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ABSTRACT

Waterisoneofthebasicneedsoftheminingindustry.Alltheoperationsofmining,directlyor

indirectlyrequirewaterfortheirfunctioning.Theminingindustryhasbeenutilizingwater

carelesslywithoutanticipating thenegativeimpactsitishaving on theecologyand the

biodiversity ofthe region (Singh 2008).Acid mine drainage has become a common

phenomenonassociatedwithmining.Deathsanddiseasescausedbycontaminatedwaterhas

rousedconcernseverywhere(Monjerezi,2012).Thecriticalsituationrequirescarryingout

wateranalysisofallthewaterbodiesinandaroundtheminestodeterminethesource,cause,

effectandremediesofthedifferentcontaminantsandpollutants.Thisisalsoapartofthe

corporatesocialresponsibilitythattheminingindustryhaspledgedto.Thestudyisaimedat

assessingtheimpactsofcoalminingonthequalityofstream wateratMchengacoalmine.

Stream waterresourcesinnorthernpartofMalawiespeciallyintheLivingstoniacoalfieldin

Rumphidistrictarenotpotablefordrinkingandotherusesduetohighcontaminationand

pollution.Specificobjectives,Geologyofthearea,Analysisofthephysiochemicalparameters

andComparingtheresultswithWHOandMBS,helpedtoachievethemainobjectiveofthe

study.Theparametersthatweredeterminedforthispurposearetemperature,pH,conductivity,

TDS,DO,turbidity,acidity,sulphates,phosphates,sodium,potassium,calcium,magnesium and

othertracemetals(Atkinsetal2010).Duetoheavydependenceofwaterasamainsourcein

coalprocessingbytheMchengacoalmineasresultedintogreatpollutionofstreams.Direct

dischargeofuntreatedwastesorcoaltailingsinthestreamshaveacerbatedthepollution

levelsofthesteams.Inthisstudy,themainhypothesiswas“Mchengacoalminingactivitiesin

Rumphidistrictmayhaveimpactednegativelyonstream waterqualitysuchthattheydonot

exceedpermissiblewaterqualitystandardssetbytheMalawiBureauofStandards(MBS)or

WHO”.Thestudyemployedfieldandlaboratoryexperimentstoinvestigatethishypothesesand

providescientificdataonthestream waterqualitythatisusedComprehensiveassessmentof

thequalityofstream wateratMchengaarea.

.
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1. INTRODUCTION

1.1. INTRODUCTION/BACKGROUND

Wateristheprincipalneedoflifeonearthandisanessentialcomponentforallformsoflife,

from micro-organismstoman.Stream waterandgroundwaterhavebeenanimportantsource

ofwaterforcooking,drinkingandirrigationbecauseitisconsideredgenerallysafe,readily

availableandclean(Monjerezi,2012).Reportsshowthatabout1.5millionpeopleintheworld

andabout60%ofpopulationinsouthernAfricausestream waterandgroundwaterastheir

mainsourceofdrinkingwater(UNEP,2002).

Theworld’swaterresourcesareunderpressureandmustbemanagedforhumansurvival.

Theneedforphysio-chemicalanalysisofwaterisveryvitalandallsourcesofwatermustbe

knownbeforeconsumption(BGS,2004).Therefore,estimationofwaterqualityisextremely

importantforproperassessmentofthe associated hazards.Various anthropogenic

activitieshavegreatlycontributedtowaterpollutionincludingminingactivities(Staines,

2002)

Miningofcoaldepositallovertheworldisbeingcarriedoutundercomplexhydrogeological

environmentscausingarangeofwaterproblemsaffectingtheproductionandutilization

cost(Dharmappaetal1998).Theextensiveminingactivitiesalsoadverselyaffectthe

environment.Duetolackofproperplanningandnegligenceofregulationsanappreciable

amountofenvironmentaldegradationandecologicaldamagetowaterair,andsoiloccurs

(Kundell,2008).The problems associated with mining activities worldwide,are land

degradation,disposalofoverburden,deforestation,washing rejects,subsidence,water

pollutionduetowashoff,dischargeofminewater,acidminedrainage,coalwashing

operation,airpollutionduetoreleaseofgasesanddust,noisepollution,minefiresetc.

Waterpollutionfrom coalincludesnegativehealthandenvironmentaleffectsfrom the

mining,processing,burning,and wastestorageofcoal,including acid minedrainage,

thermalpollutionfrom coalplants,acidrain,andcontaminationofgroundwater,streams,

rivers,andseasfrom heavymetals,mercury,andothertoxinsandpollutantsfoundincoal

ash,coalsludge,andcoalwaste(Singh2008).Watercontaminationisinevitable.Itisbound

tooccurduetothepresenceofvariousmineralsintherock.Thereforeoureffortsshould

concentrateoncheckingthepollutionlevelsofdifferentparametersandkeepingitwithin

theprescribedstandards.

Waterpollutionduetoman-madeactivitiesshouldbepreventedinthebestpossiblemanner.
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ThisiswherecoalmininghasthebiggestimpactallovertheworldincludinginMalawi,butstill

ouractionsremainunchecked(Singh2008).Coalminingactivitiesworldwidecandirectlyaffect

thequalityofthewaterorindirectlythroughprocesseswhichmayshowitsconsequencesata

laterstageinthelifeofthemine.Thegravityoftheimpactoftheseactivitiesdependona

numberoffactorslikethegeologyofthearea,themineralconstituentsofthecoal,the

compositionoftheoverburden,scaleofoperations,rainfalldistribution,etc.(MuthangyaM and

SamoeiD,2012).

1.1.1.COALMININGANDSTREAM WATERQUALITYINMALAWI

In Malawi,about37% ofpopulation dependson waterfrom boreholes,while26% of

populationdependsonwaterfrom shallowwellsandtheremainingpercentagedependson

stream runningwater(Staines,2002).Thismeansthereforethatstream wateristhemajor

sourceofdrinkingwateramongthelocalpeopleinMalawiaswellaswildanimals.However,

thesestreamsbearcontaminatedwatersthatarenotsafefordrinking.Thecontamination

isduetovariousanthropogenicactivitiesinmanufacturingandproductionindustrialsectors

inwhichstreamsaretheirwastedisposalarea.Miningactivitiesalsoplayamajorrolein

stream watercontaminationduetoheavywastedisposalinstreams.Someofthemost

pollutingminingproductsarefrom goldandcoalmines,butcoalisaspecialcasefor

Malawisinceitdirectlyusesstream andgroundwaterasaresourceforitsproduction

processesandlaterdischargesitbackintothestreams.

CoalmininginMalawiismostlydoneatKaziwiziwiandMchengacoalmineslocatedinthe

LivingstoniacoalfieldinRumphidistrictnorthernpartofMalawi.Mchengaisoneofthe

oldestcoalminingcompanieshereinMalawi.Ituseswateracquiredfrom nearbywater

sourcelikeanyothercoalminingcompanyintheworldasaresourceintheexploratory

drilling,coalwashingandextractionprocesses.Highdependenceonwaterbytheminefor

itsoperations,Mchengacoalminingissuspectedtobecausinggreatnegativeimpactson

thequalityofstream water.Minewaterdrainage/Acidminedrainage,loosematerialrunoffs,

Oilandfuelspills,Pollutantleachingfrom overburdendumpandSewagedischargesare

majorsourceofwaterpollutioncause,whicharenotexceptionalatMchengacoalmining.

