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ABSTRACT

The Cananéia-lguape system, SE Brazil, consisg @fmplex of lagoonal channels, located in a
United Nations Educational, Scientific and Cultu@idganization (UNESCO) Biosphere Reserve.
Nevertheless, important environmental changes bagarred in approximately the last 150 yrs due
to the opening of an artificial channel, the Valma@le, connecting the Ribeira de Iguape River to
the lagoonal system. Our objective is to assessiiterical record of the uppermost layers of the
sedimentary column of the lagoonal system in otdedetermine the history of environmental
changes caused by the opening of the artificiahobh In this sense, an integrated geochemical-
faunal approach is used. The environmental chategesignificant modifications in salinity, in
changes of the depositional patterns of sedimamsferaminiferal assemblages (including periods
of defaunation), and, more drastically, in the inpfiheavy metals to the coastal environment. The
concentrations Pb in the core analyzed here wete tygo times higher than the values measured in
contaminated sediments from the Santos estuaryndis¢ industrialized coastal zone in Brazil.

Resuwmo

O sistema Cananéia-lguape (Sudeste do Brasil),istenesm um complexo de canais lagunares
localizados no interior de uma Reserva da Biosfasaim definida pela UNESCO). Nao obstante,
variagbes ambientais importantes ocorreram nos1@gtil50 anos, devido & abertura de um canal
artificial, o Valo Grande, conectando o Rio Ribeaie Iguape ao sistema lagunar. O objetivo deste
trabalho foi determinar a historia das variagGebiantais no sistema lagunar, causadas pela abertura
do canal artificial, através da andlise das camsuajasriores da coluna sedimentar de um testemunho
coletado no sistema. Neste sentido, uma abordagegrada, envolvendo variacdes geoquimicas e
faunisticas foi utilizada. As variacbes ambienti®rridas apontam para mudangas drasticas na
salinidade, nos padrdes de sedimentacdo, nas as3eside foraminiferos (incluindo periodos
azobicos) e, mais drasticamente, no aporte de n@dadso sistema costeiro. As concentracdes de Pb
no testemunho coletado indicam valores duas vezseres do que os medidos em sedimentos
contaminados do estuério de Santos, situado nacosteira mais industrializada do Brasil.

Descriptors: Anthropogenic influence, Lagoon, Sedtitation, SE Brazil.
Descritores: Influéncia antropica, Laguna, Sedimgin, SE Brasil.

Contr. No.883 do Inst. Oceanogr. da Usp.
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INTRODUCTION mining activities in the XIXth century. Corredeiea
al. (2008) also identified enrichment of Cu, Zn and Pb
Due to their geomorphological and physico-in the SW Iberian sediments associated with mining

chemical properties, lagoons and estuaries afftivities along the Iberian Pyrite Belt. _
potential deposit areas for anthropogenic sediments . The Cananéia-lguape system, SE Brazil
and the number of studies dealing with these stibjed 19 1), consists of a complex of lagoonal chaspel

is increasing rapidly (JONES; TURKI, 1997; BIRCH; located in a United Nations Educational, Scientiil

TAYLOR, 1999: CEARRETA et al 2000, 2002: Cultural Organization (UNESCO) Biosphere Reserve.
CUNDY 'et al '2003. ELBERLING et aJ, 2003.’ Nevertheless, important environmental changes have

PASTERNACK: BROWN, 2006; DONDERS etl., occurred in approximately the last 150 yrs duehi® t
2008; LEORRI et al., 2008). An important approactPPening of an artificial channel, the Valo Grande,
to the subject is related to the sedimentary recgrd SOnnecting the Ribeira de Iguape River to the lagbona
this anthropogenic influence, which incorporateghhi SYStem. Also, due to Ag, Zn and Pb mining actisitie
resolution geochronology with proxies of differentthat took place in the upstream region of the Rébde
types so as to provide a reliable documentatiothef 9uape River, the system acted as a depository of
contamination history of a given area (ALVE, 1991 contaminated sediments. L
1995 PLATER et a 1998 PLATER: APPEBY, Our objective is to assess the historical
2004 LI et al., 2000; CHAN etl., 2001; CEARRETA record of the uppermost layers of the sedimentary

et al, 2002; RUIZ-FERNANDEZ et al., 2007, among column of the lagoonal system in order to determine
othe}s). ' ' ' the history of environmental changes caused by the

