W PANAMIAS
Pan-American Journal of Aquatic Sciences

Assessing the effect of natural variability and human impacts
on the environmental quality of a coastal metropolitan area
(Montevideo Bay, Uruguay)

FELIPE GARCIA-RODRIGUEZ*, MARISA HUTTON, ERNESTOBRUGNOLI, NATALIA
VENTURINI, LAURA DEL PUERTO, HUGO INDA, ROBERTOBRACCO, LETICIA BURONE &
PABLO MUNIz

Seccion Oceanologia, Facultad de Ciencias, Igua 4225, Montevideo (11400), Urug&anail:
felipe.garciarodriguez@gmail.com

Abstract. Montevideo Bay is an extremely polluted coastal system because of multiple sources of
contamination from industrial manufacturing, urban activities, energy producti@nboh
operations and population increase. Because rehabilitation measures will be implentleisted,
research project was undertaken to assess the contamination of the system. A sediment core that
spanned to 3000 yr BP was taken to reconstruct the Holocatweal changes in salinity and
trophic state, and also the effect of human activities on the environmental quality of the system.
Before the human impact, the system was controlled by a sea level decrease, during which an
increase in trophic state was @bged. After the human impact, an intensification of the
eutrophication process was observed, mainly due to the industrial activities linked to lack of
sanitation. In addition, sharp increases in heavy metal concentration were recorded after 1917,
when theleather tanning activities together with the construction and operation of the oil refinery
and the thermoelectric generation plant were first documented. Thus, the data presented in this
paper provide important chronological evidence of human impactemavidonmental degradation,

which at the minimum can be used to advise the managers and government agencies about the
consequences of bad environmental practices on coastal aquatic systems.
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Resumen Evaluacion del efecto de la variabilidad natural e impactos humanos en la calidad
ambiental de un area costera metropolitana (Bahia de Montevideo, Uruguay)a Bahia de
Montevideo es un sistema extremadamente degradado coms@cuencia de multiples fuentes de
contaminacién de la industria manufacturera, actividades urbanas, generacién de energia,
operaciones portuarias e incremento poblacional. Ya que se implementaran medidas de
rehabilitacién, llevamos a cabo este trabaje investigacion para evaluar el estado de
contaminacién de la Bahia. Se tomé un testigo de sedimento y se reconstruyeron los cambios
naturales de salinidad y estado tréfico durante parte del Holoceno. También se infirié el efecto de
las actividades humasasobre la calidad ambiental del sistema. Antes del impacto humano el
sistema estaba controlado por un descenso del nivel del lmago del impacto humano se
observo una intensificacion del proceso de eutrofizacién principalmente por las actividades de la
industria manufacturera junto a la ausencia de saneamiento. Marcados incrementos de la
concentracion de metales pesados fueron observados a partir de 1917, cuando se documentaron las
primeras actividades de curtido de cuero, operacién de la refineriangrapédn de energia
termoeléctrica. En este sentido, los datos aqui presentados son una evidencia cronolégica del
efecto de los impactos humanos sobre la calidad ambiental, la cual al menos puede ser utilizada
para aconsejar a los gestores ambientales leados gubernamentales acerca de las
consecuencias de malas practicas de manejo y desarrollo sobre los sistemas acuéticos costeros.

Palabras clave: contaminacion, metales pesados, diatomeas, eutrofizacién, Paleoceanografia
costera
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Int roduction assessments to improve our skills at environmental
Monitoring information on the effect of management.

human impacts on coastal systems is essential in

view of sustainable management practices (Sanchédaterial and methods

Cabeza& Druffel 2009). Such informationhsuld Description of the study area
include direct observations, which encompasstime ~ The Mont evi deo coastal
scales of years and decades, but also-terg 34 A5606 S -aéA25506WA)05i0s | ocat

proxy data from paleoenvironmental reconstructionsniddle of the coast of Rio de la Plata, which is
Especially in those regions that have experiencedntained in the second largest basin in South
sharp historical population increases, aAmerica. The Rio de la Plata is a coastal plain tidal
understading of  historic  conditions and river with a semtienclosed shelf sea at the mouth.
relationships among stressors and ecosystem Montevideo Bay is approximately 10 km
responses is necessatry. (Fig 1) with a mean deptbf 5 m. Water circulation

