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Abstract. Total mercury concentration range measured in surface waters of the Bolivian 
Amazon basin vary from 2.24-2.57 ng T' in glacial waters to 7.22-8.22 ng I-', in the Beni River at 
the end of the Andean piedmont. The highest mercury concentrations were not found in the 
rivas where the mmmg activities take place but at the nutlet of the A&im sub-basins exploited 
for heir allz~vial gold. The quite low wmmtt.a~ons~lld'of Hg ia the seditmm indieate a low 
sedimentary contamination due to the high particulate transport in the Andean tributaries. In 

0.8-2.3 pg Hgg" and 0.4-2.1 p g  Hg g' respec.tively, to 0.3-5.2 pg Hg g' in the Madeira River 
at its formation. We found that 7(fb/o of the piscivorous fishes collected was highly cantaminated. 
The major health impact caused Ly mercury aff¿.ts people who are not working direc.tly in gold 
cooperativis buk who have a r.egular fish diet. 

pisGi~orol!,s fi&%% the mG??lcy concentrafions f9EEd V@Y in the Beni and Mnmore _riva from 

INTRODU CTIBN 
Mercury c.ontamination in tnman and edible fishes and its distribution in waters and soih is an 

mining activities was c m " l y  held mponsíble for &e Hg contamination of aquatic ecosystems 
(Malm et al., 19%) ; Nriagu et al., I992 Pfeiffer et a& 1993). BLit recent studies have shown 
the imprtanc.e of the pre-anthropogenic. sources in the elevated merc.uiv concentrations 
nimmred in the sq.erfïcial mineral horizons of reniote forested oxisols (Rodet and Lucotte, 
'1995). Cmdderkg the+elative <&ieixe of mtlimpgmio Hg, Roulet et al. (1999) e.aleulated, for 
example, that more than 97% of the Hg ac.aitmlated at the soil siu-face of the Tapajbs basin is 

colonisation constitutes a major disturbance of the nahm1 Hg cycle. However, in the case of the 
Madeira river basin, there are two main sources of merc.Liry : long term low level atmospheric 
inpits from natural processes such as vulcanism, 1vhic.h is still ac.tive in the Real Cordillera, and 
inputs fimi anthmpogenic enlissions during the gold-mining activities. It has been estimated that 
in Bolivia, abmut 30 tomes of meremy is released into the environment ea& year (Hentse.hel and 
Priester, 1991). In the upper _ _  Beni riva basin, gold-mining activities iittensified about fi% years 

Mapiri, K'aka and 's affluents, alluvial river terraces contain the gold-bearing deposits. Most  
of the gold-mining activities in the upper Beni river basin take place in the rivers ripuani, Mapiri 
and K'aka. Here. approximately 200 cooperatives extrac.t about I (XN kg of gold per year, hence 
it may be sumised that 2000 kg of mercury is also used and that 51) to 70% of this is directly 
released into the environment via rivers, soils and atmosphere.The Bolivian Madeira basin tom 
the foc.us of the present study (Fig.1)- 

W~romentGl p b k m  of &rcnsing coneem i! the .An2az!?n basin. M e r c y  rele3sed fiom gold- 

p?e-mhIopPgenie: These authors propese that erosion of defo?-ested soils fo l loWg ttumx! 

agQ, The Tiplani Is the oldest pI!acer in Bollvia, -mw?sRea!n the TipL?ani rkr, along the 
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DESCRIPTION OF THE STUDY AREA 
BoIivían Amazonian basin represents the. Andean headwaters of the Madeira River, one of the 4 