Fox et al. (1999) studied metal levels (As opening of the artificial channel. In this sense, a
Cr, Cu, Pb, Hg and Zn), radionuclidé§’Cs, 2*%Pu 'integrated geochemical- faunal approach is used.
239+24b and®”’Am) and DDT in the Mersey Estuary

(UK). In this study, a history of contamination tbie Stuby AREA
area, from the pre-industrial period until the prés
day, was established. An increase in the contamimat The Ribeira de Iguape River and the
by heavy metals, which began in the 1930s, and by Valo Grande Channel (Fig. 1)
DDT, starting in the 1960s, was identified.
Dassenakis et al. (1995) studied the The Ribeira River forms the largest drainage

sediments of the Acheloos Estuary (Greece) whefeasin of the S-SE Brazilian coast (fronf@20 30S),
diverse human activities, such as dams, agricuitne  With an area of about 25,000 knThe outflow of the
navigation, influenced the system. These humaHVerin its lower course varies from about 300rtore
actions, in combination with hydrological pattears than 1,200 rifs, with th_e variati(_)n ir_] flow influenced
both mineralogical and morphological factors, aéec Strongly by the subtropical humid climate.

the chemical behavior and heavy metal distribution Mining activities in the upper course of the
patterns of this estuary’s sediment. One importarfiver have been ongoing since the XVlith century,
aspect of the estuary is that although it is nghlyi ~ originally as manual mining of Au and Ag and, from
polluted, the enrichment of some metals in the945, with the establishment of an industry of Pb
coretops indicates the beginning of the anthropiegenMining (Plumbum S/A), which ceased its activities i

influence on the system. 1995 due to the exhaustion of reserves, technabgic
Other outstanding papers on the subjecélifficulties and economic factors. o
included those carried out by Cearreta et(a000, The opening of a 4-km long artificial

2002) who identified the impact of the anthropogeni channel from the Ribeira River to the Cananéia-lguape
activities in the metal geochemistry and microfanha lagoonal system began in 1827 but was only finished
the Bilbao Estuary (Northern Spain). Over a 150-yedf 1852 (GEOBRAS, 1966). The aim of this channel
period, this estuary received effluents from minamgl  Was to shorten, and consequently to reduce thes cost
industrial and domestic waste, and it became thgt moPf, the transportation of agricultural goods (esgplec
polluted estuary in North of Spain. The integratedice, the main economic product of the region) from
analysis of geochronology, heavy metals andhe country lands to the main export harbor of the

microfauna permitted to recognize the degradatibn g€gion (Porto Grande), located in Iguape city. Aftes
the area during the time period considered. opening of the channel, initially named Valo do Roc

Sedimentological ~ records of mining @nd now named Valo Grande, about 60% of the main
activities in coastal areas and adjacent contihentflow of the river flow was transferred to the lagab
shelves have been reported in several previousqapeSystem, leading to a drastic decrease in salidigyo
Hornberger et al(1999) identified enrichment factors Salinity values are presently observed in Cananéia
of about 20 in Hg concentrations in sediments af SaCity. located 60 km south of the channel mouth. Also
Francisco Bay (USA), which were related to Authe coastal plain, where the channel was excavated,
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suffered a drastic erosional process, followed by and Iguape harbor areas. Other critical problennsh s
dramatic increase in the deposition of the adjacerts the reduction of cultivated and inhabitable srea
lagoonal areas due to the siltation of the Mar Baqu were also observed.
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Fig. 1. Location of the study area.
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The original dimensions of the channel (4.4 Prior to the opening, the cores were analyzed
meters wide and 2 meters deep) rapidly increasedl, afor magnetic susceptibility in a Bartington MS-2C
the channel currently presents a width of about 2568ystem with a resolution of 1.£0 S.I. The
meters and depths of up to 7 meters. The name Vatoeasurements were made every centimeter.

