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Background

• Coalcombustionprovidesthe largestsourceof energyto South

Africa. Manyhouseholdsburncoalforheatingandcookingpurposes.

• DuetoSouthAfrica’s relianceoncoalasaprimaryenergysource,an

increasein Hg emissionsseemsinevitableunlessbettercontrol

measuresareappliedormorerenewableenergysourcesareused.

• SouthAfrica’s emissionswasestimatedto contributeabout16% of

globalHgemissions(1590.7 tonnes),followingChina(Pacynaet al.,

2003; 2006).

• SouthAfricareleased256.7 tonnesofHgtotheatmosphereduring2000, with

mostHg emissionsoriginatingfromindustryproduction(gold),andstationary

combustion(coalcombustion).
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Background

• Thepublishedassessmentsignalledtheneedforacriticalevaluationof

themajoranthropogenicsourcesofHginSouthAfrica.

• Informationon actualHg emissionmeasurementsof Hg in products

andresourcesarepoorlyunderstoodinSouthAfrica.

ÅA South African Mercury Assessment (SAMA) Programme was

established: A co-ordinated attempt towards assessing Hg levels in a

systematic approach in the country by Government, academia, research

councils and key industries recently initiated a (Leaner et al., 2006).

ÅPreliminary results of a Hg inventory and that of some Hg monitoring

undertaken at Cape PointôsGlobal Atmospheric Water Station (Baker et

al., 2002) in South Africa provided some information towards refining

the published Hg emission estimates.
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Current Situation: Sources
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Vaal Triangle Air-shed Priority Area
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Highveld Priority Area
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Coal Consumption in South Africa (DME, 2004)
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Coal: Mine, Control Devices/Factors, Consumption 

Power Plant Coal mine Emission

Control Device

Emission

Reduction

Factor

(UNEP, 2005)

Coal

Consumption

(Mtonnes/yr)

Arnot Arnot FF (Eskom, 2006) 0.5 6.0

Duvha Middleburg FGD(Eskom, 2001) 0.5 8.4

Hendrina Optimum FF(Bateman, 1998) 0.5 6.5

Kendal Khutala ESP + FGD (Eskom, 2001) 0.5 15.1

Kriel Kriel ESP + FGD (Eskom, 2001) 0.5 11.1

Lethabo New Vaal ESP + FGD (Eskom, 2002) 0.5 17.3

Majuba Various FF (Bateman, 1998) 0.5 10.0

Matimba Grootgeluk CS-ESP 0.1 17.4

Matla Matla ESP + FGD (Eskom, 2001) 0.5 15.5

Tutuka New Denmark CS-ESP 0.1 4.9
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Total Product Consumed / Produced by Major Industries 

during 2004

Source Category
Product Consumed 

/ Produced
(Mtonnes / year)

Total Product Consumed 
/ Produced

(Mtonnes / year)

Coal-fired Power Plants 112.20

Coal Gasification 41.02

Consumer Products 27.33

Solid Waste (Landfills) 20.00

Crude Oil Refining 18.10

Ferrous Metals: Iron and Steel: 13.62

- Coke Production / Alloy Steel 7.62

- Pig Iron 6.00

Residential Heating 5.00

Cement Production 1.95

Non-Ferrous Metals: Primary Metals: 0.63

- Gold 0.0003

- Zinc 0.24

- Copper 0.35

- Lead 0.04

Incineration 0.03

Total 239.88
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Coal Combustion: Power Plants

Estimated9.75tonnesof Hgwasemittedfromcoal-firedpowerplantsduring2004.

Hgemissionestimatebasedon:

• controldevices: electrostaticprecipitators,fabric filters to flue-gas desulphurization

methods(Bateman,1998; Eskom,2001and2006);

• correspondingemissiondistributionfactors(0.5– 0.9; UNEP,2005);

• averageHg levelof 0.15ppmfor Highveldcoalsin MpumalangaProvince(Wagnerand

Hlatswayo,2005); and

• amountofcoalconsumedbyEskom(112Mtonnes).

Note: HighveldCoalfieldisthesecondlargestcoalfieldforcoalproductioninRSA.

