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Atmospheric mercury deposition over
Brazil during the past 30,000 years

Lurz D. LacErDA!, MARIC G. RIBEIRO,
Renato C. CORDEIRD‘ ARDEL STFEDDINEY?, BRUNO TURCQ

"Depa) taments de Geogquimica, Universidade Federal Fluminense, erer of, RJ 24020-007, Brazif and
I)rsr:mre de Recherche pour Le Deve.:’appemenf Bondy, France '

_ Atmusphenc Hg deposition over Brazil is presented for the past 30, 800 years as a tracer of

the different natural and anthropogenic processes affecting the atmospheric environment of
Brazil. Durl_ng most of the prekistoric period, atmospheric deposition rates were rather

" constant with an average of about 2 pg m? yr'. Peak deposition, ranging from 4 to 6 ug m?

yr, occitrred at least during two periods between 3,300 and 3,600 BP and between 8,500 to
12,000 BP, and during the last glacial maximum (LGM), at about 18,000 years BR. These
perigds were characterized by drier, colder climates with high frequency of forest fires; as
shown by corrﬂlatmn with ceal and pollen distribution data. During the colonial period Hg
atmospheric deposition raies were much higher, about four times the prehistoric background
and reached 6 to 8 pg m™ yr. These increasing Hg deposition rates can only be explained by
the large Hg emissious in South and Central America from Spanish silver mines, which
emitted to the continent’s environment about 200,000 tons of Hg from 1580 to 1820. During
the present century, Hg deposition rates varied according to the region of the country. In the
Amazon region, where gold mining is the major source of Hg emission to the atmosphere,
deposition rates increased continuously during the last 40 years, reaching $ to 10 pg m™ yr
. In the industrialized Southeast, Hg deposition was higher during the mid 1960s and 1970s,
ranging from 80 to 130 pg m? yr, but decreased to 26 to 30 pg m® yr' in the 1990s, due to -
the enforcement of emission control policies. However, where Hg emissions are mostly
from urban, nonpoint sources, such as along the high urbanized coastal area, Hg deposition,
although smaller, increased ,steadily from the 1940s reaching a maximum at surface sedi-
ment layers of about 40.0 pg m™ yr'. The results presented suggest Hg as a reliable tracer of

" natural (paleoclimatic changes) and anthropooemc (industrial and mining emissions) pro-

cesses able to affect the atmosphere in Brazil.

Foram estimadas as taxas de deposigdo atmosfirica d’e Hg sobre &
Brasil, durante os gltimo: 30.000 anos. As estimativas foram utilizados
=] .rrag:a._dores de processos nolurals e antropogénmicos gue ajetaram
e afetam o ambiente atmosférico no pais. Durante a maior parte do
perioda” pré-histévico, a deposigdo atmosférica de Hg foi bastanie
constante, variando em torno de 3 pg w? wr'. Dois picos de deporicdo

ocorreram em periodes secos, caracterizados por maior Jregiiéncia de
incéndios flerestals, entre 3.300 e 5.600 BF e entre 8.500 ¢ 12.000 BF,
¢ deranie o iltimo mdxima glacial, por volta de 18.000 aros BP.
Nezses periodos as deposigfes variaram de 4 10 6 pg ' yr”. Durantz o
perfode colonial a deposigdo anmogferica de By aumenton em aré 4
vezes em relogao & deposicde pré-historica, atingindo cerca de ¢ab
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ug m? prié 'Esie qumento 56 pode sor explicado pela imensg emisséo de
Hg feerca de 200.000 toneladas) oriunda da mineragdo de prata nas
Amiérica do Sul e Centrol pelos espanhdis, entre 1380 e 1820 Durante
o presente zéenlo, a deposipdo de Hyg varior de acorde com a regido
amosirada. Na Amozénta, onde a principal fonte de Hg € o garimpe de
ourp, o deposicdo awmentow progresstvamente dirante os dlitmos 40
anes atinginde § Io 10 pg He w¥ ', Na industrializada regido sudeste,
as deposighes atingivam wm méxime nos anos 1960 & 1970, variando
de 8¢ w0 130 pg m? 397, mas decresceram para valores em torno de 20