Physio-chemicalpropertiesofwater,suchasElectricconductivity(EC),pH,Temperature,

Dissolvedoxygen(DO)andTotalDissolvedsolids(TDS)inorganicionssuchasNitrite,

Chlorides,fluoride,Manganese,Cadmium,arsenic,Ironandleadarehighlyaffectedbythe

causesmentionedabove.(Mkandawire,2008).Waterqualityhasbeenprovedtobehighly
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affectedinmostofcoalmines,worldwide,aswellasinMalawisoitiswithMchengacoal

mine,hencearesearchhasbeenconductedtomeasurethelevelsofpollutionandfinding

mitigationswaysonhowtocontrolpollutionlevelshavebeenproposed.

Forthispurpose,acompletesurveyofthewaterbodiessurroundingMchengacoalminingarea

wascarriedouttounderstandthenegativeimpactsofthecoalwastesonthequalityofsteam

water.Waterqualityanalysisprovidesanoverallpictureofthequalityofwateraroundthe

mines.Itfurtherhelpsidentifytheareasofconcern,theparameterswhicharemostharmful,

contaminantswhichpollutethemostandtheareaswhichcausethecontamination(Atkinset

al2010).In shortithelps in identifying the source,the causes and the effects which

consequentlyaidsinfindingthepreventivemeasures.

1.2. Problem statement

Stream watercontaminationchallengeshaveexacerbatedduetoanthropogenicactivitiesin

whichstreamshavebecomethewastedumpingsites(Staines,2002).Globallystream water

qualityhasbecomethemajorproblem posinggreatthreatonpeople’shealth.Manycountries

globallyhavereportedextremestream waterpollutionduetominingofcoal,gold,uranium and

othermetallicmineral.Specifically,countrieslikeAustralia,Madhya,Pradesh,Pakistanand

KenyahaveexacerbatedwaterpollutioncasesduetoCoalmininginvariousdistrictswithin

them (Muthangya&Samoei,2012).Severalcoalminingcompanieshavenoproperwaste

depositingsitesratherstreamsareusedwherebothtoxicandnonetoxicwastesaredeposited.

InMalawiimproperdepositionofcoalwasteinwaterbodiesatMtchengacoalminingareain

Rumphihasbeenthemajorcauseofstream watercontaminationwhosecontaminationlevel

remainedunknown.Therefore,thequestionstillremains:Doesthestream waterqualityinthe

streamsaroundMtchengacoalminingareainRumphidistrictmeettheappropriatestream

waterstandards?

Thustherewasaneedtoconductastudythatdeterminesthestream waterqualitystatusto

provide importantdata thatcould be used in the developmentofstream waterquality

monitoringprogramsinvariousriversinMalawi,usingMtchengacoalminingareaasamodel.

1.3. MainObjectiveofthestudy

Thisstudyismainlyaimedatassessingtheeffectsofcoalminingactivitiesonthestream

waterqualityatMtchengacoalminingareainRumphidistrict
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1.4. Specificobjectivesinclude

1.Understandingthegeologyandstructureofthearea.

2.Analyzing water samples for various physio-chemical parameters.

3.Staticallycomparingphysio-chemicalparameterswithMalawibeauralofstandardsand

Worldhealthorganizationstandards

1.5. Researchquestion

Doesthestream waterqualityinthestreamsaroundMtchengacoalminingareainRumphi

districtmeettheappropriatestream waterstandards?

1.6. Studyhypotheses

Mchengacoalminingactivitiesmayhaveimpactednegativelyonstream waterquality.

1.7. Significanceofstudy

The qualityofwaterdetermines the qualityoflives (Mkandawire 2008).The significant

populationofMalawiisatahealthriskduetoconsumptionofpollutedwaterconcentratedwith

hazardouschemicalelements.Someauthorshavereportedhighlevelsoffluorideinstream

watersduetominingactivitiesindistrictsofMangochi,MzimbaandRumphirespectively

(Sajiduetal,2007;Msondaetal,2007).InRumphithismustbetheinfluenceofvariouscoal

miningactivitiestakingplaceinLivingstoniacoalfield.Thereforeitisimportanttodetermine

the quality ofstream wateras one ofthe prerequisites forappropriate planning of

developmentsthatensuresthehealthandsafetyofconsumersinruralareas.Mostimportantly,

thestudycontributesimportantscientificdatathatsupportstheattainmentoftheUnited

NationsSustainableDevelopmentGoals(SDGs)(2015-2030)forincreasedaccesstocleanand

safedrinkingwater(UN,2016).

1.8. Thesisstructure

Thisthesisisstructuredasfollows;ChapterOneisthegeneralwhichendsbyunlockingthekey

questionofthestudyfollowedbyobjectives(bothmainandspecific)andstudysignificance.

ChapterTwoistheliteraturereview ofthestudywhichhighlightswhatothershavedone

alreadyandidentifiestheareasthathaven’tbeendoneorcovered.Chapterthreediscussesthe

firstobjectivei.e.determiningthestream waterqualityofthetwostreams,northRukuluand

DenboinChigulirovillagewhereMchengacoalmineislocated.Chapterfourdescribesresults

ofthecollecteddatafrom thetwostreamsunderstudyandlastlychapterfive,presentthe

discussionoftheresultsandcomparestheobtainedresultswithWHOstandardsbutalsoit
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consistsoftheconclusion.
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2. LITERATUREREVIEW

2.1. Chapterintroduction

Thischapteristhecriticalreview oftheliteraturerelatedtothestudyathand.Accordingto

Dock(2005),miningisoneofmankind’soldestindustries.Miningactivitiesgenerateeffluent

containinganumberofchemicalpollutants,whichadverselyalterthequalityofbothsurface

andgroundwaterresourcesthatoftencausesignificantpollution(Koryak,1997).WhileEllis

(1989)suggeststhattheeffectofdegradedwaterqualityisnotonlyfeltinthelocalareaofthe

mine,butoftenfeltdownstream oftheminefarawayfrom thesourceofpollution,Harrison

(1990)argues that,as pollutantis introduced into a watersource such as a river,the

concentrationofthespecificpollutantisinitiallyhigh,owingtotheabilityofarivertodispersea

pollutantasaresultoftheriver’sflow.However,theconcentrationofthepollutantbecomes

lessandlessasthepollutantmovesfurtherawayfrom itspointofintroduction.

Degradedwaterqualityhasaneffectontheaquaticlifeintheriverorlake(Loeb&Specie,

1994).Itmayalsoimpactontheagriculturalsectorsofthearea,ifthedegradedwaterisused

forirrigationorlivestockconsumption.Thiscouldbedisastrousforfarmerswhorelyonthe

degradedriverasamainsourceofwater,thereducedwaterqualitycouldpotentiallyhavea

detrimentaleffectoncropyieldandimpactonlivestockhealth(Harrison,1990).

2.2. CoalMininginMalawi

Malawihasbeenknownforsometimetocontaincoaldepositsandthishasbeenthe

country'sstrategictargetcommodity.Malawihasfourmaincoal-bearingareas,of

whichtwoarelocatedintheShireValley,Southernregion,andtwointheNorthern

regionneartoLakeMalawi.ThemostimportantcoalfieldsoftheNorthernregion,are

themostpromisingcoalfieldsinMalawiwhicharetheLivingstoniaandNganaonthe

Tanzaniaborder(Mshali.2000).Stratigraphically,northernMalawi,isdominatedbythe

KarrooSystem strata,preservedinanumberofN—Strendingbasinsanddown-faulted

troughs and they display both unconformable and faulted relationships to the

underlyingBasementComplexgneisses.Coalistheonlymineralofeconomyisinterest

knowntooccurintheKarrooSystem (Permo-Triassic).Malawihasover22milliontons

ofprovencoalreservesinanumberofcoalfieldsacrossthecountry(Nyirenda.2009).