Hgemissionsaresubstantiallyhigherthanall othersectors,particularlyothercoalcombustion

processes(e.g. residentialheating,ironandsteelprocessing).

WithSouthAfrica’s increasingdemandfor energy,thecommissioningof newcoal-firedpower

plantsandthede-mothballingof existingcoal-firedpowerplants(MRA,2003), Hgemissionsto

theenvironmentwillinevitablyincreaseoverthenextdecade.
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Coal Combustion: Gasification

Sasolconvertslow-gradecoal into petroleumproducts(IEA,2007): via the Fischer

Tropschprocesstoproduceabout30%of RSAsliquidfuelrequirements(VanDyketal.,

2006)

EstimatedthatSasol’s processproducedabout1.88 tonnesof Hg(air+ waste)during

2004:

- amountofcoalconsumed(41.2 Mtonnes: 70%gasified&30%processsteam/ electricity),

- 0.15ppmofHgincoal(WagnerandHlatswayo,2005),

- fabricfiltercontroldevicesinthecoal-firedpowerplants(0.5emissiondistributionfactor).

If muchHgis trapped,thenemissionswouldbe substantiallylower: ~ 0.18 tonnesHg

wouldbe releasedto the atmosphereif onewereto assumethatabout90% of the

estimated1.88tonnesofHgistrappedduringcoalgasification.
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Ferrous Metal Production: Iron and Steel

MajorsourceofHgemissionsfromthisactivityis fromcokeproduction(Pacynaetal., 2006). Small

amountofcoalisusedintheironandsteelindustryinSouthAfrica.

Coke(33%) andSteelProduction/ ScrapSmelting(66%) estimatedtoemit~1.0 tonnesof Hg:

- combustionof~7.62Mtonnesofcoal

- 0.15ppmHgincoal(WagnerandHlatswayo,2005)

- emissiondistributionfactors(0.9; UNEP2005)

Pigironproductionestimatedtoemit~0.29tonnesof Hg:

-productionof6Mtonnesofcoal

- 0.15ppmHgincoal(WagnerandHlatswayo,2000)

- emissiondistributionfactors(0.95; UNEP2005)

TheestimatedHgemissionsaremuchhigherthanHgemissionsreportedfortheAfricancontinent

in2000(0.4 tonnes; Pacynaetal., 2006).

SouthAfricais experiencingindustrialgrowth,particularlyin thissectorof theeconomyandHg

emissionsfromthissourceareexpectedtoincrease.
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Coal Combustion: Residential Heating

Informalsettlementsandruralareahouseholdsin SouthAfricausecoalforheatingand

cooking(Spalding-FecherandMatibe,2003).

Residentialheatingestimatedtoemit~0.75tonnesof Hg:

- combustionof~5Mtonnesofcoalduring2004(DME,2005)

- noemissioncontroldevices(1),

- 0.15ppmHgininHighveldcoal(WagnerandHlatswayo,2005).

Sinceabout90%ofHgemittedfromthissourceisgaseousHg0andHg2+(Pacynaetal.,

2003), individualswouldbedirectlyexposedtoabout0.66tonnesofHgduringheatingor

cookingintheirhomes.

IncreasedHgemissions,concomitantwithan increasein coalburningwilloccurduring

winter,similartowhathasbeenreportedinChina(Wangetal., 2006).
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Crude Oil Refining

SouthAfricaisnota majoroilproducer,buthasthesecondlargestoilrefiningcapacityin

Africa,followingEgypt(EIA,2007).

Mercurylevelsincrudeoilsvarysubstantiallydependingonitsorigin.

>80%ofSouthAfrica’s crudeoilis importedfromtheMiddleEast(IranandSaudiArabia;

EIA,2007),Hgemissionsfromthissourcewouldnotvarymuch.

Crudeoilrefiningemitted~0.16tonnesof Hg:

- RSAoilrefineriesprocessedapproximately18Mtonnesofcrudeoil(DME,2005a);

- TotalHgincrudeoilusedinrefiningprocess: 10mg/tonne(UNEP2005);

- Emissiondistributionfactor(0.9; UNEP2005).

