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ABSTRACT

Mangroves perform essential functions in biological cycles and are protected by law in Brazil. However, they are being
degraded above their support limit, leading to a reduction in the areas around the world. The area investigated in the
present study is a potentially unpolluted mangrove ecosystem in the south of Rio de Janeiro State, Brazil. The aim of
this work was to investigate the presence of metals and polycyclic aromatic hydrocarbons (PAHs) in mangrove sedi-
ment and to correlate them with mutagenic and genotoxic activity. Four seasonal samplings undertaken between 2009
and 2010 at five sites were analyzed. Dichloromethane extracts were obtained under sonication and subjected to
mutagenicity assays using Sa/monella microsuspension. Metal (Cd, Cr, Cu, Ni and Pb) contents were determined by
atomic absorption spectrometry, while the quantification of PAHs was performed by gas chromatography-mass spec-
trometry. Goniopsis cruentata hemocytes were used to assess potential genotoxic damage (Micronucleus assay). The
absence of mutagenicity was observed for all samples using Salmonella typhimurium strains TA97, TA98, TA100 and
TA102, in the absence and presence of an exogenous mammalian metabolizing system. Among the metals, Cd and Cu
were detected in autumn at values exceeding the threshold effect level and below the probable effect level. Benzo[a]
pyrene was detected at levels above the threshold at one site, where small effects could be observed in the biota. Sig-
nificant differences in the micronucleated cells observed suggest DNA damage had been induced by the PAHs identi-
fied.

Keywords: Sediments; Mutagenicity; Goniopsis cruentata; Genotoxicity; Polycyclic Aromatic Hydrocarbons (PAHs);
Metals

1. Introduction compartment for the study of metals and polycyclic aro-
matic hydrocarbons (PAHs) [2]. Among the substances
that may be pollutants (USEPA 2010), PAHs result
mainly from the burning of fuels entering the aquatic
environment mainly through atmospheric deposition,
urban runoff, municipal effluents, industrial wastewater,
and oil spill increasingly common. They have a low rate
of degradation in the environment and are a widely used
class of geochemical markers with known toxic and mu-
tagenic potential, or carcinogenic properties [3].

Since sediments are transported by rivers to other
bodies of water or the sea, analyses of sediments in dif-
ferent settings from the same region are useful for track-
ing and managing the control of contaminant dispersal
routes [4]. Most of the contaminants that enter aquatic

The characterization of unpolluted or slightly impacted
areas is necessary for monitoring the environment, pre-
venting impacts and implementing solutions where the
remediation of environmental accidents is required. In
this context, mangrove areas are important as they pro-
vide a barrier against pollutants and perform unique eco-
logical roles, representing direct economic value. How-
ever, due to fluctuations in chemical and physical dy-
namics and geomorphological conditions, the interpreta-
tion of the effects of disturbances on biotic communities
is a complex task [1].

Sediment has been identified as an important suitable
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systems accumulate in the bottom sediment. As such,
sediments are the ultimate destination for all processes
occurring in the air, water and soil, with the ability to
accumulate low concentrations of the elements present in
water [5].

Background values for marine sediments have been
established by the National Oceanographic and Atmos-
pheric Administration (NOAA, USA) and are referenced
as the threshold effect level (TEL) and the probable ef-
fect level (PEL) [6]. In Brazil, the quality criteria for
sediments to be dredged (National Council of the Envi-
ronment-CONAMA Resolution 344/2004) [7] and for
soils (CONAMA 420/2009) [8] exclude cover for marine
sediments. Beyond this restriction, no criteria or guiding
values have been established for the quality of marine
sediments, although the marine domain is increasingly
exploited and influenced by harbor activities, oil explora-
tion, industrial activities and oil refining.