ThelargestcoalfieldistheLivingstoniacoalfieldwithprobablereservesofover2-5
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milliontonesandprovenreservesof4milliontonsofcoalwithashcontentof17%,

sulphurof0.5%andcalorificvalueof6,800kcal/kg.Livingstoniacoalfieldisa90km2

stretchinRumphidistrictintheNorthernRegionofMalawi.CPL-Mchenga,Kaziwiziwi

andEland/Nkhachilacoalminesarethethreemajorcoalminingcompaniesproducing

coalinMalawi.CPL-MchengaandKaziwiziwicoalminesarewithintheLivingstonia

coalfieldwhereasEland/NkhachilaisacoalminingcompanyatMwabulambo in

Karonga.Allthesecoalcompaniesproducecoalforindustrialuseincement,tobacco,

sugar,tea,brewery,textile,andfoodprocessingandethanolcompanies.Othercoal

miningcompaniesofwhichsomeareoperationalbutonsmallscaleandsomeare

abandoned orsuspended include Mean Jalawe,Phoka,Chiweta,David duwiat

LivingstoniaandChombe/Thekerocoalmines,allinRumphidistrict.

2.3. MchengaCoalMiningCompany

Mchengacoalmineslimited(MCM)iscurrentlythesecondlargestminingcompanyinMalawi

afterthetemporarysuspendeduranium miningcompanyinKaronga.MCMLstartedits

operationsin1987againundertheproprietorshipofMIDCOR.Themineislocatedinthesouth

eastcornerofthe90km2LivingstoniacoalfieldinRumphidistrictintheNorthernregionof

Malawi(Mshali.2000).Specifically,themineislocatedinChigulirovillageinTraditional

AuthorityNjikulacoveringanapproximateareaof17.5km2.For12years,until1999,themining

companywasstillagovernmentownedcompanyofwhichMIDCORcontrolledthecompanyfor

8yearsfrom 1987to1995beforetransferringitscontroltoMalawiDevelopmentCorporation

(MDC)andMalawiInvestmentDevelopmentBank(INDE-BANK)whocontrolledthecompany

for4yearsfrom 1995beforeitwasprivatizedin1999toCoalProductsLimited(CPL)company

whoseinvestorsareowningthecompanytodate.

2.4. GeologyofMchengaminingareainChigulirovillage

Mchengacoalmineislocatedatthelatitudeof10.7151or104254.3southandlongitudeof

1542or34915east.Stratigraphically,theareaisdominatedbytheKarrooSystem strata,

preservedinanumberofN—Strendingbasinsanddown-faultedtroughsandtheydisplayboth

unconformableandfaultedrelationshipstotheunderlyingBasementComplexgneisses(Singh

2008).CoalistheonlymineralofeconomicinterestknowntooccurintheKarrooSystem

(Permo-Triassic).Thicknessesofthecoalseamsvaryfrom 0.10m to3.0m withsomenotable

lateralandhorizontalvariations.Thickandworkableseamsoccupythelowerportionofthe

CoalMeasuresandareexposedalongtheNorthRumphiRiverbank.Coalqualitybelongsto
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sub-bituminous‘A’to‘C’onASTM classification(1991),beingcharacterizedbylow moisture

content(0.8to1.3withpercent)andsulphurcontent(0.49to0.85withpercent),highash

content(9.0to17withpercent)andvolatilematter(24to32.9withpercent),fixedcarbon(53.6

to62.6withpercent),calorificvalue(7,015to7,670kcal/kg);c)Mineralmattersconstitute

approximately 9.55 to 38.34 with percent of the coalsamples,predominantly clays

(interstratified illite/smectite and kaolinite)with varying proportions ofquartz,mica and

feldspars,aswellasminorcalciteandpyriteandtheirgeochemistry,beingcharacterizedby

enrichmentofSiO2from 5.37to20.56withpercent,Al2O3(2.63to11.21withpercent)and

K2O(0.32to3.65withpercent)withtraceconcentrationsofCaO(0.04to0.41wt.percent),

MgO(0.08to0.65withpercent)andP2O5(0.018to0.037withpercent)andNa2O,Mn,Snwith

concentrationnotablybelow0.01with/percent(Muthangya&Samoei,2012).Calciteandpyrite

constituteminorconcentrationinbothsandstonesandshales.

2.5. Groundwater/stream waterqualityinMalawi

Thereisnouniversallyaccepteddefinitionof“Waterquality”.Manyauthorsusetheterm to

describethecompositionofmajorions,metalsandbiota.Chavula&Mulwafu(2007)states

thatWaterqualityreferstothedescriptionofnon-aqueouscomponentsofavolumeofwater

comprisingofsuspendedsediments,biotaanddissolvedspecies(Salts).Among others,the

dissolvedspeciesincludesTotaldissolvedsolids,Carbonates,Chlorides,Sulphates,Nitrates,

Iron,Cadmium,Chromium,Arsenic and Lead.Groundwateris ofvariable qualities and

quantities,unevenlydistributedintimeandspace.

2.6. Impactsofcoalminingonthequalityofstream water

Miningofcoaldepositallovertheworldisbeingcarriedoutundercomplexhydrogeological

environmentscausingarangeofwaterproblemsaffectingtheproductionandutilizationcost

(Saka.2006.).Singh(2008)statesthatextensiveminingactivitiesalsoadverselyaffectthe

environmentduetolackofproperplanningandnegligenceofregulationsanappreciable

amountofenvironmentaldegradationandecologicaldamagetowater,airandsoiloccurs.

Globally mining activities have resulted into land degradation,disposalofoverburden,

deforestation,washingrejects,subsidence,waterpollution,acidminedrainage,airpollution,

noisepollution,minefiresandetc.Waterpollutionfrom coalmineshavenegativehealthissues

andenvironmentalimpacts.Furthermore,coalmininghasresultedintoacidminedrainage,

thermalpollutionbycoalplants,acidrain,andcontaminationofgroundwater,streams,rivers,

andseasbyheavymetals,mercury,andothertoxinsandpollutantsfoundincoalash,coal

sludge,andcoalwaste(Singh2008).Watercontaminationisinevitable.
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2.7. Physio-Chemicalparametersofwaterthatareaffectedbycoalmining

pH value.ThepH valueisanimportantparametertodecideifwaterisacidicoralkalinein

natureandplayasignificantroleinitsappropriatenessfordomestic,industrialandagricultural

uses.Theminimum andmaximum allowablelimitforpHindrinkingwaterasgivenbyCPCB

andWHOis6.5,8.5respectively.AsaresultofcoalminingtherearegreatvariationsinpH

rangeduetothechemicalcompositionofthecoal(Atkinsetal2010).Hencetherewasaneed

toconductaresearchinordertomonitortheimpactstheMchengacoalmininghasonpHof

stream waters.

