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Methylmercury in Fish as a Tool for
Understanding the Amazon Mercury

Contamination

Helena do Amaral Kehrig* and Olaf Malm
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In order to evaluate aquatic environmental
mercury (Hg) and methylmercury (MeHg) con-
tamination, a wide variety of fish species were
sampled from some tributaries of the Brazilian
Amazon river system, the Balbina reservoir and
the Pantanal watersheds. These water bodies
present different mercury inputs and biogeo-
chemical characteristics. Amazon fish, which are
the main pathway of MeHg to the local popula-
tion, are the most important protein source for
them, and fishing is a significant economic
activity throughout these regions. MeHg in fish
samples (164) were analysed with an efficient
extraction techniqgue and measured by GC-
ECD. Analytical quality was checked through
intercomparisons between two laboratories with
local samples and a certified standard from
IAEA. MeHg concentrations of carnivorous,
omnivorous, detritivorous and herbivorous spe-
cies ranged from 0.1 to 1.25 mg kg* wet wt and
the mean percentages of MeHg to total mercury
were usually higher than 80%. Carnivorous
(piscivorous) fish, which represented 74% of all
samples, effectively showed higher MeHg con-
centrations as well as a higher MeHg/total
mercury ratio in muscle tissue than fish from
lower trophic levels. In general, MeHg concen-
trations in carnivorous fish were higher in places
close to goldmining activities, the Madeira river
and the Tapajos river near ltaituba city. The
MeHg/total mercury ratios in fish were higher in
non-impacted areas and with smaller amounts of
suspended particulate materials (Negro river,
Balbina reservoir and Pantanal watershed). No
MeHg seasonal variability was observed in
Serrasalmus rhombeugcarnivorous fish) from
the Madeira river basin during the year. High
variability in MeHg levels was observed in
muscle of the same carnivorous species fish with
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INTRODUCTION

In the Brazilian Amazon region, informal gold
production, which uses large amounts of metallic
mercury [Hg(0)] to amalgamate the fine gold
particles, is one important source of environmental
mercury pollution; it is the major health risk for
occupationally exposed persons and is a potential
risk for the general population.

Amazon fish are the most important protein
source for the local riverine populations and fishing
is a significant economic activity throughout the
region. The local riverine populations, which have a
high daily ingestion of fish, are exposed to
methylmercury (MeHg) through consumption of
contaminated fish from goldmining activities in
rivers?

Methylmercury is formed from inorganic mer-
cury by methylation, preferably under anaerobic
conditions? and is then bioaccumulated in biota
and biomagnified up through the aquatic food
chain? In particular, factors such as high bacterial
activity under slightly acid conditions in the
presence of high concentrations of dissolved
organic carbon are very important for methylatfbn.
Furthermore, temporary or permanent flooding of
vegetation and soil may also increase mercury
mobilization and consequently the concentrations

in fish®> The Amazon aquatic ecosystems present

CCC 0268-2605/99/100689-08 $17.50



690

H. DO A. KEHRIG AND O. MALM

Main Goldminiog
Aveas []

Main Cities ar

Manicon (MA) y-
Amazon river

Negro river Area

Balbina
gg reservoir Itaituba
Brazil ) v
i
Mljds river

Study Area

Villages -+

Humaits (HU)+

- @ Pantanal
mmmmmm
Mudeira river
Study Area

=== International border s

Figure 1 Studyarea.

thesespecialconditions,which favourthe mercury
methylationrates.