_ _  most _ _ _ _  ímpwtmt ~butajm 1 (f' km7 v<& 
25% in Andes, 2'9% on Brazilian shield and 48% în plain. The Andean cordillera raising led to the 
fati of h e  shield causing the formation of a subsident d e g  in the Andean piedmont, where 
sediments can easily accumulate. The study of the biotic. compartments contamination is located 
in b upper Beni River in Rmmabaque, .at- the bo" of he Bolivian Andean piedmont. 
Heights a h v e  sea ImeI +mge i%om 6400-m at the Zmgo headwaters to 300 m at Rxwenahque. 
Andean tríbntaries of tRe Bení and Mamore r i~er  drain both senií-aríd areas of high altitude and 

sediments by year, and &e half of this burdens is iramp&teíl by the Beni River in Rumahaque 
(Guyot 1993). 

the An-mn River.. In ~_oIjvia> its drainage b~sm ia 

rires of !ropb&3! humid forest of the piedmont. Andean $vers expm an avm!gr? of 500 !O6 t af 

MATERIALS AND METHODS 

Sampling Prowdares 

Amazonian basin, from June '1995 to Decgmbgt 1998. Water, fish and hair sampSmg points are 
presented in figure I. Water samples werz collected using Teflon bottles and stored in 
pdyethylene h.gs, at 4"C, until filtration. All handling operations were performed using 'ultra- 
clean' techniques (Alders et al., 1Wfk Gaudet d al., 19951, including a portable larninar flow 
hood to avoid eontstminatim. Water samples were filkred W e e n  '1 and 6 k a m  after sampling 
on pre-xvashed (5% v/v distilled HNQ) and pre-burned membranes (Whatman QM/A). The 
di&~bed fractions were kepl in Teflon flasks,-immediatdy stabilised wíth distilled HCI (5%). 
Fish specimens ofknovm origin, germa and habitat, wem obtained both from fishermen or from 
local markets at Rtma'oaque. -The edfile portions (flesh} were separated and fiozen 
imediatly in liquid nitrogen and kept fiozen until analysis Human hair samples were collected 

seven u.ater smpling W-WF and three GSh co!!&ng SuFeYs were ca~ed-put  íl? the BPJ!'+u! 
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fi-om members of indigenous communities, f ishmen, miners and f" people living near the 
Beni river. 

Samples Treatments 

Water samples wm ana1yse.d in a sa-water matrix acidified with &SO, (1% vh) without 
treatment in order to minimise the possibility of contamination resulting from reaccion with 
exogenously applied - _  c.liemicals. Particulate merc.ury retained on the filters was solubilised using 
.acidified m-water masrix, $amples \ve@ .sonic.a.t& for 40 mínut&.to strip pctrtides fimn thhg: 
membranes. Organic men;uty complexes were broken down by addition of 50 pl of KMn04 
(6960) Q.iémnerais & Cossa, 1995). Hair samples were thoroughly rinsed in OA)1% EDTA 
'sohitian - - - -. . . - - . to t'emwe d ~ g t  p & k k  oily su~stw& or O&er ~ e m l  contamixtion, Fis11 sampl@ 
%vere mheralised ai 7 b C  rwing HC'1:HNQ and a strrmg oxidizing agent, W n 0 4  (Maur& 
Bourgoin et al., 1999). AI1 samples were then netitralised with hydroxylamine {NH,OH,HC'1 12 
g 1'1. 