A mangrove located in Saco do Mamangué harbor and
part of Juatinga Ecological Reserve [9], which is a con-
servation area (APA Cairugu), is an example of a pre-
served mangrove that is susceptible to impacts. Saco do
Mamangua is on the mainland of Brazil in Ilha Grande
bay, which lies between S@o Paulo and Rio de Janeiro,
areas of high population density that have been widely
impacted by industrial, tourist and agricultural activities.
About 2000 people live in Saco do Mamangua, but in the
summer months it receives as many as 20,000 visitors.
During this season, the increased volumes of sewage,
garbage, boats and cars in adjacent areas can induce en-
vironmental impacts. These activities may lead to an ac-
cumulation of metals and PAHs, resulting in rising toxic
effects in individuals or populations in the medium and
long term. It is known that these substances can cause
deleterious mutations, and thereby increase the risk of
neoplasia [10]. The absence of studies that consider these
effects in the mangroves around the world justifies un-
dertaking predictive studies in Saco do Mamangua.

The aim of this preliminary study was to obtain qunati-
tative analysis of metals and PAHs in Saco do Maman-
gud and to evaluate the mutagenic activity of sediment
organic extracts and genotoxic damage in native crabs.
The determination of these pollutant levels and investi-
gation of the associated damage may contribute towards
improving the reference indicators for the environment in
the Ilha Grande bay mangroves. These data will be use-
full for the local communities, management teams and
government for registration and comparison with later
data. For this purpose, the samplings sites were also
characterized for their physicochemical and granulomet-
ric properties. A short-term Salmonella/microsome bio-
assay, which is recommended for in vitro predictive test-
ing by national-CONSEMA 2006 [11] and international
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assessments in environmental samples-USEPA 1998 [12]
and as a micronucleus assay using an in vivo model [13]
were used in the present work.

2. Materials and Methods
2.1. Study Area and Experimental Design

The area is located in the municipality of Parati, between
latitude 23°17'S and 23°18'S and meridian 44°38'W, on
the southern coast of Rio de Janeiro state (Figure 1(a)).
Samples of surface sediments (5 - 15 cm) were collected
in triplicate manually from the five sites in the Saco do
Mamangua mangroves (M1 - M5; Figure 1(b)) using
suitable, uncontaminated equipment, and stored, all in
accordance with internationally recognized standard pro-
cedures-USEPA 2001 [14].

Quality control were observed due to minimize inter-
ferences, especially in localities potentially clean. We
used uncontaminated amber glass vials and stainless steel
spatulas and kept refrigerated until they reach the labo-
ratory where they were frozen.

Adult male crabs (Goniopsis cruentata) were collected
manually using gloves and hand-held fishing nets, having
first received licenses for this activity from the relevant
state and federal environmental agencies. The red-clawed
mangrove tree crab (G. cruentata) was identified in the
field by its typical morphological features [15]. Only one
animal was collected per point, totaling five individuals
per season. The protocol used complied with the Ethical
Principles in Animal Research adopted by the Brazilian
College of Animal Experimentation (COBEA) and was
approved by the Ethics Committee for the Care and Use
of Experimental Animals from the Roberto Alcantara
Gomes Institute of Biology (CEA/014/2010)—Rio de Ja-
neiro State University (UERJ).

Four season samplings were undertaken between Oc-
tober 2009 and December 2010, named spring I, summer,
autumn and spring II. The campaigns and their respective
types of samples and analysis are summarized in Table 1.

Adult male crabs (Goniopsis cruentata) were collected
manually using gloves and hand-held fishing nets, having
first received licenses for this activity from the relevant
state and federal environmental agencies. The red-clawed
mangrove tree crab (G. cruentata) was identified in the
field by its typical morphological features [15]. Only one
animal was collected per point, totaling five individuals
per season. The protocol used complied with the Ethical
Principles in Animal Research adopted by the Brazilian
College of Animal Experimentation (COBEA) and was
approved by the Ethics Committee for the Care and Use
of Experimental Animals from the Roberto Alcantara
Gomes Institute of Biology (CEA/014/2010)—Rio de Ja-
neiro State University (UERJ).
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Figure 1. (a) Location map of the study area; (b) M1-Mb5, represents sampling sites in the Saco do Mamangué mangrove forests.