The local populationsare also exposedto high
mercury (Hg) levels from certain fish species
collected in new reservoirs'® New regulated
reservoirswith a high dissolved organic matter
contentfavour increasedmethylationof mercury,
which may lead to increasedbioaccumulationof
methylmercuryin fish.”®

Fish, which is the critical pathwayof MeHg to
the population,mustbe monitored® The enormous
diversityin fish speciesn the Amazonbasinmakes
food chainsextremelyrich but more complexand
thereforethe monitoringprogramis alsocomplex?
There are around 200 different fish speciesof
commercialimportancein eachriver basin®®

In order to evaluate aquatic environmental
mercuryand MeHg contaminationa wide variety
of fish species,which are those most frequently
consumedby the local population,were sampled.
They camefrom severaldifferenttributariesof the
AmazonRiver system(Madeirariver, Negroriver
and Tapaja river), the Balbinareservoirand from
the PantanalwatershedgBento Gomesriver and
Fazenddpirangalake) (Fig. 1). Thesewaterbodies
present different mercury inputs as well as
particular biogeochemical characteristics. Even
inside eachbasin, peculiaritiesof eachecosystem
influencemercuryincorporationthroughthe biota
andconsequentlalongthe food chain.

MATERIALS AND METHODS

During the last 10 yearsthe UFRJlaboratory(Rio
de Janeiro,Brazil) have beenworking in several
different areasin the Brazilian Amazonand have
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collectedalargenumberof fish samplesFromthis
fish samplecollection we chosemore representa-
tive groupsof individuals basedon previoustotal
mercurydata,the biogeochemicatharacteristicof
the areasandthe possibleinfluenceof goldmining
activity. Someobservation®n seasonaVariations
weremade.

A total of 164 fish samplesvereselectedrom a
collection sampledin different periods (1991 to
1996)with distinctfeedinghabits,mainly carnivor-
ous(piscivorous)andomnivorousspeciesTable 1
showsthenumberof individualsselectedrom each
fish speciesaccordingto their feedinghabits.

Analytical methodology

Total mercury and methylmercuryanalyseswere
performedfor fish samplesat the Laborataio de
Radioisdopos (UFRJ). For total mercury, muscle
tissue of fish sampleswere acid-digestedand
subjectedto atomic absorptionspectrometrywith
an AA 1475 Varian instrument,equippedwith a
cold vapourgeneratoaccessoryVarian VGA-76),
with sodiumborohydrideasareducingagent-* For
methylmercury,we usedan analytical procedure
developedat the National Institute for Minamata
Disease(NIMD) laboratory and adaptedat the
UFRJlaboratory.Methylmercurymuscletissueof
fish was analysed the combined method of
dithizone—benzeneextraction and analysis by
ECD-GC®2 This methodis basedon the fact that
methylmercurydithizonatein the final solutionin
benzends convertednto its chlorideform assoon
asit is subjectedo conventionaECD-GC.There-
fore, a special column with about0.2g of NaCl
crystalsaddedon the top of column (Hg-20%; G1
Scienceltd) was usedthroughoutmethylmercury
measuremerin this study?

Methylmercury analysisin fish

Muscle tissue (0.5g) was digestedwith 10ml of

1N alcoholic potassiumhydroxide solution in a
50-ml screw-cappedentrifugetubeat 100°C in a
water bath for 45min. The digestedsamplewas
slightly acidified with 10ml of 1N HCI. After

washingwith 5 ml of n-hexanethe methylmercury
was extractedwith 10ml of 0.05% dithizone in

benzener toluenepurifiedwith anequalvolumeof

0.1N NaOHyjust beforeuse.The organiclayerwas
then washedtwice with 5ml of 1N NaOH to

removethe excesddithizone.An aliquot (5 ml) of

the organiclayer was back-extractedvith 2 ml of

0.01% Na&S in 0.1N NaOH/ethanol(1:1). The
excess sulphite ions from the methylmercury
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Table 1 Total numberof individualsof fish speciesaccordingto feedinghabits,samplinganddatefrom the several

different studyareas

Samplingareasanddates

Madeira
river?
(1994)

Negro
rive
(1991)

Fish speciesaccordingto
feedinghabits

Balbina
reservoif
(1996) Santafen® Itaitubef

Tapaja river (1996) Pantanal1995)

Bento
Gomes
river®

Fa_zendal-
piranga
lake®

Carnivorous

Tucunarfe 8
(Ciclha spp.)