Grande (“Big Scour”) is a reference to the dimension Based on the magnetic susceptibility
that the channel acquired just a few decades #fter profiles, one core, which showed the best possibili
was opened. of representing both phases prior to and after the

The Valo Grande channel was closed inopening of the Valo Grande, was chosen. This core
1978 by a dam made of stones and sand, which wéSAN-05), located at the coordinates®23.245’S -
destroyed in 1983 after huge floodings of the Ribeir47°37.370'W and with 200 cm in length, was opened,
River that affected the areas located upstream eshd Idescribed, and sampled continuously at every 2 cm
to financial losses to the agriculture of the area. In order to avoid along-core contamination, yahle

The Cananéia-lguape Coastal Plain and the internal area of the recovered _sediment wasl us
Estuarine-lagoonal System for analysis. Sample_s for physical and che_mlcal
analyses were immediately frozen for freeze-dryhg

The geological and geomorphologicaly |ater date, and samples for microfaunal analyses
characteristics of the Cananéia-lguape system haygyre gven-dried at 4G.

been analyzed for at least six decades in several Sedimentation rates were determined via
studies since the original papers by Besnard (195Q)amma spectrometry, by means of #&b photo-
who proposed four stages of evolution based OBeak of 47 keV using a low background Ge detector,
geomorphological evidence. According to the autholeGgG Ortec, model GMX 25190P, as described in
the process occurred during the late Tertiary dred ! Figueira et al. (2007).

early Quaternary periods and was associated with a Grain size analyses were performed on
slow sea level regression forming the coastal plaijecarbonated samples using a Malvern Mastersizer
After this first work, the sedimentary evolutiontbis 2000 Laser Analyser. Total organic matter contess w
complex of estuarine and lagoonal channels and thgstermined via weight difference prior and after

associated coastal plain was analyzed extensiviely bntfiing the sample at 558G for two hours (BYERS
several papers, such as Petri and Suguio (197B)19%; g, 1978).

and Suguio and Martin (1978). In addition, Martin Calcium carbonate content was determined
and Suguio (1979) proposed a five-stage model ‘Hy weight differences prior to and after the
evolution to explain the origin of the Cananéia -ygidification of each sample with 1N HCI.
Iguape system. Essentially, the present lagoonal Elemental analyses (Al, Sc, Cu, Pb, and Zn)
channels represent the drowning of the paleo-rivgfere performed using the ICP-OES technique with
channels developed after the transgressive phase'?pf Varian model Vista MPX. The analysis followed
Isotope Stage 5e, locally named the Canan€ije procedures described in Method 3050b of the
Transgression (120,000 years B.P). ) SW-846 series (USEPA, 2008). Approximately 1 g of

_ According to the classification of Koppen, gry sediment was digested with 10 mL of 1:1 HNO
the climate of this system shows characteristics of 5t 92 for 15 minutes. After cooling, another 5 mL of
humid tropical climate, varying in decadal scalenfr .5 centrated HNQwas added, and the solution
humid tropical without a dry season to humid tr@pic a5 heated for 30 minutes. This second procedure
with a cool summer. _The 'ralnfall shows a\{erageamlu was repeated until the digestion of the sample was
of about 2200 mm.y4, with a marked rainy season complete. Two milliliters of water and 3 mL of 30%
between November and February (the austrgl,o, were added as the sample was heated until the
summer). Annual average temperatures vary from 1§imination of the organic matter was complete.
to 19°C, but temperatures as low &C0or as high as  after this step, 10 mL of concentrated HCI was
35°C have been recorded. ~added, and the solution was heated for 15 minutes.

Due to the climatic and geomorphologicalring|ly, the solution was filtered through a Whatma
characteristics, the vegetational cover is markethb 41 filter, and 10 mL of concentrated HCI was added
presence of saltmarshes and mangroves on the margig the digestate. Finally, the solution was filteegain
of the mixohaline bodies of water and by dunen 5 whatman 41 filter, and the filtrate was coket
vegetation of Atlantic forests on the higher areas. in a 100 mL volumetric flask. The volume was
completed, and the solution was analyzed in a Waria
ICP-OES, model Vista MPX. The measurement
Fourteen cores were collected with the aid oprecision for all elements was at least 5%. Method

a Rossfelder VT-1 vibracorer, along the main channelccuracy was obtained by analyzing certified
of the lagoonal system (Fig. 2). standards.

MATERIALS AND METHODS
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Fig. 2. Location of the fourteen cores analyzedhagnetic susceptibility, as well as core CANO5.