a 30 pg m yr7 nos anos 1990, em razdo de um controle mais gfetive
das emissSes industriais. Em dreas onde a5 emisses de Hg sfo devidas
i fontes urbanas, nio-pontuals, emretanta, a deposipéo de Hy, embora
menor gue na drea sob influéncig industrial, aumenton pragressivomentle
a partir dos anos 1940, atinginde um mdximo na superficie dos
sedmentos em torno de 40 ug m? yre. O resuliados amuf apresentados
sugerem ¢ Hg como um tragador confidvel de processos maturais
{mudancas paleocliméricas) ¢ antropogénicos (industriah=agdo &
mineraco), capazes de aférar a armosfera no Brasil.

ercury is a typical glabal scale contaminant, due .

to the dominance of the atmospheric transport,

and the long residence time of this element in

e atmosphere. Atmospheric deposition of Hg

lras demonstrated its potential to assess the impacts of nata-
ral and anthropogenic processes activities on the global Hg

cyeling (1,2,3). Atmospheric deposition of Hg is akey stepin .

the biogeochemical cycle of this element, due to the domi-

nant tole of gaseous Hg species. Atmospberic deposition

‘rates are linked to soil Hg concentrations (4), comncentrations
in remote lake waters and sediments (5), and the Hg content
in freshwater (6) and marive fish (7). Thus estimating atmo-

" spheric Hg deposition rates and their variability, is funda-.

mental to model Hg tra.nspozt and acciumulation in Lhe envi- .

rontnent.
Surveys on He coaz:enixatlons in lake and peat bog
sediment and ice cores have shown significant changes in

prehistoric deposition rates during glacial perieds, due to. -
.changes in aridity and temperatures, and consequent

 changes o soil cover (1,2,8). Tn historic times, deposition
rates have shown an increase in concenirations relative to
background values in many parts of the world, in particular

because of mining operations (9). Most sigrificant changes, -

- however, acomred during the past 60 to 80 years, due to
industrializasion (3,10,11). . '

) Estimates of the authropogcmc dcposmon of Hg o
North America and Europe dursing the present century .

showed increasing deposition rates, with a peak of maxi-
mum deposition occurring in the 19603 and 1970s. More
recently a relative decrease in deposition rates is observed,
due fo emission contrel policies implemented in the indus-
trialized nations in the last two decades (11,12,13). In gen-
eral, preindustrial atmospheric Hg depositionin remote ar-
eas of the northern hemisphere ranges from 5 to 10 pg m
yr, whereas preseni-day rates range from 1010 25 pg m?
v, although during the peak dep051t10n i the 1960s and
1970s it reached over 100.ng m? yr' {5,11,14). Up to now,
bowever, no consistent data are available for Sotith America,
potwithstanding its significant anthropogenic Hg contri-
bution to the atmosphere, in particular from Brazii, the
lazgest and most mdusmahzed country of this subconti-
nent.

Natural emissions of Hg in Brazil are most probably
very small, since no volcanoes or significant Hg ore de-
posits exist in the country. Therefore, natural emissions
are solely from revolatilization of deposited Hg from soils
and waters, from long-range atmospheric transport. This
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reemission of deposited Hg is highly influenced by cli-
malic changes and changes in fand use (1,2,15,16).
Anthropogenic emissions of Hg in Brazil are due to the
accelerated industrialization of the country after the Sec-
ond Wortd War, particularly in the southeast. More recently,

- large amounts of Hg are being emitted into the Amazon re-

gion due to gold mining, but most of the resultant atmo-
spheric deposition is believed to occur in the Amazon re-

gion itself (17,18} Monitoring data from local environmen- - -

tal agencies and 2 few academic studies, ‘have detected a
decrease in Hg concentrations in fish and estuarine sedi-
ments in localized, highly polluted areas in the southeast,
gerlerally believed to reflect the nmplementation of recent
emission control polices. However, bulk atmospheric depo-

sition data in these areas still show relam'ely]arge numbers '
> 70pgm?yrt) (19). a

Changes in atmosplienc Hg deposition rates are both
due to natural and anthropogenic causes. Among the natus
tal causes, climatic changes, volcanic emissions, and chang-

