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Mercury contamination in the northern Pantanal 
region Mato Grosso, Brazil ’ 

A hstrart 

In gold mining mxs around the world. mercury is used IO scpxttc gold by ;IrlilllP;Ltn;‘[ion. This 

olicn WLISL’S tncrcury coli1ariiiIi;ltiotl. Such ;1 si[uation nm the gokhnincs in the Ptxxn~ arca. Mm 
Grosso, Brazil was invcsligalcd. Conccnlctlions of nxrcury wcrc dclcrniincd in waler, scdinlenl ;tnd 

air. The results ohktincd in water showed clcvutcd rncrcury concentrations of bctwccn IX and I60 
rig/l ( lillcrcd) coniparcd I0 15 f 0.9 rig/l in a rcfcrcncc site. In scdiuiculs, lolal nicrcury conccnlatlions 

wcrc in the mngc froui 23 lo I98 rig/g (dw ). K~sulls ol’ spkrlion adyscs in water and srdinicnl 

saqdcs l’rotu two su~ll rivers showed lh;H only IO 10 50% of the tummy is easily rcducihlc. At thr 
beginning of [hc rainy season. voldlc nmcury conccnlrations ol’up to X rig/l rcsttlkd I’rtun Isaching 

the tailings by the rain. In the arnhicnt air near the goltl rninc rq$on, conccntr:~tions ol’ up to 6 ng/ni’ 

n~crcury wcrc dctrctcd. Two tnckrs above cont;unin;A [dings, the values ti~und were ten tinirs 

higher. Thrsc results provide first inlimnation on translimiations of rncrcury specks and their path- 
ways under lropkrl condi1ions. 

1. Introduction 

Since the I%Os, about 5000 workers have been employed in about I30 gold mines, called 

garimpos, near PoconC. Mato Grosso. in the centre of Brazil. The gold ore is mined ;1s 

bedrock. which is crushed and then concentrated in centrifuges. Mercury is then used to 

amalgamate the gold particles and separate the gold from the waste. The waste from this 

separation process is contaminated with mercury and is collected in the tailings. Thus, a 
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<Treat deal of the mercurv from thr gold purification proccsa ends up &posited in the slq 

Eilcs. We estimate the amount to br about 2 tons ( von Tiimpiin? and Zeilhofer. 199-t). 

Ovrrull. it is estimated that during the 1980s between IO and I5 t of mercury wrrtt used in 

the region of Pocon2 ( CETEXI. 1989. CETEM. 199 I, Lacerda et A.. I99 I ). 
The results of several previous investigations near Pocont! have dealt only with the total 

concentrations of mercury. However. mercury is an ekmcnt that can pass through various 

cycles in the environment. successively forming different compounds. each with its own 

environmental behaviour. Thus. to determine its actual behaviour under tropicrrl conditions. 

WE: studied mercury in its various forms. The results fucilitatc an evaluation of the effects 

mercury can have as an environmental contaminant. This can then form the basis for :I 

description of the pathways of mercury in tropical regions such as Poconk. 

2. hl:Wri& and nlethads 

For one year at bimonthly intervals. 14 samples of bottom ditucnt coInbind from tivc 

points in ;I horizontal cross sectional prolilc from Icli to right hnk were taken togcthcr with 

the S;IIIIC numhcr of water samples from ;I ditch called Corrcgo Fundo which has a cross 

scclion hctwccn one and lhrcc squ;irc mctrcs. The tlikh passes through ;I gold mining region 

hcforc it contlucnccs with the Pirancma Kivcr. Snmplcs wcrc also collcctctl from the 

I’ir;lncnI;I Kivcr at himonlhly intervals. 

S;inlplcs of waler. scdinkml ;irlrl air were in a11 art’;1 of the National Park “Scrra tlas 
Araras”, which is IOC:IUI about 100 km north West of lhc mining arca collcctcd for 

comparison. This park is free of gold mints and other possihlc dirc‘ct industrial mercury 

emission inlliicncck 

The wukr samples wcrc Liltcrccl through 0.45 pu Milliporc liltcrs and stored in brown 

glass hottlcs. The scdimcnt sa111plcs wcrc trxnsportcd in brown e L ~*IISS hottlcs and sicvcd in 

the kibor;rtory. All wakr sa~nplcs wcrc’ (rcatcd with nitric acid and stabiliscd by cooling. 