In order to assess the degree of sedimerty the ?®Pb chronology. The five-category pollution
contamination, the enrichment factors (EF) weréndex (ANDREWS; SUTHERLAND, 2004) was used

calculated with respect to the normalized valusSof
using the formula:

EF = (X/Sg)/(Xo/Sw),

where:

X; is the metal concentration value in the sample;
Xo is the metal background value;

Sg is the Sc concentration in the sample; and
Sg is the Sc background value.

Elemental values were normalized by level

of scandium, which is used as a conservative eleme;
values
corresponded to the average element concentraifons

for normalization. The background

the five bottommost samples, which were assumed

correspond to sediments deposited prior to th
complete opening of the Valo Grande, as determine

S

for the pollution assessment: EF<2, minimal podinti
EF 2-5, moderate pollution; EF 5-20, significant
pollution; EF  20-40, high pollution; and EF>40,
extreme pollution.

In order to study the benthic foraminiferal
fauna, a volume of about 20 2mwas extracted from
each layer in intervals of 10 centimeters. Samples
were carefully washed through the 0.062 mm sieve,
washed with water to remove silt and clay fractjons
and then dried at 4. The remaining portion in the
sieve was then subjected to flotation with carbon
{}ichloroethylene to concentrate the Foraminifesa a
described by Murray (1979). The floated materiat wa

ttcr)ansferred to filter paper and air-dried. All sipeens

In each sample were picked up under a stereoscopic
%jnocular microscope using reflected light and
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identified following the generic classification of susceptibility and the slight decrease in calcium
Loeblich and Tappan (1988). The heavy residue wasarbonate.
examined for possible unfloated shells. These two limits mark three different
The data were analyzed using univariatedepositional zones. The basal zone is marked by
methods. DiversityH’) was calculated on a natural magnetic susceptibility values lower than 1G9,
logarithmic basis (In x) by the Shannon-Wiener inde a water content of less than 40%, a calcium carigona
(SHANNON; WEAVER, 1963); the evenne§k) was content and an organic matter content of less #an
calculated according to Pielou (1975); and specieand a sandy sedimentation, with mud (clay + sift) o
richness(S) was determined as the total number ofess than 20%.
species. A Pearson Correlation Analysis, congideri The intermediate zone was characterized by
the statistical significancea( < 0.05) has been magnetic susceptibility values between 10 and g3 .1
performed between the biotic and the sedimentoébgicS.l., a water content higher than 50%, calcium

and geochemical parameters. carbonate values between 8 and 12%, an organic
matter content higher than 10%, and a muddy
ResuLTs sedimentation, marked by a clay + silt content ofen
Age-Depth Model than 70%.

) ) Finally, the topmost zone was characterized
_ Thel average sedimentation rate of the corgyy the presence of the highest values of magnetic
obtained by"*®Pb dating, is about 0.887+0.166 cil.y susceptibility. The decrease of the susceptibility
This represents a time interval of 177+33 yearster ajyes at the shallower samples was probably caused
sequence sampled, confirming that its base repi®sehy a porder effect. We also observed a decrease of
a period prior to the opening of the Valo Grandecg|cium carbonate to values between 6 and 10%:

Assuming that this calculation is valid, we may @ changes in organic matter and grain-size, if prigsen
that sedimentological, geochemical and microfaimist \yere too discrete to be described.

changes occur between the depths of 120 and 160
centimeters. Heavy Metals

Sedimentological Changes . .
Table 1 presents the minimum, maximum,

The sedimentological variability is shown in mean, standard deviation and median of the heavy
Figure 3. There was a marked break in thenetals (in mg.kd) analyzed in this study.
sedimentation at 130 cm. At the top of this limig Box-plots of heavy metals variations,
observed a marked decrease in grain size, conturreiynsidering the time intervals prior and after the
with an increase in organic matter, water contengpening of the Valo Grande and prior and after the

magnetic susceptibility and calcium carbonate. _activities of the Plumbum mining activities are o
A second limit was observed at 50 cm, but itin Figure 4.

is noticeable only on the increase in magnetic

Magnetic

Susceptibility H,0 (%) caco,(%)  Organic Matter sand (%) Silt (%) Clay (%)
(10°s.1) (%)
0 10 20 30 400 20 40 7003579 12 200 10 20 300 4070 110 2000 20 40 60 10003579 12 20
P i RN I NN NATR
. SRR R S - 1995+-1
20 ] ]
40 4 B -
oo e b S 1945+-3
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—~ 80 ] ]
5100 - — -
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Fig. 3. Variations in the sedimentary parametersooé CANO5.