RESULTS AflD RJSCYSION 
Mercury in waters 
Total mercury concentrations measured in surface waters of rhe Beni river basin varied h m  
2.2L2.57 ng I' in glacial tvatzi of the Zixtgo river7 to 7.22-8.22 ng I', in the Beni river ai 
Rurrenabaque. ìn waters of Andean tivers exploited for their alluvial gold, mal mercury 
concentrations range is 2,254,99 ng lÌ. The highest mercury concentrations were not ?ound in 
the rivets where ihe mining actiui&s take plice, but at the wtlet of the Andean sub-basins 
exploited fbr &eir alluvial gold, 200 hi dowmtmam. R e W  to the dmmage &sin afeas, in low 
water season. the Beni river exports at the end of the Andean piedmont 9.5 mg Hg di kmPz 
which Giite el!_eatgl tgppareJ tp the 6.0 & 45 mg Hg d' E2 expcgted by the Andean 
tribtitaries exploited for tkir allnvial gold (Fig. 2). Local ltydmlogie qim and prtk~ilak 
burdens can explain this tïndìng. During the wet seascm, fim November to March, contaminated 
particles are transported fmm the Andean sub-basins, characterised by steep slopes, to the 
Amazonia~ plain- Tlie li& admpkim capacity o€maxwy .sp.cially on fine partides, and the 
stability of its earbon binders are the reams =a@, in any hydrosystem, mast of the mere~uy is 
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mnsparted in particdate matter .@enes & J-kvlik, 197% Lingston, 1982; Maurice-Bourgoin .et 
al., 1.999)- This occurs maiiity during the rainy season, when soil erosion is most significant. in 
contrast, the lower sediment carrying capacity of the Amazonian plain rivers and the wid-minin-g 
aativities in .the Madeh ris&,. near the Bolivian .border, .explain the highex m e m q  
eonmnkat-ions -in siispended pai%idefi (IvtauY-ice-Bowgoin et al., 1997) which Gan fea& six times 
the world average- U5nfimring OLK remark, in The Tap@ River, Rodet and ai. ('1998) found that 

results xve obtained in .the suspended matter and .the soils of the main tribLtta1ies of the Aniazon 
River, in the Madeim (Maui<ce-Botirgoin et al., 1997% Tapa$ (Roulet et al., 19%) and Negro 
(Silva-Fofiberg et al., 1999) basins, we can suggest that here are preferential storage basins. 
The factors .conb.lling .the.contamination m .soils .&id sediments .ax podm.lízatîon, which .explains 
the -important acewmilat-ion of-mweiwy -itl soits and .&e -release of organo-merewial eomplew -&I 
rhe drainage waters (Roulet et al., 199.51, and soil erosion processes 'increased by the 
defmsh-ition and bmhg &Is pmt-ices. In the -J%Min .A.m~?&n haS.in, 5p.m the Andeiw 
piedmont fo the plain, this agriculnlval practice is C Q I W ~ I Q ~ ~ ~  held. Even if the hydrodynamic 
conditions ìn the Andean sub-basins favour the transport downstream and rhe dispersion of 
mercury in khwater* memuy pdution c.cruld still-kcme a problem in riparian people, 
.downstream, because .of .contaminated fish .aons~.tiOn. 

Hg contm in the \wer G?!L!mn j-5 indGpi3Kbl3.t fion? qF@em g.dd-mj.nhg gcJ.i*ties.- 5" t??e 

a ,  
i 3 '  

L .  . . . . . . . . . . , . . 

Mercury in Fish 

Behveen November 1997 and March 1999, 50 fish specimens -belonging to 15 genera were 
analysed, having bath different die& and habita&. All these spcies are consumed by the local 
papulation. T h  distriution of m w a q  in fish depends an their Clietary habits. The comtrations 
found in omnivorous fish range from 0.009 to 0.193 pg Hg g' and in piscivorous fEh from 0.327 
to 2.304 pg Hg g' (avemge, 1.1 pg Hg g'}- l'lie last results indicate that high merc~~ry 
concentration can exceed d.le WHO safety limit (1976) by more than 4-fdd (Maurice-Bourgoin 
et al., 1999). Our results show the accumiilatinn of mercury within the fond chain. Even if the 
particulate mercury concentration af  the rimr water is within the range of the natuml 
background staled in the li.terahUre, 70P! of the pk&"s fi,& caught- in the sttidy ama exceed 
the maximum permissible level. This raises an important pmblem. As mining activiries in this 
region are declining, many miners hase trmed to fishing as a livelihood. Fish con,,htutes an 
impoitant prt of the diet of the local pctplation, esp ia l ly  in the wet season when roads are 
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flooded, when these mn"ities become isalated and mnamic? sotivity cea.ses. The inajar 
health risk caused by macmy in the area ofthe Beni river at Ruwenabaque, as in the Madeira 
river near the Brazilian border, does not c.oncern the miners by direct inhalation of mercuiy 
vapur .during the bumiag p t ~ c ~ s s ,  but concas all the iwl popdafion, though the cons~nmption 
of C0nb"Rated pis~voroLl6 fish. 