- ing the vegetation cover are the major factors affecting depo-
sition tates (2,20). Among the anthropogenic causes, min- .~
‘ing and indnsirialization, and further emission control poli-

cies, changes in soil uses and technological changes, are

" among the most important controllers of deposition rates
" (3,9,15,16, 18,21,22). Therefore the study of atmospheric Hg

deposttion rates through timee, may also be used as a tracer

. of natural and husman introduced changes affecting the at- .

maspheric envirorment of a given region. In this context,
we present here the first estimates of atmosphenc Hg depo-
sition. over Brazil during the past 30,000 years, in oxder to
characterize the different sources of Hg emigsion variability
during this peried, and comparing with similar hlstonca.l data
from the northern” hemzsphere .

Recording past atmospheric Hg déposition

Past atmospheric Hg deposition rates iay be recorded in
tree rings, peat bog deposits and lake sediments. These
compartments may be used according to the objectives ofa
given research. Tree rings are accurate in temperate climates,
but difficult to vse in the tropics. .Also, since trees bave a
relatively short lifespan, records are restricted to times of
decades to a few centuries. Ombrotrophic bogs, thase re-
ceiving water and maferials only from the atmesphere; can,
record deposition over thousands of years (2,23,24). How-
ever, water table variation may cause postdepositional move-
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ment of Hg (24). Also, the fast growing rate of peat, makes
the sampling of long cores, frequently many meters long
necessary, in order to record prehistorical deposition, which
may prove to be of difficuit logistics. Lake sediment cores
are in general the casiest way of recording past atmospheric
Hg deposition. However, some characteristics must be
achieved in order to fully interpret results from this type of
samples. Proper environments for recording past atmo-
spheric deposition rates, are those where the basin area to
lake surface ratio is véry small, as in beadwater lakes, thus
decreasing the importance of input from basins, which may
be of only local scale. Lakes are to be located in remote
sites, in order to avoid direct inpuis of trace metals from
point sources. Such groups of lakes are not frequent In
general the remoteness of the site créates additional logis-

tic problems (23,24). Also, with ths described above charac- -

© teristics, these groups of lakes characteristically show very

low sedimentation rates, of the order of 0.1 t0 0.01 e 1™,

decreasing ‘the temporal resolution obtained. from cores.
Notwithstanding this, remote headwater lakes scdxment cotes
are the best material to analyze past deposition rates of Hg,
Taking the above considerations into account; we stud-
ied five lakes, three in the Amazon region and two in the

southeast: (Fig.1) (25), wh.u:h prcsemed most of the above
characteristics aflowing the: interpretation of dcposxtzon rates

- based on careful Hg analys:s (26) and dating of sedlment
corcs 2 7) .

Atmospheric Hg deposition over southeastern
Brazil during the present century

Mercury deposition rates from Itatiaia and Jaconé cores are
presented in Figure 2. At Itatiaia, Hg deposition rates ranged
from a relatively constant value, of 36 £ 4 pg m? yr', fiom

© 1910 to 1940, increased thereafter following the industrial-

ization of the Paratba do Sul river valley, and reached a maxi-
mum deposition peak of approximately 120 pg m? yr' inthe
1960s, Hg deposition decreased from the late 1970s to the

_ present, to values ranging from 15 to 30 pg m? yr', at the

top of the core. This decrease probably results from emis-

_ sion control measurements implemented by that time, in par-
. ticular the banning of Hg-containing agrochemicals and
changing chlor-alkali production plant technology, which

has significantly reduced industrial Hg emissions in Brazil -
(21,28,29). The 5 to 6-fold decrease in Hg deposition rates -
observed i in the superficiai sediments of Itatiaia lake, com-
pares w el with the estimated decrease in industrial Hg emis-
sions from about 150 tonis in 1979, to approximately 30 tons
in 1995 (17,21,28). This decrease is also in agreement with
decreasing Hg concentrations observed in, frcshwater fish -
from Sdo Paulo state rivers (18). ]
The temporalvariation in Hg deposition rates observed
in the Ttatiaia cores is similar to these reported in different
industrial regions of the northem hemisphere, which also

