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ABSTRACT

Guanabara Bay is a marine-estuarine environmetighf ecological and socio-economic importance,
subject to a variety of environmental impacts. 8wt is the eventual repository for most substances
introduced into water bodies and may, thereforeyigde an integrated measure of the environmental
quality, which can be assessed by many differeptagehes. In this project, the quality of sediments
from Guanabara Bay was evaluated by the ecotoxdamb approach: whole-sediment toxicity tests,
using Tiburonella viscanaand porewater, elutriate and sediment-water iaterfchronic toxicity tests,
using embryos ofytechinus variegatysvere applied. Sediments were collected at 14 Bagngtations,
distributed across the bay. Chronic tests showedif&iant toxicity in most of the sediment samples.
Sediments from stations 1, 2, 3, 6, 8, 10, 11,ri® ¥ showed acute toxicity as well. The resultthef
different tests were well correlated, and theiregmation showed that the sediments analyzete
considered unsuitable for aquatic life, resultingtie environmental degradation of Guanabara Bay. |
this context, the control of pollution sources andlti-purpose management are required to improee th
environmental quality.

Resumo

A Baia de Guanabara é um ambiente marinho-estualin@rande relevancia ecolégica e socio-
econdmica, e sujeita a uma ampla gama de impactbgeatais. O sedimento € o principal destino para a
maioria das substancias introduzidas nos corpogud;apodendo fornecer uma medida integrada da
qualidade ambiental, a qual pode ser avaliada poms/ abordagens. Neste projeto, a qualidade de
sedimentos da Baia de Guanabara foi por uma ateEndagotoxicolégica, por meio de testes de
toxicidade aguda de sedimento integral, utilizamdwronella viscanae testes de toxicidade cronica de
agua intersticial, elutriato e interface sedimefgoa, utilizando embrides dgtechinus variegatuOs
sedimentos foram coletados em 14 estacbes de agestr Nos testes crnicos houve efeitos
significativos na maioria das amostras, enquantsedimentos coletados nas estacdes 1, 2, 3, 6,8, 1
11, 12 e 15 apresentaram também toxicidade agumlaveHgrande concordancia entre os resultados dos
diferentes testes, e sua integragéo mostrou gsedisientos analisados encontram-se inadequadda a vi
aquatica, indicando degradacdo ambiental na bafaudaabara. Nesse contexto, o controle das fontes
poluidoras e o gerenciamento dos multiplos usodala devem ser implementados, no sentido da
melhora da qualidade ambiental.

Descriptors: Bioassay3$jburonella viscanalytechinus variegatysSediment, Toxicity, Guanabara Bay.

Descritores: Boensaiogiiburonella viscanaLytechinus variegatysSedimento, Toxicidade, Baia de
Guanabara.

(*) Paper presented at the Symposium on Oceanogrdph2008, Sao Paulo, IOUSP.
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INTRODUCTION

Guanabara Bay (GB) is an important Brazilian
estuary of high socio-economic and ecological value
However, GB is subjected to a variety of
anthropogenic impacts, such as the presence of
landfills, the increased sediment loading due to
continental erosion, the destruction of habitatshsas
beaches, lagoons and mangrove swamps (AMADOR,
1997), and the contamination originating from the
second largest industrial park and commercial port
the country. The vicinity of the GB &so occupied by
oil terminals and refineries, airports, shipyardayal
bases and a large number of marinas (KJERFVE et al.,
1997).

Some anthropogenic events, such as dredging
and channeling, have accompanied the development of
the region, which ultimately has increased the
sediment and nutrientransport to the bay. High
nutrient concentrations are found in the intermaha,
such as the northwestern margin (PARANHOS et al.,
1998; RIBEIRO; KJERFVE, 2002). The severe
eutrophication has made GB waters unsuitable for
recreational use and led to a decline in fishesfegp
to 90% in recent years (CARREIRA et al., 2004;
MARQUES-JUNIOR et al., 2006). Despite the intense
urbanization around most of GB, its northeasterma are
is still surrounded by mangroves, which are legally
protected by the Guapimirim Environmental
Protection Area.