In the case of Montevideo Bay, an extremelys mainly clockwise (Moresco & Dol 1996). The
degraded system because of industrial, econontiey containsone oil refinery, one thermoelectric
and harbor activities, reliable direct data on thecility, the harbor, and the city itself. Only part of
degree of contamination are only available sindde city of Montevideo has a sanitation system (Fig.
1993 (Moyancet al. 1993).Later on,Danulatet al. 1). Three streams flownto the bay, Miguelete,
(2002), Munizet al. (2002, 2004a, b), Venturigt Pantanoso and Seco; the latter entering through an
al. (2004), Buroneet al. (2006), Brugnoliet al. artificial pipeline. These streams carry wastes from
(2007), undertook further assessments and alsmny different industries, urban centers and from a
concluded that the bay is extremely degraded. Longreat number ofclandestinesewage pipes, where
term data were first generated by Cranston &here is no sanitatiosystem.
Kurucz (D02) who took cores in Montevideo Bay. To the east of the Montevideo coastal zone,
They calculated sedimentation rates of 3 and 2 mimthe region opunta Carretas (Fig. 1), lies the most
yr! in the inner and outer bay respectively, animportant sewage pipe of Uruguay. The authorities
detected an increase in zinc and chromium valuesah Montevideo are planning the construction of a
the last 150 yr. In addition, very elevatedsimilar sewage pipe in the Punta Yeguas zone (Fig.
concentrations of tlse® heavy metals were onlyl) that will concentrate the sewage of both
observed within the top 20 cm of the sedimenRantanoso and Miguelete streams, which are at
representing the last 70 years, when industrigtesent discharging directly into Montevideo Bay.
activities were intensified. However, they only The modern sediments are mostly clay and
briefly attributed contamination to the leathesilt (Urien et al., 1980). According to Munizt al.
tanning industry, but failed to idengifother sources (2002) the inner paif Montevideo Bay has greater
of contamination and the relations between sudediment heterogeneity, higher organic load and
sources and the several historical industridbwer oxygen content in bottom sediments than
activities, population growth and harborthose of the outermost part of the bay and
development. the adjacent coastal zoné.e(, Punta Carretas

In this paper, a new sediment core was takeand Punta Yeguas). This inner parthMbntevideo
to analyze chromium, zinc, lead, copper, oiganBay is grossly polluted by Cr, Pb and petroleum
matter content and diatoms as proxies. An historichldrocarbons, while the other zones show
population increase was documented together withoderate pollution. Danulagt al. (2002) defined
the major milestones in industrial activities andhe Montevideo Harbor as a hypamtrophic
harbor development, and their relation to historicalystem, which receives considerable nutrients
contamination trends. In addition, diatom andnd organic dads. GomeErache et al. (2001)
organic matter data were used to infer the Holocemeported that water quality of Montevideo
changes in both trophic state and paleosalinity thBay is highly deteriorated because of several point
were ultimately related to sea level variation for thand norpoint sources, whereas harbor activities
past 3000 yr. The data presented here provide a ganttoduce great amounts of heavy metals and
example of the increasing importance of usingutrients leading to a high biolagil oxygen
paleoenvironmental techniques in contaminatiodemand.
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Kurucz (2002)

On the history of the study area

Montevideo was founded

2006), lut only in 19011909 was the modern harbor

the core was immediately sealed and brought to the

in 1725 bylaboratory for lithological, chemical and biological
Spanish settlers for war purposes against Portugahalyses. The lithological subdivisions were based
The city was built on the bay (Fig. 1). The first doclon the visual and textural appearance of the
in Montevideo Bay was built in 1796 (Gautreawsediment.

