bodies in the surrounding areas leading to permanent damages to the Marievale tourist
attraction McKay et al., 2018)

7.4.2 High levels otonductivity and sulphate

The Blesbokspruit waters were described as being highly conductive within literature that was
published before the AMD treatment plant came into operation. The results of this study indicate
that the AMD treatment plant is promoting conductivity levelshirt an existing, highly conductive
environment.lIt is reasonable to deduce tha@hase one of the AMD treatment plahasbeneficial
impacts in treating heavynetals from undergroundAMD waterand maintaining ground water
below the environmental critical \&l. Howeverthe processes used by the plant aret improving
water qualitydownstream especially with regards to conductivity and sulpha@®nductivityand
sulphate(sulphate concentrations being underestimated in ground truth water quality datads

seen at Marievale are of high concern, and for the majority of the Blesbokspetldnd lies within

the tolerable to unacceptable management target lewstsich have high potential to be damaging

to the environment.Soil quality results suggest thatream itself has become kigh conductivity
source.High conductivity values indicate high total dissolved solids and hence potential salinisation.
Most aquatic species have evolved in environments with specific conductivity levels, conductivity
levels outsde of the normal range can be damaging to the aquatic life within the water. As a result,
only hardier species may be able to survive this environni@uhieng, 2010). Theore issue of
increasedsulphatelevels involveshe chemical reactioproducing HSQ (sulphuric acid) during the
process of sulphide oxidation (McCarthy, 2011). This process is responsible for AMD and all the
issues surrounding AMD which have been mentiofidte HSQ is neutralised within the planith

lime water @ilute aqueous solution ofalcium hydroxideCa(OH) and what is expected is that
through this neutralisationCa(OH}+ BSQIH / kL€ BHO (4) calcium hydroxide reastwith
sulphuric acid to produce calcium sulphate and watdtcCarthy, 2011) The large amounts of
calcium sulphate being produced through this react#e being discharged into the Blesbokspruit
Wetland downstream of the treatment plant and increasing theels of conductivity both within

the water and the soil adjacent to the stream.

7.4.3 Heavy metals

Heavy metals within the Blesbokspruit wetland are of high concern. The bioaccumulation of heavy
metals cannot be overlookedAccording to the resultsthe sediments are highly polluted with
cobalt nickel, copper and zincThese metals are highly enrichexh average, with respect to the
regional background geology of the area. Nickel was described as having a high potential for
ecotoxicity,zinc and collt was described as having a moderate potential for ecotoxicitycager

was described as having a low potential for ecotoxieitthin the sediments The toxicity factors

were determined using threshold values and are based upon DRtegulations for wetland trace
metal remediation Roychoudhury and Starke 2006). From the literatumiekel in high doses are
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teratogenic and carcinogenic to mamm#@BWAF, 1996). Zinc is toxic to fish and aquatic organisms
at low concentrationsand the hghest concentration of zinc salts such as zinc sulphate occurs in
waters that are acidic and highly conductive (DWAF, 1996halt andcoppergenerally mobilise
under acidic conditions and the accumulate in soil and sediment (DWAF, T%@&6potential ér
ecotoxicity caused by these metatgicates that effective remediation of sediment heavy metals
may be required within the Blesbokspruit.

7.5 Deduction

The introduction of the Eastern Basin Treatment plaais extremely necessary as the abandoned
Grootvlei Mine was being floode&nd there was high potential that AMD would decant to the
surrounding environmen{Kruger, 2017; Solomons, 2017). Tihieoduction of the AMDtreatment