As previously mentioned, large amounts of
metals and organic pollutants are discharged iméo t
bay, and most of them accumulate in the sediment.
The highest metal concentrations were found in the
northwest portion of the GB, close to the mouthaof
polluted river and a large oil refinery (REDUC)
(BAPTISTA-NETO et al., 2006). A second "hot spot”
is the Rio de Janeiro Port (BAPTISTA-NETO et al.,
2006; VILELA et al., 2004), situated on the western
side of GB. Jurujuba Sound, at the southeasterroend
the GB, may be considered a third "hot spot"
(MARQUES-JUNIOR et al.,, 2006; BAPTISTA-
NETO et al.,, 2000). Furthermore, high lead (Pb)
concentration in the middle of GB is likely relattd
the presence of an oil terminal (BAPTISTA-NETO et
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al., 2006). Large oil spills which occurred between
1998 and 2002 have aggravated the pollution in GB,
affecting the resident biota and its environmental
quality (MENICONI et al.,, 2002; KFOURI et al.,
2003).

Sediment is the main repository for most of the
substances introduced into water bodies (ADAMS et
al., 1992). Thus, sediment quality assessment begom
a primary issue for the management of aquatic
environments. In this context, ecotoxicologicalties
are intended to verify and understand the effefts o
biologically active substances on organisms and
ecosystems (ZAKREWSKI, 1991). To estimate
correctly the  ecotoxicological potential  of
contaminated sediments ig necessary to assess the
main exposure routes of contaminants, which are:
whole sediment (ABESSA et al., 2008), interstitial
water (CARR; NIPPER, 2003), elutriate (NIPPER,
1997) and sediment-water interface (CESAR et al.,
2004).

Despite their major socio-economic and
environmental importance, the toxicity of the
sediments of GB is relatively little studied anceth
functioning of its ecosystem is poorly understood.
Thus, further study of ecotoxicological, ecologieald
chemical aspects is called for, not only to asskss
environmental quality of GB, but also to derive
reference values and quality guidelines in order to
develop proper framework tools to manage the area
within an environmentally sustainable perspective.
The objective of this project was to evaluate the
sediment quality of Guanabara Bay, Rio de Janeiro,
during the rainy season, by means of acute anchithro
toxicity tests. Secondly, information was obtairted
aid in identifying the critical areas of the Bay.

MATERIALS AND METHODS
Study Area

Fourteen sampling stations, distributed across
Guanabara Bay, were established (Figure 1). The
campaign was conducted in March 2008, during the
rainy season.

Fig. 1. Map of Guanabara Bay, indicating the sangpétations.
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Sediments were collected with a Birge Ekman
dredge. The samples were transferred to plastis bag
and immediately cooledSediment samples were kept
at 4°C in the laboratory until the beginning of thets.

Granulometric Analysis

Sediment samples were dried, homogenized
and digested with HN§) in accordance with method
3051 (U.S. EPA, 1994). The particle size distribati
was measured by a laser particle analyzer model
CILAS 1064.

Physical-Chemical Analysis

For the chronic toxicity tests, the following
parameters were measured in the liquid phases
extracted from the sediments: pH, salinity,
temperature, dissolved oxygen and total ammonia
nitrogen. For the acute toxicity, most of these
parameters were measuredthe overlying water in
the test chambers, with the exception of total amimo
nitrogen.

Amphipod Toxicity Test

Whole sediment toxicity tests (WS) were
conducted using the burrowing amphipbithuronella
viscana(Thomas; Barnard, 1983) as the test-organism.
Both internal control sediment and test-organisms
were collected at Engenho d'Agua beach (llhabela,
S&o Paulo, Brazil). The amphipods were transpoded t
the laboratory and acclimated for 48 hours.

The toxicity test was performed following the
protocol described by SWARTZ et al. (1985) for
Rhepoxinius abroniuand adapted fof. viscanaby
MELO; ABESSA (2002). The bioassay consisted of
exposing the amphipods to the test-sediment for a
period of 10 days, and evaluating the survivalgae
the end of the experiment.

The replicates were kept under constant
aeration and lighting, and the test was maintaineal
temperature controlled room (25 + 2°C). At the ehd o
the exposure period, the content of each replicai®
sieved and the surviving organisms were counted. Th
mortality rates were recorded; missing individuals
were considered as dead.