Aruana

(Osteoglossurferreir)
PeixeCachorro(Hydrolycussp.) 6
Piranha 10
(Serrasalmushombeuy

Mapara 4
(Hypophtalmusdentatu}

Bagre

(Ageneiosudprevifilis)

Tralra

(Hoplias malabaricu$

Pescada

(Plagioscionsp)

oo o O

Omnivorous

Pacu 3
(Mylossomaduriventre

Piau 3
(Leporinustrifasciatug

Acara

(Geophagusurinamensis

Sardinha 1
(Trportheuselongatu$

Detritivorous

Branquinha 6
(Potamorhinalatior)

Branquinha 4
(Curimatavittata)

Cara(Geophagusp.) 5
Aracu 4
(Laemolytataeniatg

Others 3

Herbivorous
Aracu (Leporinussp.)

Total 44 38

17 5 5

10

33 15 10 18 6

2 Neargoldminingarea.
Non-impactedarea.

solution was eliminated with continuedbubbling
(50mlmin~?) for a further5 min with nitrogengas
andsomedropsof 1 M HCI. To thesamplesolution,
2 ml of Walpole’sbuffer (pH 3.0) wasadded.The
methylmercuryfrom this inorganic layer was re-
extractedwith 1 ml of 0.05% purified dithizone—

Copyright © 1999JohnWiley & Sons,Ltd.

benzeneThe organiclayerwasthenwashedwice
with 2ml of 1M NaOH to remove the excess
dithizone and subsequentlywith 5ml of distilled
water and acidified with a few dropsof 1 N HCI
followed by ECD—GCmeasurement.

The quality of the analytical methylmercury

Appl. OrganometalChem.13, 689-696(1999)
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Table 2 Mean methylmercuryconcentratiorsand ratios to total mercuryin fish muscletissuefrom the different

studyarea$
—1
[MeHg] (mgkg ™ wet wt) [MeHg]
Samplingarea C O D H All fish® (%0)°
Madeirariver basitf 0.57+0.24 0.15+0.11 0.18+0.14 0.41+0.23 91
(0.01-1.18) (64-100)
Negroriver basirf 0.61+0.28 0.09+ 0.03 0.43+0.26 90
(0.03-1.39) (63-100)
Balbinareservoif 0.32+0.25 0.06+0.02 0.24+£0.18 96
(0.03-0.92) (82-100)
Tapajas river basin(Santafen)® 0.144+0.08 0.05+0.02 0.12+0.08 88
(0.03-0.36) (65-99)
Tapajs river basin(ltaitubaf'  0.81+ 0.35 0.81+0.35 84
(0.34-1.25) (74-96)
Pantanal(Bento Gomesriver)® 0.124 0.05 0.12+ 0.05 97
(0.03-0.21) (89-100)
PantanalCuiabariver)® 0.07+0.03 0.07+0.03 96
(0.04-0.11) (82-100)

2 Meanvalues Sb.

b C, carnivorous:0, omnivorous:D, detritivorous;H, herbivorous.

¢ Valuesin paranthesigrethe range,(min.—max.).
4 Neargoldminingarea.
¢ Non-impactedarea.

and total mercurywas certified throughintercom-
parison exercisesbetween the two laboratories
(NIMD and UFRJ) using fish sample§****anda
certified standardsample from the International
Atomic Energy Agency (IAEA). The NIMD has
checkedts methodologyagainstotherlaboratories
andmethodologies?

The variability of MeHg and total mercury
concentrationsn fish speciessamplesrom differ-
ent study areaswas investigatedusing the coeffi-
cient of variation(CV). Differencesbetweenthose
variableswere comparedand expresse@spercen-
tages(%o).

Statistical analysis

After verificationof the normaldistributionof each
data set, an analysisof varianceand ‘Tuckey's’
multiple comparisonwere used to comparethe
methylmercuryesultsin muscletissueof fish from
all the different study areas.Mean comparisons
werecarriedout usingthe Student’st-test™®

RESULTS AND DISCUSSION

Comparisorbetweerthe methylmercuryresultsof
the analysisperformedat the two laboratoriesfor

Copyright© 1999JohnWiley & Sons,Ltd.