TotalDissolvedSolids(TDS).Thepresencesoftotaldissolvedsolids(TDS)inwaterresources

alsoplayasignificantroletodecideitssuitabilityofwaterfordifferentuses(WHO).Inmostof

thecoalmines,thelevelsof(TDS)isveryhighduetotheuseofwaterintheprocessof

extractionofcoalbothfrom surfaceandundergroundmines(Atkinsetal2010).Operations

suchascoalcuttinginundergroundmines,dustsuppression,coalpreparation,coalwashing,

domesticuseinmines,hencetherewasaneedtoconductresearchasassessthelevelsof

(TDS)onstream wateraroundMchenga.

ElectricalConductivity(EC).Electricalconductivity(EC)dependsonthetemperatureand

indirectlymeasurethesalinity.Duetohighdissolutionofcoalseamsinwaterresourcesor

bodies,thereishighprobabilitythatthesalinityofthewaterwillbeaffectedtherebyaffecting

theelectricalconductivityofwater(Xu&Gao2009).Watersofhighelectricalconductivityhave

greatnegativeimpactonthecropshenceaffectingagriculture.Therefore,weneededto

researchonthistoseetheimpactsthatMchengacoalminingiscausingontheelectrical

conductivityofstream water

Hardness. The acceptable limit of Hardness is (500-1500) mg/L as per (WHO)

recommendations.Butduetocoalseamsanditsdissolution,thehardnessofwateriseasily

affected(Atkinsetal2010).Ifhardnessofwaterisaffectedbydissolutionofcoalseams,then

soitiswiththestreamsthatMchengacoalminingusesitswatersforprocessandfor

discharge.Henceconductionofaresearchtomeasuretheimpacttheminingbringsonthe

hardnessofwater.

Magnesium (Mg2+).The permissible limitofmagnesium is (30-150)mg/L (WHO).The

occurrenceofmagnesium inwaterisduetothepresenceofAugite,Biotite,OlivineandTalc

minerals(Singh2008).Thereisagreatprobabilityofhighmagnesium inthestream water

surroundingtheMchengacoalmine,sinceolivine,biotitearethemostcommonmineralsinthe

mineralogicalcompositionofKaroosystem.

Manganese:Manganesecompoundsareabundantlyfoundinsoils.Thepermissiblelimitof

manganeseis(0.05)mg/L.Manganeseisoneofthe3essentialtoxictraceelementsi.e.
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Overexposureto manganesemainlyaffectstherespiratorytractand brain functions.

Manganesepoisoningleadstohallucinations,forgetfulness,andnervedamage.Italso

causesParkinson,lungembolism andbronchitis.

Sulfate(SO42-).KhandelwalandSingh(2005)statesthatthepresenceofahigherrangeof

sulfateinminewatermaybeduetoduetopresenceofMiocenesedimentshavinggypsum and

limestone.UnderstandingthegeologyoftheKaroosystem whereMchengacoalminingis

located,thereexistsandstonewhichgivesusguidethattheremustbesomelimestonepresent

whichmayresultintohigjhsulfatelevelsinwateronceincontactwiththesurfacewater.

Therefore,aneedtoconductaresearchtotestthesulfatelevels.

Turbidity.Turbidityinthestudyareawasvariedbetween(0-6.3NTU).Theacceptablelimitof

turbidityis5-25NTU(WHO).Allvaluesnearlyintherangeofprescribedlimits.Duetohigh

levelsofdissolvedandundissolvedsolidsinwater,theturbidityofwaterisaffectedgreatly.In

coalmines,mostofthecoalwasteareasareopenandthewastearedischargedintothe

streamshenceincreasingthesolidsinwateraffectingitsturbidity.

Gapsinotherstudies.

StudiesconductedbyChavula& Mulwafuin2007focusedmuchonsalinitylevelsinthe

streamsaroundMchengacoalmininginrelationtothegeologyoftheareaofwhichother

parameterssuchaspH,TDS,EC,Na,K,andSnwerenotcheckedgiveroom formoreand

furtherresearch.Furthermore,studiesdonebyMkandawirein2008focusedonthelevelsof

waterpollutionbylookingatthephysicalparametersofwateronlywithoutthecheckof

chemical parameters hence giving room to conduct further research to determine

contaminationlevelsbycheckingbothphysicalandchemicalparametersofwaterinrelationto

thegeologyofthearea.Lackofwaterqualitydata(reports)byMchengaminingcompanygive

moreroom toconductfurtherstudiesinordertodeterminehow coalminingactivitiesaffect

thequalityofstream wateraroundthestreamsofnorthRukuluandDenboRiver.

Conclusion

Chaptertwowasacriticalreviewoftheliteraturerelatedtothestudyathand.Ithascovered

thestudyareainwhichMchengaislocated,themostphysiochemicalparametersofwaterthat

areeasilyaffectedbycoalminingactivities(pH,TDS,Mn,Mg,Sn,P,K,EC,&Na).Furthermore,

ithascovered,thebackgroundofstream waterqualityandhighlightedtheimpactsofcoal

miningactivitiesonstream waterquality.Thechapterisofgreatimportanceinsuchawaythat

ithasidentifiedareasorgapsshowninthelastsectionofthechapterthatneedsfurther

researchinordertodeterminetheexacteffectofcoalminingactivitiesonthequalityofstream

water.
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3. METHODOLOGY

3.0Introduction

Thischapterdescribestheresearchdesign,theareaofstudy,methodsandmaterialsthatwere

usedinduringsamplecollectionandsampleanalysisinordertoachievetheobjectivesofthe

study

3.1. Researchdesign

Thissectionillustratesseveralmainthemesofthisresearchandhighlightimportant

methodologicalconsiderationsthatshapeshow thisresearchwasconducted.These

methodologicalconsiderationsandchoicesarediscussedindetailinthischapter.

Quantitative research method,was adopted and applied in this research.The

quantitativeresearchmethodwasusedtoascertainwhetherstreamssurrounding

Mchengacoalminearepolluted.Thequantitativemethodusedallowedandhelpedin

mathematicalassessmentofthepollutionstateofthestreams.Thedata-gathering

tools,orresearch instrumentused was PhysicochemicalAnalysis.The aim of

physiochemicalanalysiswastoevaluatetheheavymetalconcentrationandwater

quality.

LocationofeverysamplingpointwasacquiredusingahandheldGarminGPSdeviceas

showninfigures3and4andwererecordedinafieldbook.Finally,watersampleswere

collectedfrom thesamplingpointasshowninfigures3and4andtakenforlaboratory

analysisatWaterdepartmentlabinBlantyreforfurtheranalysisinordertoachievethe

objectiveofthestudy.