Sea-urchin Embryo-Larval Toxicity Tests

Short-term chronic toxicity tests with the
sea-urchins were performed in accordance with the
international  guidelines (U.S. EPA, 1995;
ENVIRONMENT CANADA, 1999), with minor
adaptations (CETESB, 1999).

The interstitial water (PW) was obtained by
the suction method (WINGER; LASIER, 1991). After
extraction, PW samples were centrifuged at 4 000
RPM for 15 minutes. The supernatant was separated
for the ecotoxicological analysis. The extracted
samples were stored in polyethylene bottles armkfro
until use.

Elutriate samples (ELU) were obtained by
mixing a composite sample of sediment and water
dilution (filtered sea water) in the proportion df4
(U.S. EPA, 1991).

For both PW and ELU tests, three dilutions
were prepared (25, 50 and 100%) by diluting the
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whole samples in clean filtered seawater. Four
replicates were prepared for each dilution.

The sediment-water interface test (SWI) was
prepared according to the procedure described by
Anderson et al. (2001) and adapted by Cesar et al.
(2004). Three replicates were prepared for eatlosta
and for two different types of control: dilution tea
and dilution water plus filter-net, called contru,
which was used to determine whether the net would
have any effect on embryo development.

For these three tests, the embryo-larval
development of newly fertilized eggs of the seaaimc
Lytechinus variegatuf_amarck, 1816) was evaluated.
Adults of L. variegatus were collected on Palmas
Island (Santos, SP, Brazil), rapidly transportedht®
laboratory, and maintained under controlled
conditions, in accordance with the protocol NBR
15350 established by the Brazilian Association for
Technical Standards (ABNT, 2006).

The spawning was induced by osmotic shock,
with the injection of 1-3 ml of KCI (0.5 M) into the
adult sea-urchins” abdominal cavity. The gametes of
each spawned animal were separated. After the
separation and the analysis of the gametes ofreliffe
animals, fertilization was initiated in the labamat by
adding 1-2 ml of sperm solution to the ovule solnti
Then the solution of freshly fertilized eggs wasledl
to each replicate. The tests were held in envirotiate
chambers for an 8:16 h (light/dark) period and at
temperature of 20 + 2°C. When 80% of the control
larvae reached the pluteus stage (after approxiynate
24 to 28 hours) the embryos were fixed by adding 4%
neutralized formalin to the test chambers. The abov
procedure, described by Prosperi; Aradjo (2002 wa
the same for all the chronic tests.

Statistical Analysis

Data were first checked for normality by
Shapiro Wilk's and Bartlett tests, respectively. The
homogeneity of variances (homoscedasticity) was
checked by the F-test. After confirmation of
homoscedasticity and normality, Student’s t-test
(ZAR, 1996) was applied to compare the samples with
their respective controls. Toxstat 3.5 program (WES
INC,; GULLEY, 1995) was used for these analyses.

In the acute toxicity test, the data for each
sample was compared to the control and to the other
samples. For the analysis of chronic toxicity déte,
Least Significant Difference (LSD) was also taketoi
consideration, by the use of the bioequivalence
constant r = 0.86 (BERTOLETTI et al., 2007).

The resulting data were interpreted in the light
of the toxic effects due to the NHsimilarly to the
approach applied by Abessa et al. (2008) to the
external portion of the Santos Bay. To avoid erairs
interpretation, the toxicity data were reevaluateck,
only for statistical differences but also as to thiee
non-ionized ammonia may have been present at
concentrations high enough to have been a possible
confounding factor (CARR et al.,, 2006). When the
samples” results were significantly different frone
controls’, but showed levels of N 0.05 mg/l, they
were considered to have been influenced by this
confounding factor and were designated as
significantly  different (SD). Based on the
classification into categories of diagnosis for the
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variegatus test proposed by CETESB (2007), the
samples that were significantly different from coht

but exhibited embryonic development rates close to
those of control (> than 80%), were classified as-n
toxic.

ResuLTs
Sediment Grain Size

The majority of stations presented sediments
composed of mixtures of sands and silts (Fig. 2).
Previous studies had characterized the sediments fr
Engenho d'Agua beach, composed predominantly of
very fine and fine sands (ABESSA et al., 2005, 2008
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Fig. 2. Distribution of clays, silts and sandslie sediments
from each sampling station.