The core was dated following the

developed. During this stage, a population increasenventional”C method on entire/articulated shells

from ca. 50,000 to 300,000

inhabitants wasef Erodona mactroideDaudin 1801. The sample

documented (Fig. 2). After the harbor was builtwas treated with dilute HCI to remove carbonates.
there was a sharp development of both leather aBdlk organic material was converted to benzene and
food industry facities between 1917 and 1930.its *“C activity was measured with a Packard-Tri
Between 1923 and 1939 the coastal road was plac&hrb 2560 TR/XL liquid scintillation spectrometer.
Concomitantly, in 193937 the oil refinery and the Age is expressed in uncalibrated conventidf@lyr

thermoelectric facility were also built on the coast oBP,
the bay. Because of the urban development, in 1963rmalizing d**C values toi2 5 & .

corrected for isotopic fractionation by

Quot ed

population had ricreased to 1.2 million (Fig. 2). (+1s) includes unceainties in counting statistics.

After 1977,

the harbor has been progressivelyhe radiocarbon date was calibrated using the

expanded and enlarged as several docks, contaisemputer program Radiocarbon Calibration Program
places and related facilities and logistics wermrey. 3.0, University of Washington, Quaternary

erected.
Field and laboratory methods

Isotope Laboratory (Stuiver & Reimer, 1993).
Braccoet al. (1999) estimated thahe error caused

A 200cm-long core (Core E1, 345 3 Oby the reservoir effect for estimations on coastal

0060%14%662300E)

wa s

t atfogenic nwierialn is stnall ! dur My area. They

internal diameter piston corer in the inner zone @oncluded that the magnitude of the error caused by
Montevideo Bay (Fig. 1). This region of the bay ishe reservoir effect is not higher than the inherent
relatively undisturbed because no dredging activitiegror of the dating techniquén addition, Anguloet