32 fish samplescollectedat the Balbina reservoir
showedgood agreementvith a highly significant
correlation(r? = 0.99); a pairedt-test showedthat
theyaresimilar (0.50 < Pz, < 0.25).

Our methylmercuryresultsof analysis(N = 31),
3.59+0.36mg kg%, of a tuna-fish certified
referencesample from the IAEA, which has a
certified MeHg value of 3.65+ 0.35mg kg2,
demonstratedhe high precisionand accuracyof
the analyticalmethod.

A total of 164fish samplegrom the Amazonand
Pantanawatershedwvere analysedfor methylmer-
cury in this study; 121 (74%) of them are
carnivorousspeciesmainly Ciclha sp. (tucunarg,
Plagioscionsp. (pescadacomum), Hypophtalmus
edentaus (mapafy, and Serrasalmusrhombeus
(piranha)(Table 1). Tucunareand pescada&omum
arethe mostimportantcommercial(li}/usedspecies,
andmuchlessis piranhaconsumed.’

Carnivorousspecieswhich areon thetop endof
the aquatic food chain, are a good indicator of
mercuryin fish 8 Of these 45 (37%)hadamercury
concentratiorabovethe maximumlimit of 0.5mg
kg~! wet wt. establishedfor food by Brazilian
legislation!® The mean percentagesof MeHg
relative to total mercury were more than 80%,
indicating that organic mercurywas the predomi-
nant form of mercury in the fish muscle tissue
(Table?2).

Appl. OrganometalChem.13, 689-696(1999)
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Methylmercuryconcentrationg¢Table2) showed
decreasingvalues along the food chain from
carnivorous to omnivorous, detritivorous and
herbivorousspeciesThis observatiorindicateshat
biomagnificationis probably occurring in these
food chains. Thesespecieswere collectedin all
sampling areas and presenteda methylmercury
range from 0.1 to 1.25mg kg~ wet wt. These
data can be consideredconsistentwith datafrom
the Madelra river basin and the Tapaje river
basin®°~%?the Balbinareservoir® the Negro river
basirf® andthe Pantanalvatershed?

We observedhighvariability in methylmercury
levelsin muscletissueof the samefish specieswvith
similarweightssamplecatthesameplaceandtime,
such as tucunare and piranha from Balbina,
tucunareand pescadacomum from the Tapajs
river basinnearltaitubacity, and piranhafrom the
Madeirariver. This observationcan be considered
consistentvith preliminaryresultsfrom Ref. 25.

Tucunareand piranha sampledat the Balbina
reservoir presenteda methylmercuryrange from
0.06to 0.73mg kg wet wt. for the former and
0.05t0 0.92mg kg™~ * wetwt. for the latter. Piranha
collected at the Madelra river presenteda range
from 0.2to 1.1mg kg * wetwt. This largeinterval
is probablydueto theabundancandassortmenof
food offers, which vary during the year. ‘Piranha’
hasa quite specificmeaning:a carnivorousspecies,
feedingon small piecesbitten from prey, but also
on some fruits and seeds, mainly endosperm
material?®

The variation in mercury and methylmercury
levelsin fish of eachtrophic level is a resultof a
varied diet of the fish throughthe dry and rainy
seasonslhecontentof proteinandfat onfishvary
S|gn|f|cantly throughout the dry and rainy sea-
sonst*

Neverthelessno methylmercuryseasonavaria-
bility was observed in the muscle tissue of
Serrasalmughombeus(Piranha)collected during
thedry andrainy seasonatthe Madeirariver basin.
A comparisonof meansusing Student’s t-test
showedthat mean MeHg for on dry and ra|ny
seasong0.69+ 0.32and0.56+ 0.27mg kg~ * wet
wt) presentecho significantdifference (t = 0.764;
P > 0.23).