Each of the spscics groups of mercury was dctcrmincd individually by atomic Iluorcs- 

CCIICL’ spectroscopy ( AI-3 ) ( Urooks Rand Ltd., IWO) The t lg” conknt was dctrrmincd 

first by purging the water sampks only with argon. Next. the easily rcduciblc fractions ol 

mercury wcrc dctcrmincd alisr reduction with st;11111o11s chloride. Finally, the aumpl~s wcrc 

oxidiscd using ;I solulion of 0.2 M HrCl ( Hloo~n and Crccclius. I9X3). The rcmnining 

fraction was analy~al atier reduction with st;mnous chloride. The WUI mercury could then 

bc calcula~cd ( Bloom and Crecclius. I983 ). For scdimcnt samlhs. the S~IIIIC’ procahux was 

used to dctcrminc the total conccntr3tion of mercury. the scdimcnts were firs1 digcstcd in 

nitric acid (Nagaw et al., 1980). 

To collect air samples, gold traps and ;L CarbotrapO adsorba device were connected to 

;L “Quantimcter lo(X)” (Drtigcr, Liibsck) air pump. To dctcrminc content of mercury in 

thcsc samples, the traps wax attached to a heating dcvicc tit the input point of the AFS 

(Wilkcn, 1992). 

Certitial material was used for quality control of the results. The results were alsoqualified 

by participation in an intcrcalibration test with other Gcrman cnvironmcntai laboratories 

(Wilkcn cl al., 1994). 



3. Results 

3.1. i2lrrarv in nvrterboclirs md rir,er setlittrrtrts 

The investigated area is shown in Fig. I. 

In June and August 1997. the tirst samples of water and sediment were taken every 

200 m in the Corrego Fundo ditch and at 4 points in the Pirunema River ( Fig. I 1. to provide 

orientation values on the regional contamination and to establish representative permanent 

observation points. Samples were to be taken regularly at these observation points through- 

out the year to describe the behaviour of mercury and its species in a tropical surface water. 

In any investigation, the number of samples is limited. Therefore, multivariate statistical 

methods. such 11s methods of cluster. variance. and discriminnnt analysis had to be used to 

dcterminc the similarities and/or differences bctwccn the sampling sites and to optimise 

the sampling strategy. Fik 1. 2, with the results of cluster analyses. shows clearly that changes 

were occurring near the gold mines, while along the middle course of the stream, the dcpree 

of similarity was much greater. In contrast. near the confluence of the stream and the river. 

the results were very dissimilar, making it necessary to establish ;I set of sampling points 

much closer together than those along the middle section of the stream. From the tindings 

of these studies. it was possible to dcsignatc the snmpling points within the squares ;IS 

pcrnmcnt observation points in the Fundo ditch at which s:unplcs wcrc then taken regularly 

throughout the year. 

Ki~s~ills 0J’llic~ crtttrwl cy*lc~ itt Ilic nurw 

The rcsultsofthc water, scdimcnt. and suspcndcd Inattcranalyscsshowcd that the mercury 

contami~~atio~~ at the sampling sites wils higher than the rcl’crtmx values. This could be 

explained by the ~ollapsc ol’a danl in Milrch I 092. three months bcforc sampling bcgim. 
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Fip. 1. Results ot’clustcr nndy& according IO thr dgorithm of Wad. 

rig/l Hg total 

The ;umual cycle of the total mercury concentration rcprcscnted in Fig. 3 shows that the 

values rccordcd in the ditch wcrc rclativcly high. 

After the dam was rcconstructcd in July. thcsc vnlucs showed ;I steady dccrcasc. At the 

end of the rainy scxon. the concrntrations slightly increased again as the water lcvcl and 

movcmcnt of sediment in the ditch decreased. When the water current increased again, the 

sediment was carried downstrtxm, and the values resumed their decrease once again. 

(2) Vokrtik rlertwrrttrl rtwnur_v in ltw b~*oIcr phcisr 

In Fig. 4 the results of volatile mercury in the w;Ltcr phase arc shown. 

This figure can bc intsrpretcd 3s an effect of leaching of mercury from contaminated 

tailings by rain water. This was confirmed by the calculation of ;1 correlation coefficient 

bctwccn the rlcmcntal mercury ( !I = 76) in the water and mercury in the suspended matter 

(II =76) ;II the beginning of the rainy season. This correlation coefficient was 0.71, which 

is statistically signilicant with a first kind error probability of less than I%. 

(3) Recrctive nwrcrrry itt ftw wtttr phase 

The concentrations of the determined reactive mercury in the water phxc are shown in 

Fig. 5. 

Only 20% to 40% of the total mercury in thcsc waters is easily rcduciblc. During this 

entire period, the amount of rcactivc mercury showed a steady dccrcasc. The rc’ason for this 

could be ;I transformation to more inert compounds. 
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(4) Nrtrrrcwc*tirv trttcl itrert ttwrcwry itt I~ICJ b~wwr plrrrsc~ 

Between 55% and 75% ol the total mercury forms compounrls which XV not rcactivc or 

inert nnd may ;rssociated with humic substances. 

( I) Tottrl ttrercrr~ it1 star-tee srclittrcwt.~ 

The results of total mercury obtained during the cntirc seasonal cycle are shown in Fig. 