AsSouthAfrica’s oilconsumptionhasincreasedsteadilyduring1986– 2006(EIA,2007),

withnosignsofslowingin thenearfuture,Hgemissionsfromcrudeoilrefiningarelikely

toincrease,withincreasingdemandinSouthAfrica,inthefuture.
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Non-Ferrous Metals Production: Primary Metals

RecentHgemissionsforSouthAfricangoldproductionwasestimatedto be174.1 tonnesduring

2000(Pacynaet al., 2006). GoldproductionusescyanidationandnotHgamalgamationto extract

goldfromore.

Goldproductionestimatedtoemit~0.07tonnesof Hg:

- 255tonnesofgoldproduced(CoMSA,2007),

- Hgemissionsrangebetween103– 444gHgpertonnegoldproduced(Schröderetal.,1982)

- emissiondistributionfactor(1)

HgemissionsfromgoldproductioninSouthAfricaappeartobelowerthaninothergoldproducing

regionsof theworld(e.g. NevadahaveHglevelsashighas0.1%byweight,andis thelargestHg

by-productsourceintheUSA; JonesandMiller,2005).

Productionofotherprimary(virgin)metalsestimatedtoemita totalof~0.32tonnesof Hgfrom:

- 0.24tonneszinc(KumbaResources,2005) at10gHg/tonne;

- 103Ktonnescopper(DME,2006) at1gHg/tonne;

- 42Ktonneslead(DME,2006) at10g Hg/tonne;

- emissiondistributionfactor: 0.1 (UNEP2005).
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Cement Production

CoalforfiringcementkilnsandproducingclinkerarethemajorsourcesofHgincementproduction.

Pacynaetal. (2006) reportedthatHgemissionsfromcementproductionin Africawere5.3 tonnes

in2000.

The annualcoalconsumptionwasestimatedby usingannualcementproductiondata,taking

accountthat~15tonnesofcoalis burnedin ordertoproduce100tonnesofcementclinker(DME,

2005b).

Approximately3.77 tonnesof Hg estimatedto be releasedduring2004(includesHgemissions

fromcoalcombustionforfiringcementkilns)basedon:

- 12.98Mtonnescementproducedin2005=~1.95Mtonnescoalusedforfiringcementkilns;

- usingappropriatedistributionfactors(0.9; UNEP,2005);

- ~0.15ppmofHgincoal(WagnerandHltaswayo,2005).

Cementproductionis increasingasnewinfrastructureis requiredinRSA,andsoHgemissionsfor

thecountryandthecontinentwillincrease.

It is importantthatHgemissionsfromthissourcebemonitoredin ordertoprovidemorerobustHg

emissionassessmentsforSouthAfrica.
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Artisanal Gold Mining

Althoughartisanalgold minersoperatein the Mpumalangaand LimpopoProvinces

(CoMSA,2006), the extentto whichartisanaland small-scalegoldminingactivities

contributetoHgemissionsinSouthAfricaarevirtuallyunknown.

Thisactivityis illegalin SouthAfrica,andhasanestimated8 000to20000goldminers

operatingin thecountry. Mercuryemissionsfromartisanalgoldminingin otherAfrican

countriesarelow(e.g. 3 to5 tonnesperyearinZimbabwe; Veiga,2004).

ForSouthAfrica,theHgemissionsfromtheseactivitiesmayevenlower,consideringthe

estimatednumberof goldminersin thecountryis lowerthanthatfoundin neighbouring

Zimbabwe.
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Waste Deposition and Incineration

About95% of wastewasdisposedof in landfillspriorto 2000(DWAF,1998). TotalHg levelsin

landfillgashavenotbeenmeasuredinRSA.

Coalash generatedby Sasolõscoal gasificationprocessis also primarilylandfilled. Coal

consumptionof 41Mtonnesin 2004(DME,2005), of which70% is consumedin coalgasification

equatesto approximately3.87and0.43 tonnesof Hgbeingtrappedas gaseousHg0 andwaste

(coalash),respectively.

SouthAfricaõsNationalWasteManagementStrategy: medicalwastebesortedpriortodisposal

orincineration; anddisposalofpotentiallyhazardousmedicalwastetolandfillsbeavoided.