In general,concentration®f MeHg in carnivor-
ousfish werehigherin placescloseto goldmining
activity (Table2), suchasm theMadeirariver basin
(0.57+ 0.24mgkg* wetwt) andtheTapaJcsrlver
basinnear ltaituba city (0.81+ 0.35mg kg~ * wet
wi).

Ratiosof MeHg to total mercuryin carnivorous

Copyright© 1999JohnWiley & Sons,Ltd.

fish werehigherin non-impactedareassuchasthe
Negro river basin (97%), the Balbina reservoir
(97%), the Bento Gomesriver (97%) and the
Fazenddpirangalake (96%). Theseareasusually
presentedlow amountsof suspendedarticulate
materials>*2’

Thesehigh mean concentrationsand low per-
centage®f MeHg in fish from the Madeiraandthe
middleof the Tapaja (Itaituba)river basing91and
84%) may be due, in part, to the influence of
goldmining activities near their systems.Further-
more, the Madeirariver basinis consideredthe
mostmineralizedriver from the Brazilian Amazon
andpresentﬂmgh amountf suspendegarticulate
materialstt

Two carnivorousfishcollectedalongthe Tapaje
river basin (Ciclha sp. and Plagioscion sp.)
presented distinctvariationin mercuryandMeHg
concentrationalongthe samplingareasshowinga
decreasingatternfrom the middle of the river to
further downstreamThe meanmethylmercuryfor
Ciclhasp. andPIag|OSC|onsp was0.99+ 0.33and
0.63+0.31mg kg ' wet wt at ltaituba and
0.18+0.11 and 0.11+ 0.03mg kg™t wet wt at
Santafen. This observatiormayreflectthepossible
influenceof the hlghermercurydlschargesn the
middle reachef the Tapaja river.® The Tapajs
river basin,which hasbeenprospectediuring the
last30 years,is consideredh majorgold-producing
areain Brazil.

The high meanMeHg concentratiorandpercen-
tage of MeHg in carnivorousfish sampledat the
Negro river (0.61+0.28mg kg ' wet wt and
97%), which have small local goldmining opera-
tions, may reflecta naturalbackgrounddf mercury
presentin the Negro ampllfled by its unique
biogeochemicatharacteristicé® The Negro river
hasa high densityof podsolsin its drainagebasin,
which results in high dissolved organic carbon
(DOC) concentrationsand a high capacity for
complexationand transportof mercury. |t is also
extremely low in pH and conductmty, which
favoursthe methylationof mercury®®

Mercury and methylmercury levels in fish
samples,which were collected from one gold-
mining areain the vicinity of the Manu National
Park(Peru—Amazonb)orderswereh|gh andranged
from 0.051to 1.54mg kg wet wt. The ratio of
MeHg to total mercury in fish muscle was 61—
97%:

Freshwaterfish from areas consideredto be
unpolluted (without any anthropogenicmercury
point sourcelnEut) usuaIL}/ havelevelslower than
0.20ug Hg g~ wet wt.“® The Balbina reservoir,

Appl. OrganometalChem.13, 689-696(1999)
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Table 3 Variability of methylmercuryandtotal mercuryin muscletissuesof carnivoroudfish species

EnvironmentalCV?,

EnvironmentalCV?,

Area Fishspecies MeHg (%) Difference (%) Total Hg (%)
Balbina S.rhombeus 67 0 67
Ciclha sp. 63 +5 60
Madeira S.rhombeus 62 +24 50
Ciclha sp. 45 0 45
Hydrolycussp. 27 +35 20
Negro S.rhombeus 53 -2 54
Ciclha sp. 16 -33 24
Hydrolycussp. 53 -2 54
Pantanal H. malabaricus 23 -8 25
A. brevifilis 20 0 20
S.rhombeus 63 0 63
(BentoGomesriver)
S.rhombeus 34 +9 31
(Fazenddpirangalake)
Tapaje Ciclha sp. 33 0 33
(Itaituba)
Plagioscionsp. 48 —4 50
(Itaituba)
Ciclha sp. 23 -8 24
(Santarem)
Plagioscionsp. 23 -8 24
(Santafen)