‘ reported peak deposition occurring in the 19605 or 1970s

(30,31). Also, péak depositions in - -
the [tatiaia lake compare well with
those reported for remote }akes in . -
| Midvwest USA (5) and with the av-
.erage of 135 pg nrtyr'Hg deposi-
tion estiniated for the Great Lakes
(31). Howevei, preindustrial Hg
% depositions are from 3 to 6 times
higher than those reported from re-
4 mofe areas in the northern hemi-
' sPHeze ‘which range from 56 10 pg
mEyrt (3,11). Exmssmns from gold .
and silver mining du:n:ng the previ- .
ous three cenfaries, which amonnted. '
to nearly 200, 000 tons in. Latin
America, with an average annual .
emussions of 316 tons (3}, may have
influenced the' magnitude - of -
preindustrial Hg deposition ob-
served in the Itatiaia mountains,
Prelimipary evidence of the influ-
ence of the colonial mining on Hg -
_deposition Tates iz South Anderica,
. has already been reported, at least
for the Amazon region (18). :
Alternatively, atmospheric Hg -
deposition in many regions of the
# northern hemisphere started to in-
© crease by 1850 and was relatively
high from 1900 to 1940, frequently

thure L Map showma Iocanon of Ihe studied lakes in Brazil
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reaching deposition rates higher than
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Figure 2. Mercury deposition rate disiribution along sedinent cores frem southeastern Brazil,
at Jtutioia mountains, SW Rio de Janairo and Jeconé lagoon, SE zoast of Rio de Janeiro. Data
are average values of two réplicates from iwo cores, I -

366 « Cléncia € Cultura Journat of the Brazilian Association for the Advancement of Science

30 pg m3 3! (5) and even surpassing
100 pg m? y* (10,11). Therefore, some
Hg from the northern hemisphere in-
dnstrial revolution may have eventn-
ally reached the southern hemisphere,
in a mannet similar to Pb ocourrence in
the Antarctic and Arctic ice cores
(32,33). Unfortunately, the scarcity of
data does not allow further discussion
and better coring is needed to further
discuss preindustrial atmospheric Hg
deposition in the region, but transhe-
misphere transport of Hg and/or influ- -

ence of colonial gold and silver mining |

cannot be reled out. - _
Present-day average attnospheric
Hg deposition measured in the Itatiaia
mountzins (15-30 pg m* y'?), however,
are simtilar to recent average deposi-
tion rates reported for North America
(12,14,31,34) and from northern Earope”
(11,35,36,37), which ranges from 9 to
30 ug m yrt {Table 1). Considering the -
area affected by the industrial; emis-
sions; these deposition rates are-in
agreement with emissions from indus-

‘trial sources in southeastern Brazil

(17},-although being much lower than
those measured i areas receiving di-
rect atmospheric effluents from indus- .
trial sources in this region of Brazil,
which reach up o 76 pgm* yri (19).
' Jacone lagoon presented a differ- .~
ent Hg depasition rate pattern than
Ttatiaia. Like in Hatiaia, Hg deposition -
rates were constant and lower from the
carly 1900s to'the 1930s, ranging from -
14 to 23 pg m? yr'. After this period
however, deposition rates started to
present a significant increase from the
19403, and showed a peak of maximum .
deposition of about 34 pg m* yr* dur-
ing the 1970s. However, contrary (o thie
industry influenced Jtatiaia site, depo- . |
sition rates continue 1o incréase in -
more recent sediments, reaching a maxi-
mum at the surface layer of the core,,
corresponding to about 3¢ pg m? yrl,
in the late 1990s. Major sources of Hg

" in this lagoon is from nonpoint sources,

mostly of urban origin. There are no
industrial sources of Hg in the vicini-
‘ties of Jaconé lagoon..It has beer
shown (38) that Hg concentrations in
the coastal lagoons of Rio de JTaneiro,
inchuding Faconé; are directly related
to inputs from metrepolitan aress,
which have witnessed an enormous
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growth during the last two decades. Control policies to
reduce heavy metal pollation, including Hg. in Brazil have
been applied only for industrial peint sources. Urban,
nonpoint sources of trace mefals have been totally ne-
glected by enavironmental authorities, resulting in a.con-
inuous increase im their emissions (17,21,28), This may
explain the contrasting behavior of the two areas. In
Sepetiba bay, also affected by metropolitan development,
the same pattern has been reported with increasing Hg

deposition in recent years due to nonpoint sources (19).