cormusiowi 
The wsiiltfi presented here show that in Bolivia, the -f.elease of înercwy into the ecosystem 
&ring gold extraction and soil erosion represents a dwect environmental and health threat, 
_ _ _ _ _  affecting _ _ _ _  bth &e ecpsystem and &IF pwgk j-ivkg nat 6nIy &_e gdd-tl?inbg areg but mare 
impm#tly daw", 8E tlre Andean drainage basin ou&t. Tne mercury c5~omtUaSiorts found 
in piscivorous Bsh ?hm Beni river are o f  great concern since they can exceed 4 times the WH5 
safety limit. People of Indigenous communities living at &e Beni riverside present eIevated 
m q  lemls in hair flfl.5 pg g-'). The mnsumyticm of: mahm adLilt fish which have 
accumulated high quantities of methylmercury through pmlonged bioconcentrarion. is then 
particularly dangmtis. Tha major health impact tamed by mercury affects people who am not 
working ia gold cooperatives, kit who have a fish diet. Miners sddm eat fish and thus are 
effectively not in contact with the organic form of mercury, 

Aekno%vledgme~€a. In 1994, researcka &ont IRD fex-ORSTQM), €he FY& Scientific 
Research Institute for DeveIopenf in cooperation with Brazilian and BoIivian Lmìversities, 
initiated a global sttidy of the hydrogeochemistry of the Amazonian basin (HiBAm Program). 
We acknowle&e the Uiiivmidade fdml do Rio de Jrineim and the Uniwrsidad M3yor de San 
Andres (La Paz] for their help in labratory and their essential eoopmtion for the realisation of 
thí program. 

5 



REFERENCES 

.&~..s, W.-W.-, -Reid M..-R3 -KiFz, J.-.!?. Br HU.~!GX, K.A. U WO) Ccm!~m.biim--& sa-mr?!e 
.collec.tim and hmdlllng pmtocols .for .trace .elements in nahiml fmhwxters. Ausk. J. Mar. 

Barhosa, A.C., Sika, S.R.L., .& D Ó a ,  J.G. .(lW.8) .CmwntmtiQu .of mercuty in hair .of 
-h&genokis mothets atid infants from .the Amazon bafih. &oh. Ewiron. Cantam. Toxicol 34, 

Bastos, W.R., Malm, O., .Pfkiffkr, W.C. ¿k .Chry, .D. .(199X). Establishment and analytical 
quality control of tabratories for memiry determination in ,bíologicai and geological samples 
in the Atnazan-Brazil. C~WZC:N e .CI~~UTYJ., SO(4). 

Benes, P. 8r MvIik, B. (J.979) Speciation of-merawy -in-natural %%tas. h.: The biogeoqumís4y 
of mercuty 'in &e environment. J.O. NrÍagu (ed.) ~l3lsev'ier/North-Holland Biomedical Press, 
- Amsterdam _.__ pp j 75-202. 

Gaudet, C., Lingard, S., Cureton, Ia., Kemlqrside, K., Smith, S. d Ra,& G. (1985) Canadian 
envirmenta1 quality pidelines for mercury. Water, Air and Soil Pollution SO, 1149-1 150. 

Gtyot, JL. (1-9'13) Hydtogquemistry of the EblíviItn Afilamnian .Riven. .%.D. dissertah1 
ORSTOM France (eds.), 261 p. 