plant wasa step in the right directionHowever, the second phase of treatment is becoming more
and more essential. The second phlaseng-term solution of treatment is said to incorporate
desalinationprocessegDWS, 2017). It ia problem that the currenphase (phase one) AMD
treatment plant is notintended to discharggotable water downstream. Phase two is intended to
discharge potable water from the treatment plant downstream (DWS, 2017).cdhld be highly
beneficial an the hopes of securing water supply within Gauteng water suppiyd be greatly
enhanced. Through the AMD treatment process, the discharge that is prodsigedmoting high
levels of conductivitychloride, magnesium and sulphate downstream. The AMBtitnent plant is
beneficial in terms raising pH levelsrough downstream dischargesdigh levels of pH being
maintained within the region reduce the waters susceptibility to dissolve toxic heavy metals. The
positive influence that the AMD treatment planaf had on water quality downstream have been
indirectly achievedand were unexpectedDuring the process of treating underground AMD, the
clean overflow discharge that is produced enters into the river downstream. The increase in flow
caused by thedischarge causes heavy metals such as iron and mangamedehe nutrients of
ammonium, nitrate and phosphate to become diluted downstream of the AMD treatment plant. This
can beinvestigated and substantiated further if flow data of the Blesbokspruit aaailable.
However, due to the enormous amount of water that is being pumped fomalerground,some of
which iseventually discharged, one would expect that flow rates downstream of the AMD treatment
plant have increasesince it came into operation.

Theoverall influence of the AMD treatment plant is extremely high compared to the influence of the
Marievale andgreater Blesbokspruit wetlandin some cases, nutrient levels are shown to diminish

as a result of the wetlandr'he role of the wetland cannot beverlooked, it isa former Ramsar site

with international importance. The Marievale Bird Sanctuary has a high amenity value and promotes
tourism andconservation. The Marievale wetland is hortee numerousspecies of waterfowl, fish

and other important biadiversity. This wetland isexposed to processes occurring at the AMD
treatment plant upstream some of which have the potential to be highly damaging to the
environment. Water quality within the greater Blesbokspruit does not meet acceptable and ideal
management targets set out by the Blesbokspruit ForuMetland protection and preservation is
crucialto improve water qualitywithin this area
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7.6 Limitations of thestudy

There are some limitations of this study and these will be addressed. Througheuesearch
process, efforts were made to produce highly accurate data and results. Human error across
multiple facetsincluding field and laboratory workay have occurred/ith regards to the major ion
determination of ground truth water samples, thdachtest kit is not highly accurate and its
limitations have been mentioned. However, calibration curves have been made for each water
quality parameter and adjustments to thesults have been accounted for, especially with regards
to sulphate.With regards to the land use/ land cover map, the manual classification of land use
classes cannot be considered to be completely accurBite. maps themselves provide an idea of
the lard use within each sampl&te catchmentout they provided limited assistance in interpreting
spatial patternsHowever, certain relationships between land use classes and water and sediment
guality have been mentioneddVith regards to the water quality antlace metal sediment quality
guidelines, both of these guidelines have limitations that have been fully explained previMitsly.
regards to the historical rand water data, the period before the treatment plant spans a time frame
that isa lot shorter ttan the period after the treatment plant came into operation. One can argue
that the time frames for before and after the AMD treatment plant came into operation should be
the same in order to account for seasonal changes, and this is a limitation ofutlis Blowever,

the changes in seasonality were examined and discussearding tahe ground truth water quality
results.With regards to the composition of the salt crusts that have formed throughout Marievale
Bird Sanctuary shown in the text. The comion of these salt crusts is unknown. This is due to the
limited scope of this project, research into identifying the composition of these salts could be carried
out in the future.

7.7 Considerations for future research

In terms of considerations for future research, more projestsich havesimilar aspects such as
AMD treatment plants and wetlands can mwestigated, especially within the South African context.
Further scientific work surrounding the Eastern Basin AM&atinent plant is required to
demonstrate its benefits anihfluenceson society and the environmenProjects that are centred
around further understanding of the numerous biogeochemical processes occurring within this
complex system could bearried out in the future. This would include determining the composition
of the salt crusts at Marieval@he Marievale Bird Sanctualnas a large biodiversitgndis a tourist
attraction, its preservation and future can only be upheld through investigatonservationand
research. The water quality situation is of upmost importance, not only for our current population
but increasingly important for future generations. Work around the preservation and upkeep of
wetlands and rivers is extremely importanb matter the context. Lastly, AMD is an extremely
damaging process for both the humand natural environment. Efforts to mitigate and lessen the
effects of AMD through research are extremely valuable and important to society and the
environment as a whe, especially within South Africa.
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8. Conclusiorand concluding statements