In addition,deskworkwasalso applied.Thiswasa majormethod ofobtaining

informationthroughliteraturereview onwhatothershavedonealready,onhow to

conductgroundwaterqualityassessment.Theinformationrelatedtothestudytopic

wastaken from pastreports,books,journalsaswellasthe internet.Geological

informationofthestudyareawasalsosourcedfrom thebulletsthatwereaccessedat

GeologicalSurveyDepartments.Thegeologicalcharacteristicsoftheareaseem to

havecontributedtothechemicalcompositionofthewaterderivedfrom thestreams

aroundtheMchengacoalmining
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3.2. GeologyoftheStudyarea(MchengacoalminefieldinChigulirovillage)

Themineislocatedinthesoutheastcornerofthe90km2Livingstoniacoalfieldin

RumphidistrictintheNorthernregionofMalawi(Mshali.2000).Specifically,themineis

locatedinChigulirovillageinTraditionalAuthorityNjikulacoveringanapproximatearea

of17.5km square.Stratigraphically,theareaiscomposedoftheKarrooSystem strata

whicharepreservedinanumberofN—Strendingbasinsanddown-faultedtroughsand

theydisplaybothunconformableandfaultedrelationshipstotheunderlyingBasement

Complexgneisses.Coalistheonlymineralofeconomicinterestknowntooccurinthe

KarrooSystem (Permo-Triassic).TheareahasbeenchosenforitbearsMchengacoal

minewithinitselfandisborderedbytwomajorstreams.Themineuseswaterasits

mainsourceforcoalproductionwhichislaterdischargedintotheborderingstreamsof

NorthRukuluandDenbo,withoutanyproperwatertreatmentwhichisthenusedbythe

peopleinthecommunitiesalongthesestreamsasitflowsdownintothelake.Butalso

duetolackofenoughdataonwaterqualityassessmentdonebyotherresearcherson

theimpactsofcoalminingonstream waterquality,grantedagoaheadpermissionto

carryoutthisresearchstudyinordertodeterminetheimpactsofcoalminingactivities

onthequalityofstream waterinthetwostreamsmentionedabove.Alsotocheckwhat

healthissuescanthecoalwastehaveonpeople’slivesasaresultofdrinkingwater

from thesepollutedstreams.

Belowisthemapshowingthestudyarea
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Figure1:MapofMalawishowingthestudyareaofNjikulawithMchengacoal.

3.3. Stream locationandWaterSampleCollection

Theresearchmainlytargetedstreamsthatareoftenusedbytheminingcompanyfor

itsprocessesandalsousedbythevillagersfordrinkingandirrigationpurpose.Water

sampleswerecollectedfrom 2streamswhichMchengausesforitscoalproduction

andwastemanagementwithfoursamplingpointseach.Thescientificjustificationof

foursamplingpointsforeachstream isforaveragecalculationofeachparameterfor

dataaccuracy.Stream allocationwasdonethroughdeskworkbasingonthedirect

dischargeofthemineTailingsintothesestreams.

Eightsampling sites were selected forthe two streams,each stream with four

samplingsiteswiththeirlocationofthesamplingpointsmarkedbytheGPS co-

ordinatesforeasyaccessbothduringandaftertherainyseasonwhilstensuringthat

validandqualitydataiscollected.Ofthefourselectedsamplingsitesperstream,one

site(S1)waslocatedontheupstream ofeachstream wheredrainsofcoalwasteare
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dischargedintothestream (confluencepointofstream andtailingdrain).Twosites(S2

andS3)werelocatedatthemainriverdownstream ofNorthRukuluandDenbo.S4was

chosenforthesolepurposeofassessingthequalityoftheseepagewaterfrom the

tailingsofMchengacoalminedam intotheriversmentionedabove.Below arethe

photosintwocolumnsshowingthetwostreamsfrom whichwatersampleswere

obtained.PhotosforSouthRukulustream attheleftcolumnandDenbostream atthe

rightcolumn.Eachstream withfoursamplingpoints,from firstpointtothefourthpoint

respectively.

Figures2,3,4,5,6,7,8,9belowshowthesamplingpoints,fourfrom eachstream,Rukulu

(rightcolumn)andDenbo(leftcolumn)

Locationforsample1atsouthRukulu locationpointforsample1atDenbo

Locationforsample2atsouthRukulu locationpointforsample2atDenbo
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Locationpointforsample3atsouthRukulu locationpointforsample3atDenbo

Locationpointforsample4atsouthRukulu locationpointforsample4atDenbo

3.4. Preservationofsamples

Sampling was carried out to obtain representative samples which mirror the

environmentinwhichtheyarepresent.Thewaterbody(streams)from wherethe

sampleswerecollectedwasnotisolatedratheritwaswithintheconfinesofthemining

areaandlinkedtotheoperationsdirectlyorindirectly.Thesamplescollectedwere

handledcarefullysuchthatnosignificantchangeswereencounteredbetweenthetime

ofcollectionandparametermeasurement.Thesampleswerestoredinalaboratory

withproperpreservingfacilitiesassoonaspossible.Toobtainaccurateresultsand

representativedata,collectionofthewatersamplewaspre-plannedanddoneina

systematicmannerratherthanjustrandomly.Thuspriorconsultationwasconsidered

beforecarryingoutanysamplingtoguaranteeselectingspecimenswhichdepictedthe

scenarioofthearea

3.5. TypesofSamples

a.Grab samples:is the type ofsample taken spontaneously to representthe overall
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surroundingenvironmentalfeaturesincludingthecompositionofthewateronlyatthattime

andplace.Discretegrabsamplesaretakenataselectedlocation,depth,andtime.Depth-

integratedgrabsamplesarecollectedoverapredeterminedpartoftheentiredepthofawater

column,ataselectedlocationandtimeinagivenbodyofwater.

b.Compositesamples:Theyarenumberofsinglesamplestakenfrom thesameareatogive

resultsonanaverage.Thisisdonewhenthevariationswithinthesameislargeandasingle

samplecannotgiveanoverallpictureofthelocation.Compositesamplescanbeobtainedby

combining portions ofmultiple grab samples orby using specially designed automatic

samplingdevices.

3.6. Samplingmethods

a.Manualsampling:Manualsamplingmethodinvolvesminimalequipmentinwhichwater

samplesaredirectlycollectedfrom thestream atmarkedstations.Thisisthemethodthat

wasappliedtocarryoutthisresearch,sinceitischeaperforashortperiodoftimeandshort

distancesandarea.

b.Automaticsampling:Automaticsamplingmethodisgoodforitcaneliminatehumanerrors

inmanualsampling,canreducelabourcosts,mayprovidethemeansformorefrequent

samplingandcanbeusedincreasingly.Anautomaticwatercollectordevicewasinstalled

within30minutesofwatercollectioninareaofbadsurfaceconditions.Thismethodwas

appliedinthisstudyforitsadvantagesoverthemanualsamplingmethodsinordertocollect

errorgeneratedbymanualsamplingmethod.

Table-1:Detailsofwatersamplescollected

Sampleno. Placefrom wheresamplewascollectedfrom thetwo

streams

Sample1RU Upstream ofSouthRukulustream

Sample2RU Downstream ofSouthRukulustream

Sample3RU Downstream ofSouthRukulustream

Sample4RU Seepageatthetailingsofthemine

Sample5NYU Upstream ofDenbostream

Sample6NYU Downstream ofDenbostream

Sample7NYU Downstream ofDenbostream

Sample8NYU Seepageatthetailingsofthemine

Instrumentsusedandtheirproceduresonhowtousethem

Toachievetheobjectivesofthestudy,thecollectedwatersampleswereanalyzedin
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thelaboratoryusingthreemaininstruments,Multiwaterqualitychecker,FlameAtomic

AbsorptionSpectrophotometry,FlamePhotometry

MultiWaterQualityChecker

Themultiwaterqualitycheckerisasimpledevicethatallowsmaximum of11

simultaneousmeasurementsforvariousparameters.Ithasintegratedcontrolunit

andsensors.Thedevicedesignallowsforeasyon-sitemeasurementwithavariety

offunctionstomeasurethewaterqualityofriverwater,wastewaterandground

water.

Calibration

1)Thesensorguardwasremovedandthesensorprobewaswashedwithdistilledwater

severaltimes.