.&ntschel, T. & .Priester, M. .(l-W).Cmtaminacibn por mercwio en paises en via de desarrollo 
por amalgamacibn de oro de la pequeña minería y técnicas alternativas para el 
procesamiento. Prqjekt~nsult, Kijningstein, Deukliland. 

kgston, W3. (1982) The distdmtion of -memuy -in British &mi=ine sediments and its 
availability to deposit-fdingbiwlves. J. Mar. Biol. Assoc. U.K. ci', 667-684. 

Malm, O., .P.fat%@, -W..C., Souza, G.M.M. & Reuther, R. {l-WO) Memry .plkition .due io gold 
mining in the Madeira river basin, Brazil. AMBIO 19(1), I 1-15 

M a u r i ~ e - B ~ ~ ~ g k ~  L., .QLikoga J., G.upt J.L. & Malm .O. (1999) Merauy poll~tion .&E to die 
gold-minkg-in .&e upper Bani &ïver basin, Bolivia. AMBK) 28{4), 302-306 

d&r&uutim h Madeira and Amazonas river .drainage basin. In : Proceedings. Filth lAHS 
-Symposium, Freshwater Contamination, Webb B. (ed.), lAHS .hbIication no 243, pp. ,8542. 

Nliag~i, J.O. (1993) Mercuy .pllution h i  Silxer iiliaing in .colonial South Anierica. hi: 
Proeeedkgs. Paspeetives €or . E ~ r f " e n E a l  pchemistrgr in Tmpie,al Co~mtries Niteroí, 
Brazil. Abdo, J.J., Wasserman, J.C., and Silva-Filho, E.V., (Ed,), pp- 365-368. 

Pfeiffkr, WC., .Lacerda, L.D., Salamons, W. & Malm, O. (1.993) .Env.ïmrtmntal fate Qf mercury 
ftom gold-minmg in the Brazilian Amazon. Environ. Rev. 1, 26-37. 

.QLlclllerais, B. i% Cossa, D., 1995. hedm for sampling aid .maly& of niamuy 31 nakm1 
waters. .E&mment Canada, Emimment CtmswAon, Centre Saint Laurent, Rapport ST- 
31E, 39 p- 

ROUI&, M. & Lucotre, M. (199S) -ceochemistty.a€m~;try in prktine and flooded fmllitic. mils 
of a dense trupical forest in French Guiana. .Water, Air and Soil Follut. 80, 1079-1088. 

Rodet, M., Lucotte, M., Camel, R., !Zhea~dt, l., Tran, S., De Freítos Gog, YG., Farella, N., 
SOW do Vale, R., Sousa Passos, CA., .De Jews da Silva, C, Magla,  D. & Am& M. 
(1998) Distribution and partition of total mercury in waters of the Tapajbs River Basin, 
Brazilian .Amazon.- .Sii. T.Ö.tal I3wir.cn 231,203-211, 

Fmh\mtm R a .  41,713-7%. 

100- 105. 

-M8uIk*B9u?@-in, L:, GUYQL J,L, s_ey!s, R., Qi&z?$&!, J.. r COLFBG, P.. (!PB71 &%!y 

6 



ROUI&, M., Lucotte, M., Farella, N., Serique,.G., .Coelho, N, Sousa Passos, C . J . ,  De lesus da 
Silva, E., .Scavane de Andrade, f., Mergler, D., Guimaraes, JAUl., C9r Am~ti~n, M. (1999) 
Effects of recent human colonization on the presence of mercury in Amazonian ecosystems. 
W.ater, Airand Soil I?ollut. 112,297-313. 

Silva Forsbag, M.C., Forsberg, B. R., & Zeidemann, V. K. (1999 m press). Mercury 
- contamination - -_  .... _. ..--- ._- .. jn . h m n s  . _.._ ... linked ..__ - to jjsj gh-mms-y m-í the .Amezgn bas.ín? A-MBJO Vol, 6 
WHO, 1Y?& E~~sk"ienttcl Health .Criteria. 1. Memy. Warld Health .&g., Ceneva L131. 

7 