The main aim of this research project was to determine the influence of a chemical treatment plant
and an existing wetland ecosystaean AMD pollutionand water qualityalong the Blesbokspruit. The
research process involved making land use maps, usingribetdRand Water quality data and
collecting water, sediment and soil sampleSeveral concluding statements have been made
regarding the results of the research.

1. The introduction of the Eastern Basin Treatment plant was extremely necessary astitoabd
Grootvlei Mine was being flooded, and there wakigh potential that AMD would decant to the
surrounding environment. Without the AMD treatment plant, toxic AMD water from the flooded
mine reefs would have surpassed the environmental critical level and decanted into the
Blesbokspruit. The consequences AMD decantwould have been devastating to both the
environment and the surrounding residential aredsaceelementssuch as cobalt, lead, nickel,
arsenic, zinc, uranium within AMD decant would have mobilised throughout the Blesbokspruit.

2. As a resultof the processes implemented by the AMiDeatment plant, the in-stream
concentrations of thametals of iron and manganese, and the nutrients of ammonium, nitrate and
phosphate are being reducedhis reduction wasnexpected and is suggested lve as a reslt of
dilution due toincreased flow caused by the AMi2atment plantdischarges downstream.

3. The negative influences on water quality caused by the AMBtment plant are due to the
increased levels of conductivity, sulphate, gnasiumand chloridedownstream of the plant. These
increases ar@resumablydue to high concentrations of theseater qualityparameterswithin the
discharge watereleased by thereatment plant

4. The introduction of the AMD treatment plant wasstep in the right direction. However, the
second phase of treatment is becoming more and more essential. The second phastgriong
solution of treatment is said to incorporate desalination proceskds problematicthat the current
phase (phase one) of AMD treatment plant is not intended to discharge potable water downstream.
The intention of phase one is tnaintain groundwater levels below the environmental critical level
for the Eastern BasirPhae two is intended to discharge potable water from the treatment plant
downstream. Thigould be highly beneficial and the hopes of securing water supply within Gauteng
could be greatly enhanced.

5. Phasetwo of treatment is intended to discharge potableater into the wetland. The second
phase of treatment is becoming more important over time. This is not only demonstrated by the
Rand Water and ground truth water quality results, but also by the soil quality results. The spatial
analysis of soisalinity (as indicated by conductivityguggests that the Blesbokspruit is a source of
increased so#alinity. Given the history of AMD pollution in the Blesbokspruit, soil salinity may have
beenelevated even before the AMD treatment plant came into operatimareased salinisation is
known to negatively impact aquatic plants and animalsalysis of salin the future may give an
indication into the future projections of soil quality within the wetland soils of Marievale Bird
Sanctuary.

6. The overall state ahe riverdownstream of the treatment plant and the wetlands in relation to
the Blesbokspruit Forum management targets can be describedletsriorating for certain
parameters Certain parameters such as conductivity and sulphate have reached unacceptable
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management target levels as a result of the dischasfj¢reated waterfrom the AMD treatment

plant. Dissolved oxygen is also at an unacceptable management target, but phad&blynot due

to the AMD treatment plant as mentioned in the discussion.ofding to ground truth results,
phosphate is also at an unacceptable target level within the Blesbokspruit. Other parameters such as
iron and pH are at ideal levels which is positive for the area.

