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TheKipushisamplesconfirmed

thepresenceof sulfurandpyrite

with the followingresults: the

sulfurcontentsare 3.18% and

3.33% respectivelyand the

presenceof pyrite amongthe

major phases see the table

below

Graph1: Concentrationofmetalsinthesoil(ppm) (Kalalaetal. 2016)

1. Introduction
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Figure 2: different phases of AMD formation(Verburg, 2009) 

The different phases of acid mine drainage

formationdescribedby equations1 to 8 normally

developin a three-phase sequence. Figure 2

illustratesthesedifferentphasesof AMDformation,

for thecaseof acidgenerationby theoxidationof

pyrite

ü The case of Democratic Republic of Congo, AMD is generated on two ways  

Table 1: General Characteristic of acid mine drainage in metallic mine(Jennings et al., 2008)

The methodof Sobekgiveshigh valuesboth Potentialacidsas

Potentialneutralization. ForPotentialAcid,thesevaluesarehigh. With

regardtotheNeutralizationPotential,thevalueishighsinceduringthe

titrationtheacidconsumptionis notonlydueto thecarbonates,but

alsotocertainoxides,hydroxidesandsilicates.

Table4 : MajormineralsassociatedwithAMDwiththosethatoccurin

DemocraticRepublicof Congo(Grayetal. 2008)

Whenminingwhateverits form, the rock mass is highly fragmented,

significantlyincreasingthesurfaceandthereforetheacidproductionrate

4. Environmental issues related to AMD

Fig.3. Schematicdiagramshowingvariousaspectsof the generation

anddispersalof acid minedrainagein andaroundtailingsdumpsin

Kilomoto(goldminingin Eastof Congo)Mees,F., etal. 2013)

Theoverallimpactof AMDis verymuchdependenton localconditionsand

varieswidely,dependingonthegeomorphology,theclimateandtheextentand

distributionoftheAMD-generatingdeposits.

The impactof mine drainageon aquaticecosystemsvaries gradually

accordingto localphysicochemicalconditions(gaschemistry,flow,dilution,

localclimaticconditions,sizeandcapacityofthereceivingstreambuffer)

ü Water pollution

ÅSignificant contamination of terrestrial and 

ÅAquatic environments adjacent to mine sites in most of the stanniferous, 

copperbelt and gold bearing deposits

Exampleof some case: Table5: Meantrace metal concentrationsin

waters(µg/L-1) of theNaviunduriverbasin,LuanoandRuashiriversand

Luwowoshispringin Lubumbashicity duringFebruary,MarchandApril

2016(Kś²bek, B etal. 2011)

Photo 5: example of river showing the discharge of effluents from South Mining 

Company Katanga (CMSK) Kipushi, Katanga(Pourret, O., et al.2016)

Observationsmade on wastewater,for example in

Katanga,haveshownthe persistenceof odors, color

andair bubbleswhichareindicativeof thepresenceof

thesereagents. Variousauthorswhohaveinvestigated

the toxicity of thesereagentshaveshownthat almost

all arecontaminatedwithheavymetalsandtraces.

2. General remarks of AMD including cause of AMD

The composition of minerals in sulfide decisive influence on the production of 

acid effluents, however sulfide oxidation also requires oxygen and water

Fig. 1Mapofwater: HeavyandTracesMetals

Contaminationof Water in NaviunduRiver

Basin, Luano and Ruashi Rivers and

Luwowoshi Spring in LubumbashiCity,

DemocraticRepublicofCongo(Akciletal.2006)

ThelowwaterpHincreasesmetalbioavailabilitytoaquaticorganismslivingintherivers,

channelandspringandto humanbeingswhodependon thosewatersto meettheir

domesticandrecreationalneeds.
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üSoil pollution including plant uptake of the metals

Soils showedvaryingdegreesof contaminationby

tracemetals,althoughthemeasuredlevelsofCu,Co,

PbandFeinthesoilswerebelowthedetectionlimitin

manysamplingpointsrepresentedongraph5.

Photo 6: Basin tailings TwangizaMining

(BANRO)locatedin theSouthKivuMountains,

Luhwindja

The potentialreleaseof acid minedrainageis highgiventhe presenceof

sulphidesinthemineralizationshowinginphoto6

üHumanhealthproblem

Sulfidemineralsincludingpyrite are main causeson acid mine

drainage(AMD)duetooxidationofsulfide. In thegenerationofAMD,the

oxidationof sulfide producessulfuric acid, which enhancesthe

desorptionof toxicmetals. ThatôswhyAMDcontainshighconcentration

ofmetalsandsulfatewithstrongacidity. Fourpeoplediedin the Musebeminingquarryin northernKatangaprovinceon the nightof

MondaytoTuesday,June25. Theyhavesuccumbedtoa diseasethathasbeenrifein thismine

foraboutaweekandismanifestedbycoughingandviolentheadaches.

The accumulationof metalsin the feedand foodchainis also a possible

consequenceofcontaminationofwaterways.