2)Thetransparentcalibrationcupwasremoved.

3)ThecalibrationcupwasfilledwithapH4standardsolutionuptothemark.

4)SelecttheAutoCalibrationoptionunderCALanddipthesensorintothestandard

solutioninthetransparentcalibrationcup.

5)TheblackcalibrationcupwasplacedoverthetransparentcupandtheENTERkeywas

pressedtobegincalibrationafterallthevalueshavebeenstabilized.

Procedure

1)Thesensorswerecheckedandwashedwithdistilledwater.

2)Theoption"SINGLEMEASUREMENT"wasselected.

3)Thesensorwasthendippedintothesamplesuchthatnoairbubblesremainaroundthe

sensors.

4)Oncethereadingshavestabilized,theMEASkeyispressedtoacquirethe5-second

average.

ThemeasurementissavedbypressingtheENTERkey

FlameAtomicAbsorptionSpectrophotometry

Atomicabsorptionspectrophotometryisaninstrumentthatisusedforquantitativeanalysis

ofdifferentelementsinwateraswellassolids.Itworksontheprinciplethateachmetalhas

acharacteristicwavelengthinwhichabsorbancetakesplace.Thesampleisatomizedby

aspiratingintoaflame.Abeam oflightisallowedtopassthroughtheflameandreceivedby
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amonochromatorwhichsinglesoutthespecificwavelengthandthenfallsontoadetector

whichrecordstheamountoflightabsorbedbytheatomizedform ofthesample.

Apparatus

i. Atomicabsorptionspectrometer

ii. Burner

iii. Lamps

iv. Pressurereducingvalves

v. Vent

Procedure

1.Theapparatuswassetandadjustedaccordingtomanufacturer’sguidelines.

2.Flamewasgeneratedusingacetyleneandstabilized.

3.Theapparatuswascalibratedbyaspiratingtheblanksolutioncontainingthesame

amountofacidasinthestandardsandsamples.

4.Atleastthreestandardswereaspiratedanditsabsorbancemeasured.

The samples were then aspirated in the flame,its absorbance measured and the

concentrationwascalculatedanddisplayedonthescreen.

FramePhotometry

Flamephotometryorflameemissionspectroscopyisanatomicspectroscopylikethe

atomicabsorptionspectroscopythatrequiresnolightbeam tomeasuretheconcentration.

Itdirectlymeasurestheemittedwavelengthwhentheatomsaretransitioningfrom excited

togroundstate.Fortheconversionoftheatomsfrom groundstatetoexcitedstateaflame

isusedunlikeintheabsorptiontechniquewherealampisrequired.

Intheatomicemissionspectroscopy,ajetofcompressedgaswasusedtoconvertthe

samplessolutionstoaerosolform whichwasatomizedbyaflame,carriedto,bytheflowof

thegas.Intheprocessofatomizationthemetalconstituentsofthesampleswereconverted

togaseousatoms,whichwerethenionized.Theelectronsabsorbtheheatfrom theflame

andgotexcitedtoahigherstate.Onreturningtothegroundstate,eachmetalemittedlight

ofspecificwavelengthwhichwasdetectedandusedtofindtheconcentrationsofthe

metals.
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Procedure

1.Thestandardsolutionsweresampleswerepreparesaccordingly.

2.Theapparatuswassetaccordingtothemanufacturer’sguidelines.

Initiallydistilledwaterwasusedforblanking.

3.Thestandardswerethenanalyzedandtheirabsorbancereadingsnoted.

4.Thesampleswerethenaspiratedtogettheirabsorbancereadings.

5.Agraphwasplottedbetweentheconcentrationofthestandardsandtheirabsorbance

readings.

6.Usingtheabsorbancereadingofthesamplesandtheplotobtainedthepreviousstep,

theconcentrationsoftheelementinthesampleswerebeobtained.

Dataanalysis.Thecollectedwatersampleswereanalysedinthelabbytheuseofthethree

machinesasmentionedintheaboveprocedures.Furthermore,Microsoftexcelsoftwarewas

usedtotabulatethedataandcomparethedatawithWHOstandardsbytheuseofgraphs.The

AveragevaluesoftheparameterswerealsocalculatedbytheuseofMicrosoftexcel,which

werecomparedtoWHOstandardsforbetterconclusion.

Limitationsofthestudy. Humanerrorsinresultsrecordingandtechnicalknowhow ofthe

machines(instruments)used.Secondly,mechanicalerror,whichislackofaccuracyinthe

instrumentsused.Lastly,lackoffundsandresourcesforfurtheranalysisofotherwater

parametersinthelab.

Conclusion.Thechapterfocusontheresearchdesignandnumber,typesofsamplescollected

aswellasthemethodsusedtocollectthesamples.Eightsampleswerecollectedfrom thetwo
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streams,fourfrom eachstream ataconstantinterval.Twotypesofsampleswerecollected,

thegrabandcompositesampleswhichwerecollectedbymanualandautomaticmethodsof

sampling.Furthermore,thechaptercovertheinstrumentsusedforconcentrationdetermination

andmethodsthroughwhichdatawasanalyzed.Lastlythelimitationoft

4. RESULTS,DESCRIPTIONANDDISCUSSION

4.1. RESULTSANDDISCRIPTION

Introduction
Thischapterfocusesonthephysiochemicalresultsofthecollectedwatersamples

whichwereobtainedaftertheanalysisofthesamplesinthelab.Differentparameters

areaffecteddifferentlybasingonthelevelofcontamination,hencedifferentresults.

Theresultsaresummarizedinthetablesandinthegraphs.Eachanalyzedparameter

hasitsowngraphthatdisplaysthelevelofitscontamination.

Table2:ResultsofPhysicalparametersofthesamples

Sample TDS(mg/L) Turbidity

(NTU)

Conductivit
y

(ms/cm)

pH Hardness

(ppm)

Sample1 680 25.5 2.1 5.04 523

Sample2 730 29 1.7 4.5 512

Sample3 720 28 1.9 4.8 503

Sample4 690 28.4 2 3.8 507

Sample5 800 27.8 1.6 5.01 519

Sample6 620 30 1.84 4.4 520

Sample7 650 26.4 1.94 4.6 518

Sample8 750 29.4 1.6 3.9 501

Table 3: Results for sodium, selenium, manganese and
potassium usingflamephotometry

SAMPLENO. SODIUM SELENIUM MANGANESE POTASSIUM



ASSESSINGIMPACTSOFCOALMINING.CASESTUDYOFMCHENGACOALMINEINRUMPHIDISTRICT

22

SAMPLE1 55 0.04 1.99 30

SAMPLE2 58.4 0.035 2 35

SAMPLE3 60.4 0.016 1.7 34.3

SAMPLE4 67 0.015 1.2 40

SAMPLE5 60.4 0.079 1.6 39.4

SAMPLE6 70 0.015 1.1 31

SAMPLE7 69.4 0.07 1.8 34

SAMPLE8 58.3 0.087 1.5 25

Figure10PlotofpHforstreamsinMchengaminingarea.Alsoshownontheplotisa

bar representing World Health Organization (WHO) maximum permissible

concentration
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Figure11PlotofTurbidityforstreamsinMchengaminingarea.Alsoshownontheplot

is a barrepresenting World Health Organization (WHO)maximum permissible

concentration

Figure12PlotofElectricalconductivityforstreamsinMchengaminingarea.Also

shownontheplotisabarrepresentingWorldHealthOrganization(WHO)maximum

permissibleconcentration

Figure13PlotofSodium forstreamsinMchengaminingarea.Alsoshownontheplot

is a barrepresenting World Health Organization (WHO)maximum permissible
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concentration.