7. River sediment heavy metal analysis gaveralcation of the potential levels of heavy metal
contamination Sediment heavy metal analysis results suggestttimasediments collected from the
eight sampling sites are highly polluted and have a low to moderate potential for ecotoxicity. The
results demonstrated that metal enrichment factors and environmental risk factors increased at
sites which were in close proximity to both mine dumps and historical mine decant points. This was
especially evident at site 2 which is downstreaimthe abandoned Grawlei mine dump and its
historical decant point.Sediment heavy metal results also suggested that increased metal
concentrations can be attributed to upstream land use areas such as industry within the
Blesbokspruit catchment. Future sediment analysis rhayof value to identify spatial trends in
heavy metal contamination throughout the Blesbokspruit. Such analyses detédmine whether
remediation of sediments is required within the Blesbokspruit.

8. There are numerous environmental concerns withia Biesbokspruit Wetland and the Marievale
Bird Sanctuary. Ese aredemonstrated by water, sediment and soil sample analysis and results
mentioned in the above concluding statements. Future research and studies focused on
environmental monitoring within these wetland areas may improve thmurrent situation. The
continued onservation and protection of the greater Blesbokspruit wetland and Marievale Bird
Sanctuaryis extremely important, not only to the environment and the biodiversity they support but
alsoto the surrounding communities.

9. The greater Bleshokspruit and Marievale wetlands are far less influential on water quality than the
Eastern Basin AMD treatment plant. The wetlands do show evidence of reducing nutrient levels
downstream. The AMD treatnrm¢ plant does not only influence water quality, it may also influence
the soils and sediments and hence the ecology of the Marievale Bird Sanctuary reserve. The
influences from the AMD treatment plant upstream of the Marievale Bird Sanctuary are notlgntire
positive as mentioned in the above concluding statements.
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9. Appendix

The appendix includes images aiaa data that was noshownwithin the main text.
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Site 7sub atchment
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Rand Water site 1 and site 2 raw data (colours correspond to management targets)

Rand Water Raw Data
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Rand water sites 3,4 and 5 raw data
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Rand water time series graphs

SUM value |Nitrate levels for Rand Water Sites 1-5 for the period 1 January 2015 to 31 March 2019.
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ﬁ II value |Ammcnia levels for Rand Water Sites 1-5 for the period 1 January 2015 to 31 March 2019.
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- | Chloride levels for Rand Water Sites 1-5 for the period 1 January 2015 to 31 March 2019.
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Rand Water correlation table

Variables Aluminium Ammonium Chloride | Condict DO Fluoride Iron Magnesium | Manganese Nitrate pH Phosphate Sodium Sulphate
Aluminium 1 0.444 -0.005 -0.141 -0.184 -0.161 0.555 -0.121 -0.093 0.086 -0.402 0.174 -0.032 -0.038
Ammonium 0.444 1 -0.265 -0.405 -0.065 -0.129 0.620 -0.377 0.037 0.250 -0.462 0.401 -0.211 -0.322
Chloride -0.005 -0.265 1 0.723 -0.082 0.171 -0.218 0.751 0.076 -0.116 0.154 -0.153 0.414 0.701
Condict. -0.141 -0.405 0.723 1 -0.082 0.174 -0.378 0.943 -0.094 -0.070 0.173 -0.364 0.516 0.788
DO -0.184 -0.065 -0.082 -0.082 1 -0.235 -0.152 -0.083 0.224 -0.229 0.251 0.055 -0.170 -0.361
Fluoride -0.161 -0.129 0.171 0.174 -0.235 1 -0.124 0.079 0.055 -0.061 0.276 0.153 -0.079 0.068
Iron 0.555 0.620 -0.218 -0.378 -0.152 -0.124 1 -0.350 0.093 0.048 -0.489 0.210 -0.206 -0.292
Magnesium -0.121 -0.377 0.751 0.943 -0.083 0.079 -0.350 1 -0.116 -0.089 0.103 -0.376 0.478 0.822
Manganese -0.093 0.037 0.076 -0.094 0.224 0.055 0.093 -0.116 1 -0.056 0.025 0.184 0.035 -0.170
Nitrate 0.086 0.250 -0.116 -0.070 -0.229 -0.061 0.048 -0.089 -0.056 1 -0.035 0.115 -0.027 -0.065
pH -0.402 -0.462 0.154 0.173 0.251 0.276 -0.489 0.103 0.025 -0.035 1 -0.113 0.068 0.046
Phosphate 0.174 0.401 -0.153 -0.364 0.055 0.153 0.210 -0.376 0.184 0.115 -0.113 1 -0.200 -0.383
Sodium -0.032 -0.211 0.414 0.516 -0.170 -0.079 -0.206 0.478 0.035 -0.027 0.068 -0.200 1 0.589
Sulphate -0.038 -0.322 0.701 0.788 -0.361 0.068 -0.292 0.822 -0.170 -0.065 0.046 -0.383 0.589 1
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Ground Truthwater quality rawdata