MAHIQUES ET AL.: ANTHROPOGENIGNFLUENCE IN A LAGOONAL ENVIRONMENT 331

Table 1. Minimum, maximum, mean, standard deviatind median values of the heavy metals (Cu, PBad,
Cr) analyzed in this study.

Cu Pb Zn Cr
Total Minimum 1,4 2,2 8,6 4,9
n=84 Maximum 32,1 68,2 92,1 52,2
Mean 20,5 21,7 65,1 35,0
Std Dev 10,1 13,3 27,3 14,2
Median 25,0 20,1 77,5 40,6
Pre-Valo Grande Opening Minimum 1,4 2,2 8,8 49
n=11 Maximum 5,6 7,9 30,8 19,6
Mean 31 4,5 17,9 11,0
Std Dev 1,3 1,9 7,0 4,5
Median 2,6 4,0 16,0 10,3
Post Valo Grande Opening / Pre Plumbum
Operations Minimum 2,0 2,2 8,6 5,2
n=44 Maximum 30,2 30,7 92,1 52,2
Mean 23,4 19,1 77,0 42,2
Std Dev 71 51 19,2 10,1
Median 25,7 19,6 84,6 44,1
Plumbum Operations Minimum 22,6 21,0 55,0 27,0
n=24 Maximum 30,1 68,2 90,5 47,7
Mean 25,4 34,5 75,3 38,3
Std Dev 2,0 11,8 10,7 58
Median 25,0 35,3 79,3 39,7
Post Plumbum Operations Minimum 30,3 40,9 68,6 36,9
n=5 Maximum 32,1 43,1 75,6 40,0
Mean 31,3 41,8 72,7 38,1
Std Dev 0,7 0,9 2,7 1,3
Median 31,4 41,7 72,5 38,1
40 — 80 —
Cu Pb

1 == i%

100 — 60
Zn Cr
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Fig. 4. Boxplots, indicating minimum, maximum, medli lower and upper quartiles
of the metal variations along the cores. A) PreeM@rande opening. B) Post Valo
Grande opening / Pre Plumbum operations. C) DWPinghbum mining operation. D)
Post Plumbum mining operation.
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Maximum values of Cu and Pb were about The heavy metal (Cu, Pb, Zn, and Cr)
30x higher than minimum values. For Zn and Crcontents of the sediments were better described in
this difference was approximately 10x. All of theterms of their Enrichment Factors (EFs; Fig. 5t)eT
metals showed a general trend of increasingFs of both Zn and Cr presented a similar trendy wit
concentrations towards the shallower strata, bat than increase in levels shallower than 130 cm and a
highest values were not located in the topmost ggsnp decrease after 30 cm. Nevertheless, these elements

(Fig. 5a). presented EF values close to the background levels.
Magnetic
Susceptibility Cu Pk Zn Cr
{1076 (g ka™" (mg ko) (mg kg {mg kg™

a 10 20 30 400 10 20 30 4D 500 100 2000 50 100 1500 10 20 30 4050
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7| 194543
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Fig. 5a. Variations in Cu, Pb, Zn and Cr contetaig core CANO5. b. Variations in the Enrichment
Factors (EFs) of Cu, Pb, Zn and Cr along core CANO5
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The trend of the EF of Cu showed a Microfaunal Content
continuous increase of the values towards tthye
of the core, with the highest value observediatra.
A similar behavior was observed in the EF values oz

Pb, with an EF value higher than 5 at 20 cm. Aqyems of foraminifera and the abundance of
distinctive feature between these elements is dloe f thecamoebians. the three different zones that have

that th% EfF obeuhincreased frorg lfst)o cm towards th8een previously described for sedimentology may als
top, and, for Pb, the EF increased after 70 cm. be distinguished in this core (Fig.s 6 and 7).

In total, 893 individual tests were found (32
pecies of Foraminifera and 4 of Thecamoebian;erabl
) on 29 samples analyzed. Based on the distribbutio

Table 2. Abundance of foraminifers and thecamoebé@ong core CANO5.