2 CV, standarddeviation/mearconcentration.

which has no known goldmining activity in its
watershedpresenteca mean methylmercurycon-
centration(N = 32) of 0.24+ 0.18mg kg~ wetwt
in all fish species(Table 2). Of these, 13 fish
samplesanalysed(40%) presented\/IeHg concen-
trationshigherthan0.20mg kg™t wetwt. Further-
more, carnivorous species of fish, which
representeds9% of the fish sampled,showeda
mean methylmercury concentration  of
0.32+0.25mg kg ! wet wt. Tucunare (Ciclha
sp.) seemedto be good indicator species for
mercury pollution in the Balbina reservoir. This
carnivorousspeciespresenteca mean methylmer—
cury concentratiorof 0.24+ 0.16mg kg~* wet wt
(N=17).

One of the parameterswhich may affect the
mercuryconcentratiorin Balbinafish is the ageof
the reservoir, which was filled in 1989. Fish of
newly impoundedreservoirsin the USA, Canada
andFinland,with a high organicmattercontentin
the water presentedan elevatedmercury concen-
tration>”® In new reservoirs,the mercury load
introduced originated from inundated soil and
vegetation Moreover,additionof organicmaterial
in water, associatedwith enhanced bacterial
activity, is known to increase methylation of
mercury,which then may favour bioaccumulation

Copyright© 1999JohnWiley & Sons,Ltd.

of methylmercuryin fish.23° The Atmospheric
depositionis expectedto be small and, together
with soil leaching s themainmercurysourceo the
Balbinawatershed.

In a new hydroelectricreservoir,at Tucuruion
the Brazilian Amazon, (situatedabout110km to
thenorth-easbf the SerraPeladagoldminingarea),
all carnivorousfish presentedhigh mercury con-
centratlonsand the mean mercury content was
1.30mgkg twetwt (N=121)1 Tucunare(Cchha
temensiy and pescada(Plagioscion squamosissi-
mug seemedto be good indicator spemesfor
mercurypollution in the Tucurtireservoir-*

The carnivorousfish samplesfrom the Bento
Gomesriver andthe Fazendapirangalake at the
Pantanalwatershedswhich presentedvery low
MeHg concentrationscanbe consideredasnatural
background(<0.20mg kg~! wet wt®9). At the
Pantanal watershed, high biological production
might allow a large dilution capacity for any
mercury presentin the drainage.Also, mercury
exported associatedwith suspendedparticles is
efficiently trapped by the various flood plains,
swampsandlakespresenin thedrainagesyste

Occurrenceof mercuryin fish in areasfar from
goldmining centres in the Amazon may be
associatedwith deforestationdue to burning of

Appl. OrganometalChem.13, 689-696(1999)
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clearedvegetationand releasesof mercury con-
tainedin planttissues:* The levels of mercuryin
aguatic systemsare also influencedby terrestrial
systemsLeachingof mineralsfrom the soil aswell
assoil erosionmay constituteimportantsourceof
mercuryfor Amazonecosystem$.Otherwise fish
migration actsas a dispersalagentsfor pollutants
along the river basins and could explain the
presenceof high mercurylevelsin fish in rivers
neverexposedo goldmining.

At the Madeira river no significant difference
wasobservedetweemrmeanpercentagesf MeHg
relative to total mercury in carnivorousspecies
(93%)andomnivorousspecie92.5%)(t,; =2.173
and P > 0.05). Omnivorousspecieshad a mean
MeHg percentagesignificantly higher than detriti-
vorousspecieg76.7%,t;4,=3.761andP < 0.001).
Otherwise, in the Negro river, a significant
differencewasobservedetweermeanpercentages
of MeHg of carnivorous species (98.6%) and
detritivorous species (77.6%) (t3;=2.142 and
P < 0.02).No significantdifference(t,g = 0.1568,
P > 0.50) in the mean percentagesof MeHg
relative to total mercury was observedbetween
carnivorous and omnivorous species from the
Balbina reservoir(97.3%for carnivorousspecies,
and 96.4%for omnivorousspecies).