Medicalwasteestimatedtoemit~0.60tonnesof Hg:

- authorisedmedicalwastetreatmentcapacity(commercialservices; public/ privatehospitals)was

~0.03Mtonnesin2005(DEAT,2006b);

- emissiondistributionfactor(1).

Pooron-siteincineratorsinpublichospitalsorclinics,if present; andtheburningor illegaldumping

ofwasteinresidentialareaswilllikelyincreaseHgemissionstotheSouthAfricanenvironment.
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Monitoring Hg emissions in RSA

Atmosphericmonitoringof HgmostlymadeatCapePointõsGlobalAtmosphericWatch(GAW)Station:

- Since1995attheCapePointGAWStation(Bakeretal., 2002; Slemretal., 2006):

-AverageyearlytotalgaseousHgbetween1995and2004rangedbetween1and1.5ngm-3

- Similarto measurementson boardshipin theSouthAtlantic,andonlyslightlyelevatedcomparedto those

measuredatNeumayerontheAntarcticPeninsula(Bakeretal., 2002; Slemretal., 2006).

InitialatmosphericHgstudiesin Pretoria(GautengProvince):

-TotalgaseousHgareelevatedabout2 ngm-3, especiallyduringthedayandindicativeofa diurnaltrend(low

concentrationsatnight).

- Concentrationsandvariationsareconsistentwithsubstantiallocalandregionalsourcesin thevicinity,andare

notsurprisinggiventhehighlevelofindustrialactivityinGautengProvince.

Rainfallcollections(weeklybulkphase)atCapePointõsGAWstation:

-Averagerainfallconcentrationforsevenweeksofweeklyrainsampling(July-/August2007) was6.3± 3.0ng/L.

- Scalingthesedatatoayearlyfluxsuggeststhatwetdepositionisaround3μg m-2yr-1;

ConsistentwithestimatesofMasonetal. (1994) fortheremotesouthernHemisphere.

LowerthanthatofsimilarlocationsintheNorthAtlantic(Bermuda,forexample(8μg m-2yr-1),ormostlocations

ontheeastcoastoftheUSA(e.g. Masonetal., 2000).

Raincollectionsin Pretoriain GautengProvincearenowunderwayandcontrastingtheconcentrationranges

betweenPretoriaandCapePointwillprovideimportantinformationontheextentofanthropogenicemissionsin

SouthAfrica.
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Gaps in our Current Understanding

Theabove-mentionedindustriesareall importantin SouthAfricaandfurthermonitoring

andresearchisrequiredtoverifythereportedHgestimates.

BiomassburningasapotentialsourceofHgtotheSouthAfricanenvironmentneedstobe

explored. Measurementsof totalgaseousHgat CapePoint,downwindof a fireon the

CapePeninsula,suggestedthatbiomassburningcouldbea substantialsourceof Hgin

thesouthernHemisphere(Brunkeet al., 2001). Theimpactsof Hgfromthesesources

havealsonotbeencharacterisedinSouthAfrica.

TheimportanceofdeterminingHglevelsinartisanalgoldminingareasinSouthAfricaare

neededto evaluatethepotentialimpactsthatsuchactivitiesmayhaveonhumanhealth

andsurroundingaquaticecosystems.

AlthoughthesearepotentialsourcesofHg,noinformationis availableontheHgcontent

of theiremissions. Moreso,thefateand/orlifecycleof gaseousHgthroughtheentire

electricitygenerationprocessrequirefurtherinvestigation.
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Research Needs

All estimatesincludedin this studyare basedon the best available

information.

Whiledataon theHgcontentof coalexists,thisis onlyfor theHighveld

CoalfieldandtheHgcontentof coalandemissionsresultingfromitsuse

arelikelytovarythroughoutthecountry.

MajorgapsinourunderstandingofpointsourceHgemissionsincludethe

Hgcontentof rawmaterialsusedin industry(i.e. in ironandbasemetal

ores,limestonein thecementindustry,etc.) andthetypeandefficiencyof

controldevicesusedinvariousindustrialsectors.