36-38 48-50 110-112  [128-130 [134-136 [13B-140 [142-144 [146-148 [148-150 [150-152 [156-158 [160-162 [170-172
1 134 32 83 48 a1 58 2
1 1 1
1 1
1 2 2 1 1
1
1 1
EE] 78 30| 15 20| 26
1 1
Pseudoncnion afiamficum 1
Qi Joculina sp. 3]
Ammobaculites exiguus 1 2| [i] 1 2 2]
| Ammotium salsum 17 7 3 i Gl 5| 5 3
Ammoastuta salza 2 1
Arenoparella mexicana 3 1
Clavuling sp. 1
Glomaspira sp. 1
[Haplophragmoides sp. 1
| Mitiammina fusca 10 18] 1
Trochammina sp. 2 1 El 1 1 1
Trochammina ochracea 1 1
[Th ians 4 1 2
Aglutinants not identified 1
[Total Density 18 FF] 1 3 301 8 EE] il 03] o 0] i7] 3
Total Density H a? 5 Aglutinants Celesreous TaFanostiane
u Tl WG b bR d ZECU G5 €L K TG0 3L SU 121 B0 0 E0 F0 400 A ED N0 U g o1 2 0% 4
f L L LlalLLaLl AT A AR PURY R RERRRAR ARER ARRARA L 1 I RNNRHRRARRRARS AR il vl
o] : .
£ 1 3
a0 ] 4
43 B } <
s s e R = 4 10454-3
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Fig. 6. Variations in the populational parametdrioaminifers and thecamoebians along core CANO5.
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Fig. 7. Variations in the dominant species of forafars along core CANO5.

The highest values of total density, diversityimportant factor for the interpretation of histalic
and richness were observed in the basal zone, froohanges in the study area. In fact, the value of
200 to 130 cm. This zone was also marked by th@.887+0.166 cm.yt corresponds to an average
presence of mixohaline calcareous foraminifersestimate for the muddy level of core (topmost 130
dominated by the generalist specAammonia tepida cm). Nevertheless, we may not expect a constant
Elphidium excavatunmand Elphidium gunteri which  sedimentation rate for the whole core. In facts thi
can survive in unstable environments (WALTON;assumption does not discredit the interpretatbn
SLOAN, 1990). This foraminiferal association our results, and it allowed us to recognize the

disappears at depths shallower than 130 cm. influence of the opening of the Valo Grande,
The intermediate zone was characterized bgompleted in 1852.
a drastic change in the microfaunal content. Iis thi The integrated analysis of the data indicates

zone, the presence of azoic levels is noticeal# F the occurrence of conspicuous changes in the
agglutinant foraminifers and thecamoebians wersedimentary processes of the Cananéia-lguape
found, and their total density and richness reatched system, which were related to the opening of thiVa
lowest values in the core. Grande with the consequent input of freshwater,
The topmost zone was marked by a slightmuddy sediments and heavy metals to the
increase in total density and richness, reflecting environment.
increase in agglutinant and thecamoebian species. As a consequence of this input, one of the
When analyzing the foraminiferal content (Fig. wg  most drastic changes is related to modificationthef
clearly observe the environmental modificationst thabiota, with the extinction of the calcareous
occurred and were recorded in the core. The basframinifers and the occurrence of azoic levelshia
zone was marked by the presenceloftepida, E. sediment. The new assemblage that succeeded the
excavatumand E. gunteri; these species virtually AmmoniaandElphidiumassemblage was observed at
disappeared from the core after a depth of 130min athe base of the core. This assemblage is defined by
were substituted by the agglutinant speciesrganisms adapted to freshwater and high organic
Miliamminafusca which increased in abundance aftermatter content, especially thecamoebians and the
a depth of 50 cm. foraminifer speciesMiliammina fusca A similar
association was described by Dias-Brito and Oliveira
Discussion (1999) in ltanhaém (SE Brazilian coast), located les
than 100 km northward of our study area, and it was

The first aspect that must be considered ifhought to  Dbe characteristic of oligohaline
our data is the age-depth model, which is the mo&nvironments with salinities between 0.5 and 5.0.
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These environmental changes wereeached levels of moderate to significant pollution
confirmed by the positive and significant corredati the site where the core was collected (approxipatel
(o < 0.05) between the dominant calcareous specigs5 km west from the mouth of the Valo Grande).