to allow navigation are undertaken. After retrievalal. (2005) estimated a low regional marine reservoir
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correction of 33 + 24“C yr for southern Brazil Trace metal (Cr, Zn, Pb and Cu) samples
(states of Santa Catarina and Parand) and an estimagee also analyzed every 1 cm within the upper 40
of 8 + 17 “C yr for the region between Rio decm; for deeper sections lyn selected intervals
Janeiro and Santa Catarina. were measured. Thesamples were dried at
Samples for diatom counting and85°C to constant weight prior to homogenization in
identification were treated with 2N N&O; to an agate mortar and pestle. In order to avoid
deflocculate the sediment and remove clay. Then, ifferference of organic matter in the measurements
ml of 35 % HCI were added and allowed to stand fand to convert the metals to their free form by
24 hours to eliminate carbonates followed by rinsinmethodNo. 3051 of the EPA (Anonymous, 1990),
five times with distied water. Next, 10 ml of 30 % duplicates of suamples (0.51 g) weremixed with
H,O, were added to eliminate organic matter, antl0 ml concentrated nitric acid and digested by
then the samples were boiled for four hours anuicrowave (CEM, MDS 2100) in a closed
rinsed five times with distilled water. Permanentluorocarbon vessel. Quantification was by ASS
slides were mounted in Naphfafor counting and (Shimadzu AA680) with graphite furnace
identification. A minimum of 300 valves was atomization (Shimadzu GFAB). Quality control
counted at 1000 x magnification in each sampléncluded procedural blanks, measurement of
Species were identified according to Frenguelbtandards obtained from the National Institute of
(1941, 1945), Metzeltid& GarciaRodriguez (2003), Standards and Technology, and spiked samples.
Metzeltin et al. (2005), MiillerMelchers (1953, Results presented in'gry sediment for Zn, Cu, Cr
1959), Witkowskiet al. (2000). Chrysophyteysts and Pb correspond to mean values of duplicate
were also counted and the results expressed as dmalyses.
percentage ratio of their abundance to the total Cluster aalyses were performed to identify
number of diatoms valves and chrysophyte cysBiatom Association Zones (DAZ) using the program
(Smol 1985). In addition a dictyochophycesprecies PAST version 1.81, which is available on the
was also counted and identified. internet for free Ifttp://folk.uio.no/ohammer/past
Samples of ~12.0 g were taken every 1 DAZ were determined by clust analysis using the
cm for organic matter determination by weight losMorisita method as advised by Hamnegral. (2008)
on ignition at 556C for 4 hours following Heiret for analyzing similarity of relative abundance
al. (2001). species data
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Figure 2. Population increase and chronology of most important human impacts in theastadyT otal
population data obtained from the National Institute of Statistics.
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Results unit | consisted of silty grey sediments with entire
Lithology and sediment age shells of bothE. mactroidesand Tagelus plebeius
Eight lithological units were identified (Lightfoot, 1786).
according to changes in sediment color, sediment Organic matter and heavy metals
texture and conservation of biogenic material (Fig. The lowest organic matter values of the core
3). The basal unit of core E1 consisted of sandyig. 3) were observed in those lithological units
sediments and exhibited entire/articulated biogeni@ominated by sandy sediments( units VIII, VI,
remains of Erodona mactroidesand Heleobia IV and Il). Organic matter values were equal to or
australis( Do or bi gny, 18 395)cm Tlower thare2%4. Those littological units dominated
(lab number URU 0507) was dated at 230000 yr by silty sediments, exhibited higher values (usually
BP (Fig. 3). The conventional age was alsbetween 4 and 8%).
calibrated for the 2 sigma range and yielded an age Heavy metals showed a trend similar to that
between 1388326 BC. Unit VII was dominated by observed for organic matter (Fig. 3), as the lowest
silty grey sediments with broken shells &. concentrations were also recorded in those
mactroides However, two black layers werelithological units dominated by sandy sediments (i.e.
observed at 163 and 154 cm depth. Units VI and IVIIl, VI, IV and II). From 37 cm to the sediment
were dominated by grey sandy sediments. Unit surface, all heavy metals exhibited a sharp and
and lll were similar to unit VIl in both sedimentsteady increase in concentration, and the maximum
colar and composition; however, at 77 cm depth galues were observed 5 cm below sediment surface.
black layer was detected. Unit Il consisted of sandlhe relative abundance of the heavy metals was Cr >
sediments with entire shells B mactroideswhile Zn > Cu > Pb.

Figure 3. Lithology and vertical distribution of organic matter, zinc, copper, chromium and lead of core E1. Sediment
age is plotted to the right of the plot.

Diatoms, dictyochophyceans and Krammer(Fig. 4). These species together accounted
chrysophyte cysts for minimum abundances of 10% and maxima

Ninety seven diatom species were identifiedbf 60%. The most abundant marine brackish
The most common taxa.€. > 2% in at least three species wereCoscinodiscus radiatus, Hyalodiscus
sediment intervals, Kart & Smol 2000) are shown isubtilis and Paralia sulcata (Ehrerberg) Cleve
Figure 4. Cluster analysis allowleus to identify six (var. coronata and radiatg) although in DAZ Il
DAZ. Codominance of freshwater andPseudopodosira echinusFrenguelli (Metzeltin,
marine/brackish species was observed. The mdsingeBertalot, GarcigRodriguez) showed
common freshwater taxa wereAulacoseira abundance values close to 20%. Cyst to diatom
granulate(Ehrenberg) SimonsenA. granulata var. ratios showed the highest values in those
angustissima(O. Miiller) Simonsen, A. italica DAZ dominated by feshwater taxa. Minimum
(Ehrenberg) $nonsen and\. muzzanensidleister) values were detected where marine/brackish
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