26.21474 S 28.47958 Phosphate PO43- (mg/L Nitrate NO3- (mg/L) Sulphate SO42- (mg/lJron Fe (mg/L) Chloride CL- (mg/L)Time samplec Temp CelciuzDO (mg/L) DO % pH  Conductivity ¢ siemens/ cm) Conductivity (mS/m)
79NC

Sample 1 at Wilgedagt Bridge

Jun-18

Jul-18
Aug-18
Sep-18
Oct-1€
Nov-1€
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19

Sample 2 at Old Mine Train Bridge

Jun-18
Jul-18
Aug-16
Sep-18
Oct-18
Nov-1&
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19

Sample 3 at N17 Toll Road

Jun-18

Jul-18
Aug-16
Sep-18
Oct-1&
Nov-18
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19

Sample 4 at Old Bridge in Marievale

Sample 5 at Duiker Hide

Sample 6 at Road Crossing

Jun-18

Jul-18
Aug-18
Sep-18
Oct-1&
Nov-18
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19

26.34495 S 28.51383 Phosphate PO43- (mg/LNitrate NO3- (mg/L) Sulphate SO42- (mg/lJron Fe (mg/L) Chloride CL- (mg/L)Time samplec Temp CelciuzDO (mg/L) DO % pH  Conductivity ¢ siemens/ cm) Conductivity (mS/m)

Jun-18

Jul-18
Aug-18
Sep-18
Oct-18
Nov-18
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19

26.25952 S 28.50861 Phosphate PO43- (mg/L Nitrate NO3- (mg/L) Sulphate SO42- (mg/lJron Fe (mg/L) Chloride CL- (mg/LjTime samplec Temp CelciuzDO (mg/L) DO % pH  Conductivity ¢ siemens/ cm) Conductivity (mS/m)

Jun-18

Jul-18
Aug-18
Sep-18
Oct-18
Nov-1€

Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19

Sample 7 at Hadeda Hide

Jun-18

Jul-18
Aug-16
Sep-18
Oct-18
Nov-1&
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19

Sample 8 at Bridge Downsteam Marievale26.39072 S 28.49726 Phosphate PO43- (mg/LNitrate NO3- (mg/L) Sulphate SO42- (mg/l)iron Fe (mg/L) Chloride CL- (mg/L)Time samplec Temp Celciu:DO (mg/L)DO % pH  Conductivity ¢ siemens/ cm) Conductivity (mS/m)
15:00:00
16:00:00

Jun-18
Jul-18
Aug-16
Sep-18
Oct-1&
Nov-18
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19

XX X X X

156

21
0.98
145
214
183
355
115
0.71
165
133
1.02

136
186
177
165
242
245
4.21
153
118
157
122
0.88

12
146
149
131
2.74
246
358
19%

14
176

12
0.87

0.96
0.75
1
11
16
164
2.66
265
192
2.09
387
133

0.91
0.78

1
116
183
175
192
267
2.02
2.35
331
122

1.04
0.88
11
112
159
168
192
253
192
195
457

12

0.99
126
173
193
2.15
4.02
376

119
0.94
0.98
127
144
139
1n
257
219
221
188
164

26.33121 S 28.51352 Phosphate PO43- (mg/LNitrate NO3- (1

X X X X X

0.9
0.7
12
10
19
18
15
04
0.6
10
17
15

21
13
12
05
19
12
14
06
0.7
0.9
18
21

13
10
0.7
05
20
0.9
0.6
0.9
0.9
10
10
21

mg/L) Sulphate SO42- (mg/l)iron Fe (mg/L) Chloride CL- (mg/L)Time samplec Temp CelciusDO (mg/L)DO % pH  Conductivity ¢ siemens/ cm) Conductivity (mS/m)
06