1

Atmospheric Hg deposition over
northern Brazil during prehistoric times

The results from the Jake cores from Maranhdo state

" . and $io Gabriel da Cachoeira (Fig. 3) present some dif-
. ficulties of interpretation. The very small sedimentation
* . xates observed in the lakes result in poor temporal reso-

tation in most cores, which hampers the interpretation
of Hg deposition rates during the past 1,000 years for

¢ the majority of the cores sampled. However, a good -

evaluation of Hg deposition during the period between

> 1,000 to 30,000 years BP can be drawn. Figure 3 shows
Hg deposition in the three areas during the Holecene, .

between 30,000 and 3,000 years BP. Deposition rates are

- rather constant regardless of the area studied. The three

regions (Carajas; Sio Gabriel da Cachoeira and
Maraphio) presenied average Hg deposition ranging be-

tween 1.7.and 2.6 pg m?yr', and this is, most probably,

Figare 3. Mercitry deposition rate distributton along sediment cores from there different regions. of tlie Amazon region from 1,000 io 30.000

BF. Average of two samples from each area.
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the background deposition for the entire Amazon re-
gion. Interesting to note is that these values are from
two to four times lower than the reported deposition in
the northern hemisphere during the same peried (2).
Large land masses relative to sea and larger Hg depos-

its in the northern hemisphere relative to the southern

hemisphere probably explain these resuits.
During the prehistoric period covered by the cores,
peaks of Hg deposition rates, ranging from 4.0 10 6.0 pg Hg

‘m* yr!, occurred at least during two periods between 3,300

and 3,600 BP, at the Maranhdo site, and between 8,500 to
12,000 BF. and during the Last glacial maximum (LGM), at
about 18,000 years BP, at the Sdo Gabriel da Cachesira
sites. These periods were characterized by drier, colder
climates with higher frequency of forest fires, as shown by
coal and pollen distribution data (39-43). Forest fires are

an important source of He in the atmosphere in the Ama- - a

zon region, due to enhanced reemission of deposited Hg,
because of increasing albedo and microclimate at soil level,

as well a3 by volatilizing Hg present in the biomass itself |
(15,16,22,44). Also, black carbon ashes may nucleate and
reduce He residence time in the atmosphere, increasing its

" deposition (8,45} A good correlation between black car-

bon disirivution and Hg deposition rates was oblained, at-

* least for the Maranbdo.cores. Although still based on very
-few studies; increase in Hg deposition during dry periods

in the Holocene has been reported, at least for Europe (2) -

"and Aniarctica (1). More consistent data from cores are
nceded to test for similarities among the different regions
in the Braziliap Amazon, - R

i {LL21E i bl 2
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Atmospheric Hg deposition over
northern Brazil during the past 1,000 years

Figure 4 shows Hg deposition rate distribution in a sediment
cote from Lake CSN93.3, in the Carajas mountains (39), the
only core reirieved intact at 20 cm of depth, with sedimenta-
tion rates high enough for providing good temporal resolu-~
tion. Recent estimates of Hg emissions from Spanish silver
mines in colonial America (9) are also shown.

.- Comparing He distribution in Lake CSN93.3 with the
estimated Hg emissions from the Spanish silver mines, the

two curves match well Mercury deposition in the profife in-

creases from assumed background values, ranging from 0.7

- 102.6 pg m? yr'before 1600 AD, similar to the prehistorical

background values discussed above, to about 7.0 to 9.0 pg
- yrt from 1700 to 1840, when the Jargest annual cmdsstons
of Hg from Spanish colonjal silver mines occurred. Silver min-
ing in South and Central America between AD 1580 to 1900
resulted ioran average annual loss of Hg of 612 tons (with a

. Tange from 292 to 1,085 tons yx!) and totaled abovt 196,000 -
* tons, whereas the total amount of Hg emitted to the environ- .
ment in North America during last century’s gold rush is re--.

ported fo be 61,380 tons (9). Present-day gold miningin South

America emits néarly 300 tons yr', and totaled nearly 4‘,000 .

tons during e past 30 years (21). - .
Figure 5 shows estimated Hg deposition rates and sedi-

. it characteristics which may affect Hg distribution in Lake
CEN93.3. Sedument is mostly composed of organic matter (Org--
€= 46%) deposited under a constant and low regime atarate

... Enuirovment and Biodiversity. ... ...