Toxicity Tests

Guanabara Bay is characterized as a coastal
polluted and eutrophic area (LOURENCO et al.,
2006), where the occurrence of high concentratains
ammonia, from natural and anthropic origins, can be
expected. Under such conditions, ammonia may

confound the toxicity tests results, especiallyuif-
ionized ammonia (NE} is present in high
concentrations (CARR et al., 2006; SARDA;
BURTON, 1995). However, in this study, the levels of
non-ionized ammonia did not seem to have influenced
the toxicity data in the liquid phases, because the
concentrations were relatively low. The ammonia
percentage in relation to the total nitrogen ranged
between 0.96% at station 7 (near the Guapimirim
EPA) and 10.84% in the northwest portion (statipn 2
which receives disposal of domestic sewage.

For the PW test, all stations were significantly
different from the control, independently of the
dilution level (Table 1).

Considering that the dilutions are used to
minimize the interference of un-ionized ammonia& th
PW toxicity results indicated that the samples fithm
stations 7, 8, 9, 10, 11, 12 and 15 were considered
toxic. The samples from stations 1, 2, 5 and l4ewer
considered as SD, due to the impossibility of
distinguishing whether the effects were caused by
contaminants or by the high ammonia levels. Samples
from stations 6, 7, 12 and 13 were significantly
different from the control, had low ammonia
concentrations, and the embryological development
rates were >80%, thus they were considered as non-
toxic according to the state environmental agency
criteria (CETESB, 2007). Station 3 was also
considered non-toxic.

In the elutriate test, only the sample from
station 2 (100%) showed high concentration of un-
ionized ammonia (Table 2). This station is locaited
the northwest of the GB (Fig. 1).

Table 1. Results of the porewater toxicity testhwhe normal embryonic developmentlofvariegatus
and the unionized ammonia concentrations in eanipleat = significantly different from the control,
p<0.05). Gray cells indicate influence of pleéh the observed effect.

Stations % Larvae development NKmag/L)
100 % 50% 25% 100% 50% 25%
1 o* o* 0* 0.52 0.26 0.13
2 0* 0* 0% 1.00 0.50 0.25
3 0* 0* 85.5 0.21 0.11 0.06
5 o* o* 0* 0.40 0.20 0.10
6 o* o* 91.5¢ 0.14 0.07 0.04
7 0* o* 90.3* 0.07 0.04 0.02
8 o* o* o* 0.06 0.03 0.02
9 o* o* 2.8* 0.14 0.07 0.04
10 o* o* 77.3* 0.04 0.02 0.01
11 o* o* 76.5* 0.04 0.02 0.01
12 o* o* 87.3* 0.06 0.03 0.02
13 0* 0* 87.8* 0.17 0.09 0.05
14 0* 0* 0% 0.21 0.11 0.06
15 o* o* o* 0.16 0.08 0.04
Control 95 0.00 0.0 0.0
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Table 2. Results of the elutriate toxicity testghvthe normal embryonic developmentlofvariegatus
and the unionized ammonia concentrations in eanfplea(* = significantly different from control,
p<0.05). Gray cells indicate influence of Néh the observed effect.

Stations % Larvae development NHKmg/L)
100 % 50% 25% 100% 50% 25%
1 o* 90.8* 93.7+ 0.02 0.01 0
2 o* o* 13+ 0.05 0.02 0.01
3 o* 89.8* 90.8* 0.02 0.01 0.01
5 o* 92* 89.3 0.01 0.01 0
6 89* 93.5¢ 87.5 0 0 0
7 o* 93* 88* 0 0 0
8 o* 93* 91.5* 0.02 0.01 0.01
9 o* 93* 92.3+ 0.01 0.01 0
10 o* 89.7* 91* 0.01 0.01 0
11 o* 89.3* 88* 0.01 0.01 0
12 90.5* 86.8* 86.3* 0 0 0
13 o* 89.8* 93* 0.01 0.01 0
14 o* 91.8* 90.3* 0.01 0.01 0
15 o* o* 89* 0.03 0.02 0.01
Control 95 0 0 0

In this test, most of the samples were 15, which were considered SD, because of the high

considered toxic, except those from stations 6 Ehd concentration of Nkl
which were considered non-toxic because the embryo The acute toxicity test result is shown in
larval development was higher than 80%. Figure 4. The sediment-control from Ilhabela data

In the SWI test, the rate of embryonic exhibited low mortality rate. According to the
development in the controls showed acceptable salue statistical analysis carried out, the survival satd
and low standard deviation. The majority of the amphipods exposed to sediments from stations 3, 2,
samples were considered significantly toxic by this 6, 8, 10, 11, 12 and 15 were statistically différfeom
test (Fig. 3), excepting those collected at statd@and the control group, thus such samples were congldere

toxic.