0.3
0.1
14
0.8
14
0.9
0.2
0.9
0.8
0.7
12

07
0.7
03
11
13
11
14
10
10
0.5
13
0.9

10
0.6
04
0.7
08
11
05
04
14
05
0.7
05

23
05
0.2
0.7
18
12
25

05
06
0.1
17
0.7
10
0.9
0.3
0.8
16
16
14

X X X X X

115
50
320
50
52
91
106
77
55
69
119
584

600
580
560
360
137

8L
115
314
135
276
266
431

550
620
640
600
153
110
118
326
229
395
358
826

0.02
011
0.05
012
0.19
0.83
011
0.26
0.04
0.06
0.18
0.15

0.02
0.08

0
0.03
0.15
0.99
0.38
011
0.03
0.08
013
0.13

0.01
0.01
0

0
03
0.56
0.1
017
0.07
0.04
0.1
0.1

69.3
531

55
838
69.7
67.3
485
42
322
374
435
345

707
69.6
487
76.9
463

68
514
59.9
424
514
483
36.1

68.6
80.6

67
69.6
44.6
718
499
58.1
496
50.2
68.5

36

10:49:00
12:00:00
09:00:00
10:41:00
09:25:00
09:30:00
10:00:00
10:00:00

00
11:08:00
10:10:00

11:30:00
10:05:00
10:05:.00
10:54.00
10:35:00
12:00:00
10:24:00
11:42:00
10:45:00

12:30:00
13:09:00
10:10:00
12:40:00
10:20:00
10:30:00
11:15:00
10:54:00
12:22.00
10:47:00
12:00:00
11:15:00

82
9
152
16.7
16.3
19.2
185
199
188
158
138

12
116
127
159
184
175

10
9.8
106
16.6
176
168
195
20
209
198
168
148

33
5.67
4.56
734
33
105

10

418
21
291

1041
1036
41
44
6.89
8.17
35

44
32
481

NC 72
20 6.81
144 641
17.1 6.65
9728
37 6.99
50 713
6.88

60 7.53
359785
28 756
7.87

36.2 6.9
62.5 7.04
52.3 6.95
90.7 7.15
415 73
130 7.22
90 7.43
7.09

57 744
27 737
364 7.7
782

109.7 7.28
110 7.28
436 7.05

61 7.07

87.6 7.33

100 7.26

40 755
7.16
56.5 7.41
43 742
61 7.75
7.95

4511
453
411
545
935
680
818
603
525
617

4382
380

26.25554 S 28.49833 Phosphate PO43- (mg/LNitrate NO3- (mg/L) Sulphate SO42- (mg/ljron Fe (mg/L) Chloride CL- (mg/L)Time samplec Temp CelciusDO (mg/L) DO % pH  Conductivity ¢ siemens/ cm) Conductivity (mS/m)
11:45.00

1529
994
907
87
825
718
838

1073
713
993
678
780

26.27152 S 28.50385 Phosphate PO43- (mg/LNitrate NO3- (mg/L) Sulphate SO42- (mg/ljron Fe (mg/L) Chloride CL- (mg/L)Time samplec Temp CelciusDO (mg/L) DO % pH  Conductivity ¢ siemens/ cm) Conductivity (mS/m)