0£0.03 cm yr!. Since the lakes have very small basins and no
fluvial inputs, Hg deposition is mostly from the atmosphere.
No relationship between distribution of fluxes of organic.
matter, chlorophyll denivatives and charcoal particles in the
core, and Hg deposition rates was shown, strongly suggest-
ing that variations in Hg deposition is due to variation in Hg
inputs into the lake, rather than to recycling. Also, natural
events, such as periods of more intense biomass burning,
represented by the flux of charcoal particles, which seemed
to have affected Hg deposition during the Holocene, or change
in lake productivity, as indicated by organic matter and chlo-
rophyll derivative fluxes, have no effect on Hg distribution.
Therefore, we may assume that any Hg variability in the core
i due to anthropogenic input (46). B
Natural and man-made emissions into the atmosphere
likely enter the global cycle if they are in the form of Hg(0),

" but deposit locally or regionally if they are oxidized (Hg{))

(30), since from 65 to 85% of Hg emissions from gold and
. stlver mining enter the atmosphere as Hg(0) — vapor (47).
"Enmissions from the Spanish silver mines and lately the present

" Amazon gold rush are likely to reach at least a regional scale

 and may easily reach the entire Amazon basin (38). The small
sedimentation rates of this Carajas lake, represent all present
century Hg emissions, i.e. industrial and from gold mining, at

'- -the top-3 cm of the core. At this depth, Hg deposition ranges
.. from 9 to 11 pg m? yr’, and this may be considered to be the . -

present deposition for remote Amazen areas. Although this
value 15 closé to those observed m remote areas of the north- -
‘ern hemisphere, it is from 3 ta 6 times higher than the local

Ak T
LI ey
) Lo

Figure 4. Mercury deposition rate distribu-
ton in sediment cares jrom Lake CSN93.3,
a1 Carajés mountain, P4, compared o
mercury Consumption rates in Spianish co- .
lomial siiver mines in Cenirel and South
America during the past three centuries.
Modified from {9).
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' Prehistoric deposition of Hg over the Amazon, is somewhat
, populanon S ; _ [

Enviroument and Biodfversity .
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 Figure 5. Mercury deposition rates dzsmbua’rou fir lug wi W" ("'} in

sediment cores from Lake CSN93.3, at Carajas mouniain, B4, com-
pared io depositian rates of or_ga}mc matier in kg m? yrt (¢), of
chiomp-‘m’f derivatives in SPDU dm* yr' (L), and charcoal particles

" te 10° o yr‘ (®).

background, as shown for the prehistoric rates presénted' in
Figure 3. However, since only one intact core was obtained,

our resalts should be taken as prelintinary, but since no other -

Hg source in South America is known from this period, we
conclude that the variations found between 1600 AD 1o the

beglnmng of the present century ae, most probabiy, c[uc to,

the colonial s:lver mlnes

'‘Comparing Hg -depositiqnl in Brazil

lower than the values réported for the northern hemisphere
{see Table 1), and aldo shown 1o be influenced by regional
paleoclimatic changes. The mechanism involved, however,
may inclode changes in vegetation cover and forest fires,
rather than simply changes in overall temperature. Mercury
deposition during the past millenium, notwithstanding the
few results evaluated, seems o be strongly influenced by

volume 53(5/6) + SeplemberDacember 1998
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colonial mining activities, Presently, although with deposi-
tion rales similar to those reported for other rémote areas in
the norihern hemisphere, the estimated Hg deposition rates
are several times higher than the region’s prehistoric back-
ground, suggesting the lmportance of anthropogenic sources
even in such remote environments,