6. 

Tailing particles contnminatcd with mercury arc: mobiliscd and enter the river system 

during the rainy season which starts in October. Thcsc pat-ticks arc deposited in the river 

system. depending on water velocity. When the w;~tcr velocity decreases. sedimentation 

increases and the wetlands at-(: flooded. Near the end of the rainy season. the discharge is 

so low that the river flows once mm with higher velocity in its bed. Thcsc process explain 
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(2) V~tltrtilc~ chvttcvrlctl tttc~rurr~ itr .srrr/ircr~ scclitttcttts 

Elc~ncr~tal mercury and its volatile organic co~npouncls wcrc below the dctcction limit ol 

0.5 ng nicrcury/g dry scrlinlcnt. One possible cxplnnation for this result is the dsorption 

of nicrcury and its cimif~ounds on scdinicnt particks. 

(.J) Kwc~li~~c~ tttc’rc~rrt;v itt .vtrtfirc~c~ .scdittrcwt.r 

‘flit pcrccntagc of the 101~1l uicrcury content in the scilinitmt th;11 hclongs to the easily 

rctlucihlc I‘raction plovcil to hc IS%. This I’rxtion was thcrcI’orc lcss abundant in the 

sctlinicnt tli;in in the w;itcr. 

(4) Nott-rccrc~ti\~c~ ctttcl itwrt ttwrcwr,v itt .rtrt$rc.c, .sdittrcvrts 

Nearly X0% of’ the total nlcrcury in thcsc sctlinlcnts is inmohilisd by fimning IIOW 

rcactivc and inert conipounils. Only at the cnil of the raiuy sc;~son. with II high current in 

the rivers, did dcmohilisation and transport ol’thcsc particles take place in the water phase. 

4. Mcrrury in the ;unhient air 

The nicrcury concentrations dstcrmind in the andknt air near f’ocd wcrc higher than 

the naturd background Icvcl rccorcfctl in the Scrra &IS Araras National Park (Tat-k I ). 

One possibfc source of atmospheric mercury is the contan~inatcd tailings in the gold 

mines. Near thcsc tailings. values ot’mmxry in the air as high as X0 rig/m were detcctcd. 

In the Pantanal, 100 km front the mines, total concentrations of about 3 rig/m’’ wcrc 

dctcrmincd in the air. Thus, the PiInti1nal concentrations arc lower than the concantrations 

in the Pocok region but higher than the background values in the Serra das Araras National 

Park. The transport of uxrcury from the Pocont5 arca away into the Pantanal could hc 3 

possibility. 
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5. Conclusion 

Mercury concentrations in the water and sediment san~plrs were relatively low comparrd 

to corresponding values from other regions such as the Amazon basin, Brazil ( Lacerdn and 

Salonions. I99 I ). However. they are signi ticantly higher than those in the SNIX &IS Arms 

Nntional Park. Thcrcfore. mercury has a hazardous influence on the Pantanal, one of the 

Inrgest wctl~uid areas in the world. and on its unique tlora and lilim. 

The rncrcury that enters the ditch near the gold mines prohahly bccon~ inmohiliscd in 

the sctlimcut scvcral kilotnctrcs from its site of r&xc. This would cxplain the failure to 

dctcct volatile nicrcury in the study mx. At the hcginnin, 11 ol’ the rainy sc;~son. clc~iiciit;~l 

mercury from contauliuatcd tailings was li~~nd to hc transportcrl with the rain water into 

the river systcn~ 

In the auihicnl air near Pocon~. higher nicrcury conccnlraIions wcrc li~intl in conip;aison 

to the I’antanal ilrc;I. IO0 k111 itway from tllc garimpos ( sn~all gold mincs). Thcrdorc. thcrc 

is ;I possihlc illln0sphcriC tramport id’ uicrcury I’roni the I’ocwi2 mx into lhc I%nlan;~l 
through the illlllOSphCR!. 

C’ou~parcd to other sources ol’~o~itarllination. such as during the burning ol’golrl amdgm 

in the open air, lhc cslinialcd iii;~xiniuni nicrrury lcvcls which cm cvapixilc I’roni lhc main 

t;lilings arc low at prcscnt and. gcncrolly spcakinp. should not pose ;I thrtxt to the locd 

surroundings. 

The results ahovc contrihuk to il bcttsr untlcrstding of the main pathways 01’ nicrcury 

in tlw tropical I?II~I;II~;I~ itclu:ttic system. The ultinxltc goal &this rcscarch is the prevention 

ol I‘uturc nicrcury pollution mrl rduction ol’thc prohlcnis Ihilt arc hcing c;~uscd by the past 

and prcscnt rclcasc of’ mxcury ilutl its spccics in the past. 
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