927
949
973
991
830
766
883
1114
922
17
790
714

550 0.02 70.1 13:27:00 91 1151 1207.93 879
590 0.01 736 14:00:00 9.7 135 140 7.81 941
600 0.02 61.2 11:20:00 101 105€ 1122 7.38 927
680 0.02 79.6 14:00:00 20 6.97 925 6.97 1138
382 0.46 54.7 11:50:00 203 897 116 7.57 1314
294 11 783 11:55:00 224 753 100 7.62 1139
271 0.03 50.5 12:20:00 215 10 100 7.84 1165
255 011 527 11:56:00 214 7.47 1071
243 0.02 423 13:30:00 234 12 160 7.64 984
334 0.05 64.3 11:44:00 195 10.08 133 7.55 1033
393 0.05 64.5 13:26:00 184 9.86 127 7.85 870
1264 0.08 362 12:27:00 157 81 665

550
610
600
650
407
306
203
200
216
286
386
505

550
580
600

1023

350
540
550
630
549
559
513

350
590
590
650
642
579
473
168
286
21
345
396

XX X X X

0.01
0.01

0

0
0.12
0.05
0.03
0.18
0.02
0.09
0.16
0.19

0.01
0.01
0

0
0.14
0.05
0.06
0.1
0.04
0.05
0.07
0.04

0.03
0.02
0.02

0
0.05
0.02
0.11

0.01
0
0.01
0

0

0
0.1
0.08
0.07
0.05
0.05
0.04

XX X X =

9.7
8.8

56
748

66
8L7
411
67.6
43
49.9
432
189

746

488
472
472

48
526
374

65.8
744
57.8
824
64.9
102.3
86

66.3
84.6
60.7
80.7

90
884
55.4
59.8
54.3
54.1
55.1

3

14:08:00
15:00:00
11:55:00
15:21:00
12:15.00
13:10:00
13:15:.00
12:15:00
13:54:00
12:07:00
14:00:00
12:48:00

14:27:00
15:20:00
12:10:00
16:20:00
00
00
13:32:00
12:30:00
14:11:00
12:30:00
141100
13:03:00

14:32:00
15:45:00
12:28:00
16:38:00
13:00:00
14:00:00
13:52:00
12:46:00
14:22:00
12:54:00
14:23:00
13:20:00

13:20:00
14:15.00

13:30:00

104
9.3
10
192
20

172

116

98
115
216
216
216
239
239
255
20.7

20
193

89
137
14
22
228
282
286

251X

215

19
202
214

102
105
115
187
193

22

104 110 79
1105 114 7.69
825 87.9 7.48
6.46 836 7.75
8.86 1133 7.58
58 80 7.65
9 9 8
7.63

1052 146.7 7.73
10.4€ 140 7.69
1031 130 7.97
823

14.3€ 1594 8.02
138 140 79
140 12.97 7.63
7.08 99.6 8.39
87 1125 7.78
7.83 1156 8.02

5.2

17
9.63
10.5¢

1457
1285
8.45
5.59
7.02
6.47
1

8.88
284
6.17

113
1022
10.33

499

7.69

6.86

80 7.92
782
173 7.98
127 7.69
140 8.05
8.41

120 8.13
140 7.97
98.2 7.67
76.7 8.25
935 7.64
84 781
20 748
X 7.75
137 8.04
37 717
82 7.98
8.35

1216 7.86
109 78
112 763
94 775
105 7.67
944 7.61
100 7.78

7.2
119 7.77
108 7.44
101 8.04

838

908
932

931

26.36730 S 28.51256 Phosphate PO43- (mg/LNitrate NO3- (mg/L) Sulphate SO42- (mg/ljron Fe (mg/L) Chloride CL- (mg/L)Time samplec Temp CelciusDO (mg/L) DO % pH  Conductivity ¢ siemens/ cm) Conductivity (mS/m)

784

865
927
953
1102
1616
1547
1687
1045
1008
1012
947
848

4511
453
411
545
935

818
603
525
617
4382

152.9
994
90.7
787
825
718
838

107.3
713
93
67.8

927
949
97.3
9.1

766
883
1114
922
u7

714

87.9

931
954

a7
151.3
1428

109.3

865
92.7
95.3
1102
1616
1547
168.7
1045
100.8
101.2
94.7
848
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Ground truth time series graphs
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