Urinarysamplescollectedfrom351subjectsaged2-74yearswereanalysedfor

17metalsincludingAs,Cd,Cu,Co,PbandU. Theresultsindicatedsignificantly

(p<0.0001) elevatedurinaryconcentrationsof metalsSe,Co,As,PbandU in

studyparticipantsthatlivedwithin3 kmof themineandsmelters,comparedto

thosethatlivedfurtheraway. Andsomeurinaryconcentrations(i.e. Al,Zn,Mn,

Mo,andTe)werestatisticallysignificantlymoreelevatedinsiteslocated3-10km

awayfromthemineandsmeltersthanat sitesclosestto thesourcesandthe

controlcommunity.

üEcosystemincludingplants

lowpHofFerralsolthatincreasestraceelementmobility,intensityoferosionbyrainfallin

therainyseason,andaerialdispersalofmetalparticlesbywindinthedryseason.

ferric hydroxide precipitation of a sand discharge

Metalconcentrationintheleaves(ppm)

Graph2: Concentrationofmetallictraceelementsin

plantleaves(ppm) (Kalalaetal. 2016)

Fig. Concentrationsof metals(medianvalues,mgkgī1, dw)in

cassava tissues from the same sampling site in the

uncontaminatedpartof thekatangianCopperbelt. Medianvalues

in soil are givenfor comparison. Numberof samplestaken:

cassava=5, soil=5(Banzaetal. 2014)

TheCongoleseMiningCodedefinesthegenerativeminingwasteofacidminedrainage

asnotonlyconsistingofminingwasterockbutofanysolidorliquidtailingresultingfrom

themineralormetallurgicaltreatment(cf.Art. oftheMiningCode,2002).

1. A discharge with low risk in mg / l 

Table6: metalsconcentrationbelowwhichthetailingsarelowrisk(MiningCode,2002)

2.  The release is leachable 

Table7 concentrationsbeyondwhichthe tailings(can generateAMD)are at high risk

concentrationinmg/ l (MiningCode,2002)

3. Tailingwith Highrisk: whenproducinganacidleachate,theconcentrationsarehigher

thanthevaluesdeterminedin Table6.

Drainageof acidicrunoff that percolatesformerwastewaterpondspolluteswater

resourcesandsoils. Todaythe situationis deterioratingwithincreasingriverpollution,

groundwaterandarableland. Theparksaresometimesdischargesupstreamvillages,dry

weatherprevailingwindscarrydustuntilpopulatedoragriculturalareas,withallthehealth

andenvironmentalrisksthatmayensue. Inaddition,thesesitesarefrequentlyinvadedby

artisanalminersinordertorecoverthemineralsthatremaininthereleases,whichcreated

conflictswiththereleasesparksownersminingcompanies.

InthecaseofDRCongo,werecommendthefollowingtreatmentsystem

a)Reductionof thevolumeofwatertobetreatedbytheinstallationofa soilcoatingon

wasterockpilesandtailingspondsgeneratingacidminedrainage;

b) Transportof the contaminatedeffluentto a chemicaltreatmentsystemusingan

anoxiclimestoneorbiochardraintoreduceacidity.

c)Passageofpartiallydeacidifiedeffluentintoasulfo-reducingpassivebio-filter;

d)Flowofwatertoasettlingbasinorevenanaerobicoranaerobicscrubber.

e)Spillintotheenvironment.

5. Environmental policy of DRC

6. Conclusion 

7. Recommendation or research needs

Figure1. Simplifiedmineralsmapto showtherelationshipbetweenthemajor

mineralizationunitsinDemocraticRepublicofCongo(OCDE,2015)

Miningindustryis a majoreconomicsourcein DRCongo(DRC),andthe

portionincreasesgradually. Especially,theinvestmentandexperttoforeign

countriesis gettingimportant. However,thereare lessavailabledataon

environmentalimpactsofthemineindustriesinDRC. Theaimsofthisstudy

is to provideoverallsummaryon environmentalissuesrelatedwithmine

activitiesinDRC.
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Fieldandpetrographicobservationsindicatethat

hypogenecopper-cobalt mineralizationtook

placein twomainphases; an initialdiagenetic

eventformedstrata-bound,disseminatedto fine

laminatedcopper sulfides, and a second

overprintingsulfide event generatedcrosscutting

epigeneticveinsrelatedtotheLufilianorogeny.

A, B: sterile of discovery of a gallery

C: background sterile, poor ore vein

D: Deposit

E: Mineral poor stored

F: sterile dyke- laundry tailings 

G: teril- laundry residue

H: slag/wire smelting 

Å FirstlyinAbandonedminedumps: wasterockdumpscontainingmaterialsdischargedfrom

pyriteminesandmetallurgicalwastes.

Å Secondlyin Tailingsto the surface: tailingscontainlargeamountsof pyrite (FeS2)

andIron(II)sulfide(FeS),whicharerejectedfromthesought-afteroresofcopperandzinc

3. Characteristics of AMD in DR Congo 

Hgimpactonskinin Eastof DRC

Table2. Characteristicsof AMDEffluentsfrom: Mineof Bisie(TargetMineral: Tin andNb-Ta)and

Mineof Lumbabshi/ KatangaCopper,CobaltandUranium)(Promine-DRCetal,2014)