Sediment-Water Interface Test of Sediments from Guanabara Bay (RJ)

100
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Fig. 3. Sediment-water interface toxicity in sansptellectedn Guanabara Bay, during the rainy period (* =
significantly different from the control, for p <5b).
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Acute Toxicity Test of Sediments from Guanabara Bay (RJ).
* 5 l
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Fig. 4. Whole-sediment toxicity in samples collecia Guanabara Bay, during the rainy period (* =
significantly different from the control, for p <5b).
Discussion ranges between 7 and 3 meters, affecting the local
hydrodynamics. There is a possibility of human
The results of the different toxicity tests were contamination directly associated with the recoeti
correlated, since the interference of non-ionized USe, and food contamination arising from the fighin

ammonia was not significant for most of the samples
(Table 3). Significant toxicity was observed in SWI
and PW tests, but for stations 1, 2, 5 and 14effest
was confounded by ammonia interference. However,
samples 1 and 2 exhibited acute toxicity, togettitr
the sediments from stations 3, 6, 8, 10, 11, 121dnd
Thus, the results indicated that the environmental
conditions were clearly unsuitable for aquatic life
during the rainy season, as most of the samples wer
toxic. Moreover, the ELU tests showed that most
samples were toxic (excepting those from stations 6
and 12), demonstrating that the sediments have the
potential to transfer toxicity to the water column.
Considering an overview for SWI, ELU and PW,
sediments from all the stations showed chronic
toxicity during the rainy season.

According to the location of the stations and
similarity among the results for all of the toxictests,
the GB can be subdivided into four sectors, which
represent the range of environmental degradation
observed among the stations studied in GB:
- Southwest Sector: this is the region near Juaijub
Sound, which included the stations 10, 11 and 12.
Acute toxicity was observed at all stations and, in
general, sediments from these stations showed ichron
toxicity. The presence of the Icarai submarine gewa
outfall in this sector is likely to be contributing
significantly to the ammonia "input". Previous st
had characterized this area as eutrophic (MARQUES-
JUNIOR et al., 2006).

Since the construction of the Rio-Niteroi

Bridge, the watershed adjacent to Jurujuba Sound has
suffered  extensive  deforestation and rapid
urbanization, which has led to increased coastal
erosion, as well as to the dumping of garbage and
sewage into the local waters. Nowadays, the depth

and shellfish cultivation practiced in this areaGi.

The bioaccumulative metals, such as Cr, Cu, Pb, Ni
and Zn, were recently found in high concentrations
sediments from this area (BAPTISTA-NETO et al.,
2000; 2005). Metal levels in Jurujuba Sound
sediments are comparable to those of other highly
polluted coastal areas in the world (BAPTISTA-
NETO et al., 2006; VILELA et al., 2004) such as San
Francisco Bay in the United States (PARANHOS et
al., 1998).

- Southeast Sector: this region is closer to the Rio
Niteréi Bridge and Rio de Janeiro Port and includes
the stations 13, 14 and 15. Sediments from these
stations were considered chronically toxic in aste
two tests. Sediments collected at station 15 also
showed acute toxicity. Regarding the possible
sediment impacts in the water column, which may be
estimated by the results of the ELU and SWI
bioassays, it is clear that any activity that would
remove or re-suspend sediments in this area shruld
well planned and carried out with caution, becahse
conditions for the transfer of the sediment
contaminants from the sediment to the water column
exist.