- Atmospheric mercury deposition measured in industrial-
ized Brazil, based on the cores collected at Itatiaia Mountais,
provides a similar figure for South AmeTica as those in North
America and Europe, with values showing a signiﬁ::ant de-
crease afier the 1970s peak, in response to specific emission
contrel measurements implemented in the last 15 years, as
shov in Table 1. Whea compared to areas affected by utban-
ization rather tham by industrial deveiopment, although the
two distribution trends showed simitar peaks of aximum depo-
sition and similar deposition during thebeginning of the present

* century, they were completely different regarding the present )
depomﬁo:u pattern. No significant decrease in Hg deposition

was verified in the urban infivenced area. Dlﬁerent sonurce cat-

- egories of Hg for the two areas (point industrial sources ver-
SaS NONPoIng urban sources) caused different deposition’ pat-

. terns, particniatly during the last 2 decades. This highlights

the imporiance of nonpoint sources of Hg as.compared with

industrial sources during the past 20 years, and reflects the : .’
effectiveness of conitrel policies for industries, emphasizing
the necessity of control policies for nonpoint sources of Hg.- -

- On the other hand, more data are needed to explain the refa- -

tively high preindustrial (before 1240} Hg deposition reported
for southem Brazil. RBoth, the cofonial silver and gold mining

~ and the earlier industrial revolation in the Borthem hexmsphere

may prove to have influenced this deposition.
- A final interesting analogy can be traced .re:ga.tding the
economic development of Brazil. Economists of the 1930s

-used the expression Bel-India, to characterize the unequal

economic growth distribution between the industrialized
south and sontheast and the underdeveloped north and
northeast regions of the country. The results presented on
Hg deposition rafes, cleatly categorized the country into two
different regions based on poiiution sorces and characteris-
tics, In the industrialized smr_heast Hg emissions are mostly
of industrial origin, and following the saie trend observed in
industrialized nations, these sources bave been submitted to
an effective conirol, resulting in a strong reduction in emis-
stofis, as verified by the Tatiaia mountain results, On the
other hand, increasing urbanization of the coast, resulted in. .
increasing eraission from nonpoint urban sources, as shown
by the data from the Jaconé lagoon. In conu'ast, the north

" region, presents increasing Hg deposifion as a result of in-

creasing emission from an dctivity characterized by low tech-

- nological investment, such as artisanal gold muming, and di-

rectty linked to the socmeconormc problems of the region’s
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_ The main advaniage of 1he Amazonian lakes s their low clastic
input from restricted basins which results in slow organic sedi-

_ mentation and Hg concentrations reach measurable values. On

" the other hand low sedimentation make an absolute chronology
‘difficult. Short halflife radionuclides cannot be used and »C is
the only way to.correlate sediment depth Vith time using calibra-
tion curves (41,42} It has been recently showsn that these cali-
bration cucves fermerly established £or the northern hemisphere

- ¢an be uwsed in the southern hamisphere (42). These curves are
aol completely linear and 1w partienlar sbow marked irregulaci-
ties for the past 310 years. However, all Amazonian lakes studied
uptil now presented a vory constant sedimentation rate

(41,42.43). Micrascopic observations also revealed good preser- .

- vation of thin horizontal layers mdicating that vertical mixing s
of little importance (42). Constant sediment characteristics and
sedimentation rate counterbalance the uncestminties of MC cali-

- bration curves for the last 310 years, considering the whole set of

- dating for each core for the last 1,500 years. To avoid compac-
tion influences, chronologies where ¢iaborated by linear exirepo-

. lation based on constant accumulation rate (g cm yrly rather .
" thap sedimentation rate (cm yr*). Regarding the upper 30 cm, :
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correlation coefficients for these curves were = 0.997 for all

“Jukes corés. A twin core collected from Lake CSN93.3 (Lake

- C8N93.4) gave exactly the same radiofarbon results'as that from
the core where He was -mal}'zed {3%). Dating of sediment cores
using. *C concentration is, unfortupately, not the best for the

recent past.. In particular for those fakes in Maranhio and $io |

Gabriel da Cachoeira, where sedimentabion rates are very low. As

a result, ‘acinal dates presented may vary. at least 100 years for -
these lakes. Therefore, the past 1,000 years were only mtar-

preted for the Carajis lakes
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