Figure14PlotofPotassium forstreamsinMchengaminingarea.Alsoshownonthe

plotisabarrepresentingWorldHealthOrganization(WHO)maximum permissible

concentration.

Figure15PlotofManganeseforstreamsinMchengaminingarea.Alsoshownonthe

plotisabarrepresentingWorldHealthOrganization(WHO)maximum permissible

concentration.

Figure16PlotofTDSforstreamsinMchengaminingarea.Alsoshownontheplotisa

bar representing World Health Organization (WHO) maximum permissible

concentration.
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Figure17PlotofHardnessforstreamsinMchengaminingarea.Alsoshownonthe

plotisabarrepresentingWorldHealthOrganization(WHO)maximum permissible

concentration.

Figure18PlotofSelenium forstreamsinMchengaminingarea.Alsoshownontheplot

is a barrepresenting World Health Organization (WHO)maximum permissible

concentration.

4.2. DISCUSSION

4.0Introduction

Theminingindustryhasbeenexpandingatarapidratekeepinginmindthedemandofthe

presentday.Forthisbigger,strongerandfastermachinesandequipmenthavebeeninvented

tokeeppace.Theminingindustryhasbeenexpandingatarapidratekeepinginmindthe

demandofthepresentday.Forthisbigger,strongerandfastermachinesandequipmenthave

beeninventedtokeeppacewiththedemand.Technologicaldevelopmentshavebeentaking

placeandwithit,concernsaboutthefutureoftheplanet.Thishasflaggedgreatersafetyand

environmentalprotectionmeasurestocheckthepollutioncausedbytheminingindustry.The
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measurestakenwithrespecttowaterpollutioniscommendablebutwestillhavealongwayto

gobeforewecanpulltheplanetoutofthecriticalsituationitispresentlyin.

Theanalysiswascarriedoutusingcertifiedinstrumentsnamelymultiwaterqualityanalyzer,

flamephotometryandatomicabsorptionspectrophotometry.MalawianstandardsandWHO

standardswereusedtocomparetheconcentrationsofvariousparametersandaccordingly

assessthedangereachelementposetotheenvironmentandonpeopleslife.

From theobservationtableswefoundthatthewatersamplesfrom boththestreamsare

4.3. pH

ThepHofwaterisameasureofitsreactivecharacteristics.LowvaluesofpH(pH5.5)indicate

anacidicwater.ThepHaffectsthetreatmentanduseofwater(Heath,2004).Thefollowingare

thepHvaluesthatwererecordedfrom thewatersamplesofthetwostreams,northRukuluwith

5.04,4.5,4.8,3.8pointonetopointfourrespectively.Denbowith5.01,4.4,4.6,3.9pointoneto

pointfourrespectively.Nelson(2002)definedapHlessthan7asacidicandapHgreaterthan

7asalkaline.Assuchbothstreams(northRukuluandDenbo)aroundMchengacoalminein

Chiguliroareaareacidic.ThepHvaluesdonotexceedtheminimum acceptablelimitof6.5

recommendedbyWHO.However,allthestream pH concentrationisbelow theminimum

acceptablelimitof6.5.ItwasthereforeconcludedthatthepHvaluesofthegroundwaterinthe

studyareawerenotwithintheacceptablelimitsandthattheydidcausecolourandtaste

perceptionproblems.

4.4. Turbidity

Turbidityisameasureofthedegreetowhichthewaterlosesitstransparencyduetothe

presenceofsuspendedparticulates.Themoretotalsuspendedsolidsinthewater,themurkier

itseemsandthehighertheturbidity.Turbidityvaluesrangefrom 25.5to30mg/l.Alltheeight

samplesfrom thetwostreamsreportedturbidityvaluesabovethelimitof25mg/l.sampling

pointnumber2ofDenbostream reportedthehighestturbidityof30mg/landthesuspended

solidswerevisible.Thiscanbeaconsequenceofthecorrosionofthemetalsinthesoilwith

theacidityofthewater.

4.5. ElectricConductivity

Thestudyrecordedmaximum ECvalueof2.1mg/l.TheECvaluesofallthesampledwater

from thetwostreamsexceededtheacceptableEClimitofdrinkingwater(WHO,2008).The

causesoftheincreaseintheECvaluesofMchengacoalmineinChiguliroareaisattributedto

thegeologicalfactorsoftheareawhichconsistsofhighmanganese,selenium aswellas

sodium andpotassium metalelementsthatoccurwiththecoalwhichgivesoutfreeelectrons
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astheyreactwithacidicwater.,theareaiscomposedoftheKarrooSystem stratawhich

displaybothunconformableandfaultedrelationshipstotheunderlyingBasementComplex

gneisseswhichalsocontainpyriteand syenites.Dissolutionofsyenitesreleaseslargeamount

ofCalcium andSodium intogroundwaterhenceincreasingtheTDSandEC

4.6. TDS

Saka,2006reportedthatECisstronglycorrelatedwithmajorionsinthegroundwater.TheTDS

fortheofthestream samplesrangesfrom 700mg/Lto1500mg/L.AsperTDSclassificationin

Table1.1stream waterisBrackish(TDS:700-1500mg/L).BasedontheTDSconcentration

allowedfordrinkingwaterallthestreamsexceedstheprescribedlimitof600mg/L(2.2).High

TDS concentrationsdecreasepalatabilityofwaterand causegastrointestinalirritation to

consumers.Totaldissolvedsolidsarehasaresultofcoaltailingsanddissolutionofthemetals

bytheacidandotherchemicalweatheringprocesses.

4.7. Hardness.

Hardnessisameasureofthecalcium andmagnesium contentinawatersamplewhichis

responsiblefortheprecipitationofsoap.Thehardnessofasampleismeasuredintermsof

equivalentCaCO3inmg/L.TheacceptablelimitofHardnessis(500-1500)mg/Lasper(WHO)

recommendations.Butduetocoalseamsanditsdissolution,thehardnessofwateriseasily

affected(Atkinsetal2010).Allthewatersampleshavehighvaluesofhardnessthatareabove

theminimum acceptabledrinkinglimitssetbyWHO,howeverthevaluesarenotabovethe

maximum acceptabledrinkinglimitshencehavingnoeffectonthequalityofthestream water

intermsofhardnesssincetheyarestillwithinthepermissiblelimit.

4.8. Sulphates.

KhandelwalandSingh(2005)statesthatthepresenceofahigherrangeofsulfateinmine

watermaybeduetoduetopresenceofMiocenesedimentshavinggypsum andlimestone.

UnderstandingthegeologyoftheKaroosystem whereMchengacoalminingislocated,there

existrockswhichgivesusguidethattheremustbesomesulphatespresentwithinthem which

mayresultintohighsulfatelevelsinwateronceincontactwiththesurfacewater.

4.9. Selenium.

Selenium isanon-metallicelementandamongtherarestoftheelements,evenrarethansilver.