We observeda tendencyfor increasedMeHg
concentratiorwith fishweightin somecarnivorous
fish, suchasCichla sp.(tucunafé andSerrasalmus
rhombeugpiranha).The bodyweightof Cichlasp.
(tucunafé sampledfrom the Madeira(N =8) and
Tapaje (ltaituba) (N =5) river basinscorrelated
significantly with MeHg concentrationgr =0.75
and0.88; P <0.5) andthis relationshipwaslinear.
With the samefish speciesfrom the Negro river
(N =5)andfromtheBalbinareservoirN = 17),fish
body weight did not presentgood correlationwith
MeHg concentratiorn(r = 0.34and0.39; P < 0.5).

Analysis of variance and Tukey's multiple
comparisorprocedureshowedthat MeHg concen-
trationsin the muscleof Cichla sp.(tucunafg from
the Madeira, Negro, Tapaje river basinsand the
Balbinareservoirpresented significantdifference
(F=12.583;P=2x 10°9).

Tukey’s multiple comparisorprocedureshowed
that MeHg concentrationsof tucunafefrom the
Tapaje river basin (ltaituba) were significantly
higher than those from other areassuch as the
Madeira, Negro and Tapaje (Santafen) river
basinsandthe Balbinareservoir(P < 0.05).MeHg
concentrationf tucunafefrom the Madeiraand
Negro river basinswere similar and significantly
higher than from the Balbina reservoir and the

Copyright © 1999JohnWiley & Sons,Ltd.

Tapaje river basinnear Santafen city. Tucunafe
samplegrom the Balbinareservoirandthe Tapajes
river basin (Santaren) presentedsimilar MeHg
levels.

Analysis of variance and Tukey's multiple
comparisorprocedureverified that MeHg concen-
trations in the muscle of Serrasalmusrthombeus
(piranha)from the MadeiraandNegroriver basins,
the Bento Gomesriver and the Balbina reservoir
presenteda significant difference (F=11.7863;
P=6.1x 107).

Tukey’s multiple comparisorprocedureshowed
that MeHg concentrationsof piranha from the
Bento Gomesriver were significantly lower than
thesefrom other areassuch as the Madeira and
Negro river basins and the Balbina reservoir
(P < 0.05). MeHg concentrationsin piranhain
the MadeiraandNegroriver basinsandthe Balbina
reservoirweresimilar.

In general,the percentagdifferencesbetween
the environmental coefficients of variation of
MeHg comparedwith total mercuryfor fish species
samplegresentegositive and high variability on
samplingsitescloseto goldminingactivity, suchas
observed for Serrasalmus rhombeus (piranha)
(+24%) and Hydrolycus sp (peixe cachorro)
(+35%) from the Madeira river (Table 3). The
Madeirariver basinis a typical white-waterarea
with a high suspendegarticlescontentand with
highbiologicalproductivity,whichmaygiveriseto
a largedilution capacityfor mercurypresentn its
drainagesystemand a consequenincreasein the
percentagef environmentalvariation coefficients
relative to total mercury for the different fish
speciessamples.The percentagedifference be-
tweentheenvironmentatoefficientsof variationof
MeHg and total mercury for fish speciessamples
wasnegativeandhigh in non-impactedareassuch
as the Negro river basin. Ciclha sp. (tucunafe
collectedat the Negro river presenteda negative
difference of 33%. The Negro river basinis a
typical black-waterarea with a high density of
hydromorphicpodsoilsin its drainagebasin,hi%h
organicmattercontentin the waterandlow pH.*®
This combinationof environmentafactorsandlow
productivity may result on a decreasein the
percentagef environmentalvariation coefficients
of MeHg to total mercury in the different fish
speciessamples.
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