(see Table 3) and the sand content, as well asdy t Another important aspect of the sediments
significant correlation betweehl. fuscaand organic analyzed is the fact that the input of heavy metals
matter, silt and clay contents. especially Pb, did not end after the operations of

Plumbum S/A ceased in 1995, as recorded in the

A comparison of our data with topmost levels of the core. It is possible thatitimt
anthropogenically affected sediments in the Bilba®f metals to the Ribeira river sediments still ocdue
estuary, Spain (CEARRETA et.al2002), the Sw to weathering of the slag heaps that are stillgrem
Iberian shelf (CORREDEIRA et .al2008), and Santos the drainage basin.
bay and estuary, SE Brazil (TESSLER et aD06)
revealed that the sediments from the core analyzed

here are significantly poorer in heavy metals than ConNcLUsIONS
those from the Iberian sediments. On the other hand
after the opening of the Valo Grande, levels of Cb, Using a multi-proxy approach, it was

Zn and Cr were of the same order of magnitude gsossible to recognize the occurrence of conspicuous
those from the highly polluted Santos estuary (ablenvironmental changes in the Cananéia-lguape system
1). in the last two centuries.

Another aspect to be considered is the These environmental changes were
impact caused by the beginning of the miningessentially related to the opening of the Valo @ean
activities of the Plumbum S/A, specifically in tesrof  artificial channel and were implied in significant
the input of Pb into the coastal system. modifications in salinity, in changes of the

The Enrichment Factor (EF) is considered tajepositional patterns of sediments and foraminlifera
be a reliable estimate for the input of metals given  assemblages (including periods of defaunation), and
environment and can be especially useful foinore drastically, in the input of heavy metals. The
analyzing anthropogenic influences (CEARRETA eiconcentrations Pb in the core analyzed here wete up
al., 2002). In this sense, the variations in the BRB® two times higher than the values measured in
core analyzed here could be efficiently used f@ thcontaminated sediments from the Santos estuary, the
analysis of the historical changes that occurrethén most industrialized coastal zone in Brazil. The lsve
Cananéia-lguape system. of Cu and Cr were of the same order of magnitude.

When we compare the variations in the EF The Enrichment Factors determined along
with the age-model, the effect of the opening & ththe sedimentary column revealed that during the
Valo Grande on the input of heavy metals into thectivities of the Plumbum S/A mining industry, the
coastal system can be clearly observed. The imieediaenvironment presented levels of Pb equivalent to
increase in the input of Cu just after the openifithe  moderate to significant pollution. Even after tmel @f
Valo Grande is evident. On the other hand, thehe activities of the mining industry, the inputrafavy
increase in the EFs of Pb is much more evident aftgnetals, especially Cu and Pb, persists, indicating a
the beginning of mining industry operations in 1945continued input of heavy metals from the dispodis p
The EF values observed for the interval thabfthe upper course of the Ribeira River.
corresponded with the activities of Plumbum S/A

Table 3. Pearson correlation analysis between tbgchband the sedimentological and geochemical mpaters.
Statistically significant valuesi(< 0.05) are highlighted.

Magnefic Suscep. H,0 CaCO, OM.  Sand Silt Clay Al Cu Pb Zn cr
A. tepida 0.508 0438 0428 D486 0525 -0525 0515 -0.680 0387 0242 0385 044D
E. excavafum 0,532 0462 0382 0499 0532 053 0512 0848 0476 0305 D438 0480
E. gunteri -0.401 0303 0338 D304 0421 0420 0422 0640 0208 -02868 D208 0283
M. fusca 0532 0477 0342 (0509 0566 0567 Q547 0310 D265 08573 0208 -D457
Total Density 0.539 0484 0455 D488 0564 -056¢ 0552 0717 0394 0213 0383 041
H 20,590 0300 0350 0510 0600 0610 0520 -0520 0450 -0.480 0300 0300
J 0.352 0245 0178 D235 0361 0388 0350 -0431 0479 -0.018 0138 0077
s 0657 0537 D487 D522 Q0EE9 0671 0646 -DBf1 0400 0305 0363 0380
Thecamoebians 0.418 0.148 0051 0158 0254 0250 0288 -0.034 D358 0080 -0.338 -0.305
Agglutinant -0.048 0106 0038 0005 0041 0041 0038 0212 0335 0187 0320 0125
Calcareous 0577 0549 0430 0523 0599 -0599 -0.587 0732 0375 -0270 D377 0438
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