Duetohighselenium levelsinthesoil,thewatersarecontaminatedathighrateasthetailings
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getdischargedinthestreams.Coalminingasresultedintoexposureofselenium inthesoilto

theuppersurfaceonwhichitiswasheddownbydischargedproductionwaterintothestreams

whereitcausescontamination.Sobothminingandgeologyoftheareahaveanimpactonthe

qualityofstream waterinthestreamsaroundMchengacoalminearea.Thepermissiblelimitof

selenium is(0.01),butlookingatthelevelsofselenium isbeyondthepermissiblelimitofWHO.

Thereforetheyisaneedoffindingmitigationfactorstocontrolfurtherspreadofselenium.

4.10.Manganese

Thelevelsofmanganeseconcentrationisincreasingatarapidratearetheareaduetomining

activityandgeologyofthearea.Highlevelsofmanganese(2mg/l)haveresultedintohigh

electricalconductivityofwatersincetherearemorecationsinwater.Manganeseconcentration

cannotbescientificallyquantifiedandhencesuggestedtobetheinfluenceofgeologyofthe

area.Thereisaneedtocontroltheincreaseinconcentrationofmanganeseinthestream by

usingpropermethodsofminingthatcontrolthewashingdownofmanganesefrom thesoil.

4.11.Sodium

Sodium isanimportantdietarymineralthatendsupinnaturallyinwaterfrom rocksand

soils.Sodium ispresentmainlyinitscompoundform.Initselementalform,itcomesclass

2hazardi.e.itisextremelyharmful.Sodium compoundsarenaturallypresentinwaterbut

theirconcentrationscanvarydependingonthegeologyandthelevelofcontaminationasso

itiswithMchengaarea.Thelevelsofsodium havegreatlyincreasedabovethepermissible

limit(55 to 70 mg/l).Increased intakeofsodium mayresultinhighblood pressure,

arteriosclerosis,oedema,hyperosmolarity,confusion,increased risk ofinfection,etc.

thereforetoprotectthepeoplelivingalongthesestream,thelevelsofsodium shouldbe

monitoredandcontrolled.

4.12.Potassium

Potassium likesodium isanimportantdietarymineraloccurringinwaterfrom theminerals

duringtheweatheringprocess.Itisveryreactiveinitselementalform andmakingitvery

harmful.Basingontheresultsobtained,thereisanalarmingrateinincreaseofpotassium

levels(25.5to40mg/l)whichalsoresultsintoincreaseinelectricalconductivityofwater.The

geologyoftheareahasagreatinfluenceinpotassium generationduetoitspotashcontent.

Increasedlevelsofpotassium inthebodycouldleadtohypertension,adrenalinsufficiency,

coronaryarterydiseaseinhumanbeingdrinkingwaterwithhighlevelsofpotassium.Therefore,

tominimizeandcontrolthelevelsofpotassium propermethodsofminingshouldbefollowed.
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4.13.Conclusions.

Someofthestream watersampleshavetheirphysiochemicalparameterssuchasSelenium,

totaldissolvedsolid,electricalconductivity,turbidity,Hardness,Manganese,potassium and

sodium exceedingtheacceptablelimitsofWHO recommendedguidelines.Butsomeofthe

parametersarewithintheirpermissiblelimits.Basingonthefindingsitshowsthat,stream

waterpollutionisreallyasaresultofcoalminingactivitiesthroughwhichmetalsinthesoilare

exposedtothesurfaceascoalisbeingmined(geologyalteration)andwasheddownby

surfacewaterresultingintohighconcentrationinstreamswater.Therefore,thehypothesisof

thestudyisacceptedtobetruethatcoalminingisreallyimpactingthequalityofstream water.
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5. CONCLUSIONANDRECOMENDATION

5.1. Conclusion

Introduction

Theoverallaim ofthisstudywastoassessingtheeffectsofcoalminingactivitieson

thestream waterqualityatMtchengacoalminingareainRumphidistrict.Aseriesof

fielddatacollectionandlaboratoryexperimentswereconductedtoachievethestudy

objectives.Thefollowingaresummaryconclusionswithreferencetotheaim and

specificobjectivesofthisstudy.

5.1.1.SummaryConclusions

Inchapteroneofthisthesis,backgroundinformationofcoalminingworldwide,Malawi

andfinallyinRumphidistrictwasprovidedinrelationtoitsimpactonthequalityof

stream water.Inchaptertwoaliteraturereviewonstream waterqualityinMalawiand

Rumphiwasconducted.Thereview identifiedkeyknowledgegapsinthecontextof

stream waterqualityinruralareas.Thisledtotheassessmentofwaterqualitystatus

oftwostreams(northRukuluandDenbostreams)usedinthearea.Thefollowingare

generalconclusionsbasedonthespecificobjectivesofthisstudy.

5.1.2.Specificobjective:Understandthegeologyandstructureofthearea.

TheobjectivewasformulatedbasedonthehypothesisthatMchengacoalmining

activitiesmayhaveimpactednegativelyonstream waterquality.Twostreamswith

eightsamples(fourfrom eachstream)wereusedasmodelstoassessthevariationof

Physio-chemicalparameters that affects with time since the physio-chemical

parametersaffectsthestream waterquality.Findingsrevealedthataconcentrationof

Na,K,Sen,MnandothercompoundsthatexceededtheacceptablelimitsofWHO

drinkingstandardsoriginatedfrom therockswithinthearea.Thefindingsfurther

revealedthatcontaminationofwaterisanissueinthestudyareaanditscausewas

attributedtogeologicalprocessesbecausetherewerenoanyartificialsourcesof

contaminationthatwereobserved.
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5.1.3.Specificobjective:Analyzewatersamplesforvariousphysio-chemical
parameterstoquantifythelevelofcontamination.

ToquantifylevelofcontaminationofthestreamsaroundMchengacoalminingarea,

Electricconductivityofstream water,Totaldissolvedsolidsandhardinessofstream

waterwereusedtoquantifythelevelofcontaminationhazards.Findingsfrom this

studyrevealedthatboththestreamsrecordedhighlevelsofelectricalconductivity,

totaldissolvedsolidsandhardinessfrom alltheeightsamplescollected.Thewaterin

bothstreamsispoorfordrinking.

5.1.4.Specificobjective:Staticallycomparephysio-chemicalparameterswithMalawi
beauralofstandardsandworldhealthorganizationstandards.

ThefindingsrevealedthattherewerenosignificancedifferencesofK,Na,EC,pH,

Sulphates,Turbidity,Sen,Mn and Totaldissolved solidslevelswithin thestream

samplingpoints.Butthereisagreatsignificantdifferenceoftheabovementioned

parameterstowhostandardsconcludingthatthewatersarehighlypolluted.

5.2. Recommendations

Accordingtothefindingsofthisstudy,thefollowingrecommendationsaremade:

• Thestudyrecommendsthatwatermonitoringprogramsshouldbeputinplace

tomonitorfrequentlythequalityofwaterthatisbeingusedinMchengaarea

• Methodofpurifyinghigh-levelcontaminatedwatershouldbedevelopedassoon

asPossibleandthemeasurestoavoidthecontaminatedwaterimpactsshould

beimplemented

• Itisalsorecommendedthatdetailedstream waterqualityinvestigationsshould

becarriedoutbeforeminingoperationscommencesoastocontrolpollution

levelsofthestream throughproperminingmethods.Furtherstudiesshouldbe

carriedoutontheseasonalvariationsofchemicalcompoundsandthehealth

impactsassociatedwithconsumptionofstream waterwithhighconcentration

ofnaturalinorganiccompoundsespeciallyatMchenga.
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