- Northwest Sector: this sector comprises theostat
located between Governador Island and the mainland
(Stations 1, 2, 3 and 5). Stations 1, 2 and 3.eclts
REDUC, are permanently influenced by the effluent
and atmospheric processes, and they, especially the
mangrove area (MACIEL-SOUZA et al., 2006), were
recently impacted by oil spills. High levels of
coprostanol (an indicator of fecal contaminatioyrev
recently reported in the region near stations 2 &nd
and were the highest anywhere in the bay
(CARREIRA et al., 2004). These sediments also
showed acute toxicity.
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Table 3. Summary of toxicity test data for sedimesnnples from Guanabara
Bay: qualitative results after the data interpietatconsidering the statistical
analysis and the NH3 interference (SD = signifiartifferent from the

control; NT = non toxic).

Staions Toxicity Tests

PW ELU Swi ws
1 SD Toxic Toxic Toxic
2 SD Toxic SD Toxic
3 NT Toxic Toxic Toxic
5 SD Toxic Toxic NT
6 NT NT Toxic Toxic
7 Toxic Toxic Toxic NT
8 Toxic Toxic Toxic Toxic
9 Toxic Toxic Toxic NT
10 Toxic Toxic Toxic Toxic
11 Toxic Toxic Toxic Toxic
12 Toxic NT Toxic Toxic
13 NT Toxic Toxic NT
14 SD Toxic Toxic NT
15 Toxic Toxic SD Toxic

According to BORGES et al. (2007), the
area close to stations 1 and 3 is considered pdlloy
Cu and Pb, and this problem has been exacerbated by
the degradation of the vegetation in this areachvhi
has modified the accumulation of organic-matter,
possibly also altering the processes of the
accumulation of metals. It is characterized asgiore
of low depth, high ammonia levels and low dissolved
oxygen, with poor circulation and high inflow of
domestic sewage, in addition to the residues frioen t
refinery. The chronic toxicity was evident in ELdda
SWI tests.
- Northeast Sector: This region comprises Paqueta
Island and a broad mangrove area. It includesoststi
6, 7, 8 and 9. Acute toxicity was observed in the
sediments from stations 6 and 8. Stations 7, 8%nd
exhibited chronic toxicity in the three experimerits
this area, specifically in station 7, the interatitvater
had lower NH concentrations.

In an overview, it was observed that all the
stations sampled showed chronic toxicity and the PW
bioassay was the most influenced by un-ionized
ammonia. There is a dynamic equilibrium between the
dissolved compounds in interstitial water and those
adsorbed in the solid phase of the sediment, called
Equilibrium Partitioning - EqP (CHAPMAN et al.,
2002), which is dependent on environmental
conditions and the intrinsic characteristics of heac
substance, and that helps to explain the effecéemch
contaminant on the biota. Interstitial water teésted to
be more sensitive when there is contamination by
metal, probably because metals may be solubleen th
water column, allowing these contaminants to be
accumulated by the embryos (CESAR et al., 2004). In
some cases, SWI can provide a better agreement with
chemical contaminant levels and changes in the
macroinvertebrate community (CESAR et al., 2004),
because the chemical activity at the sediment—water
interface directly affects the quality of the adjat

water column. Thus, beyond the sediments, the
adjacent water column and the local biota are being
affected, due to local contamination.

Geochemical studies should be conducted to
complement the present study. However, the ptesen
data provide important evidence that much GB
sediment is detrimental to aquatic life (whethee th
result of chemical contaminants or ammonia). At the
stations sampled, the sediment quality of GB was
generally poor, probably due to human activities
conducted around the GB and to the chemicals
discharged from industrial and municipal sources.

Also, sediment toxicity has some additional
implications for the GB areas where mangroves are
still present: a) these ecosystems are importar tal
their productivity and the economic and ecological
services they provide. At the same time, they are
highly sensitive to the effects of human activities
thus, these areas should be protected from patlutio
and, if they have already been contaminated, teeg n
to be restored.

There is also a need to establish connections or
causal links between contamination, geochemical
aspects, toxicity and their effects on benthic
communities. The comprehension of the effects on
benthic communities also needs to be enhancedlas we
as the fate of contaminants in GB, including
degradation, immobilization, bioaccumulation and
exportation to other ecosystems. Meanwhile, thekwor
of researchers should not be restricted to specific
diagnoses of environmental quality, but should also
include continuous monitoring, permitting the
introduction and evaluation of corrective measures,
mitigation, control and prevention. Also, the natib
environmental legislation should be fully applidar
the purpose of controlling the sources of polluant
and promoting a recovery of the environmental dqyali
of Guanabara Bay.
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