Table 1. Sample studies performed in Saco do Mamangué& mangrove forest (Rio de Janeiro, Brazil).

Sampling Period Sample Types Physicochemical Measurements Analyses

Spring 1 October/2009 Sediment, Crab pH Mutagenicity, Genotoxicity, PAHs
Summer March/2010 Sediment, Crab pH, Temperature, Eh Mutagenicity, Genotoxicity, PAHs
Autumn July/2010 Sediment pH, Temperature, Eh Mutagenicity, Metals, PAHs
Spring 1T December/2010 Sediment, Crab pH, Temperature, Eh Mutagenicity, Genotoxicity, Metals, PAHs

Four season samplings were undertaken between Oc-
tober 2009 and December 2010, named spring I, summer,
autumn and spring II. The campaigns and their respective
types of samples and analysis are summarized in Table 1.

2.2. Grain Size Analysis

The grain size analysis was performed in the Laboratory
of Geological Oceanography/UERJ, according to Suguio
(1973) [16]. Fractions of the sediments were classified as
sand, silt and clay, giving a basic characterization of the
site.

2.3. In Situ Physicochemical Measurements

Sediment pH and temperature were determined as de-
scribed by Burton ef al. (2005) [16] using a portable me-
ter Q400AM (Quimis, Brazil), by directly inserting cali-
brated electrodes into the sediments at the sampling sites.
The Eh (redox potential) of the sediment was measured

Copyright © 2012 SciRes.

in the same way using a combined platinum electrode
with an Ag/AgCl/3 M KCl reference electrode. The mea-
surements were corrected to the standard hydrogen elec-
trode by calculating against the standard potential of the
reference electrode.

2.4. Sediment Organic Extracts

The extraction of PAHs was carried out according to
Tagliari et al. (2004) [17], with some modifications. A
30-g aliquot of wet-dried sediment was sonicated by in
four 5 min cycles in dichloromethane (Tedia, HPLC
grade) (100 mL per cycle). The organic extracts were
first filtered through glass wool (Reagen, Brazil) and
sodium sulfate (Proquimios, analytical grade) and further
through Celite 545 (Tedia, Brazil) and sodium sulfate.
The filtrates were concentrated in a rotary evaporator
(Fisatom) (40°C) and the final volumes were adjusted at
15.0 mL. These filtrates were stored at —20°C for up to
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30 days. Immediately before the mutagenicity analysis,
the extracts were evaporated under nitrogen and resus-
pended in dimethylsulfoxide (DMSO, analytical grade).

2.5. Chemical Analysis—Metals and PAHs

For the metal (Cd, Cr, Cu, Ni and Pb) analysis, the Aqua
Regia Extraction Protocol was based upon the BCR-701
reference procedure from standards, measurements and
testing programme [18], which determines traces in sedi-
ments. Samples were wet-sieved through a nylon 63 um
sieve and dried at 50°C until constant weight. 1 g sedi-
ment was extracted in duplicate with 9.3 mL Aqua Regia
(room temperature for 16 h, followed by heating for 2 h)
and blanks were also prepared without sediment. Quanti-
fication of Cd, Cr, Cu, Ni and Pb was performed by
atomic absorption spectrophotometry using an AAS-240
(Varian) with air-acetylene flame and graphite tube at-
omizer.

Sixteen PAHs that have been established as priority by
the EPA were quantified by gas chromatography/mass
spectrometry (GC/MS). The identification and quantifi-
cation of the PAHs was performed using a Varian system
consisting of a gas chromatograph (450-GC), with a split/
splitless injector 1177S/SL (kept at 300°C) coupled to the
mass spectrometer detector MS 220. The ion trap
(250°C), manifold (280°C) and transfer line (280°C) were
maintained at constant temperatures.

PAHs were identified by mass similarity and by the
retention time of the components in a commercial stan-
dard kit (Supelco, PAH610-S). Quantification was based
on five calibration points, which were constructed from
each standard for all target analytes ranging from 10 to
250 pg/uL. Injections (1.0 pL) were splitless, with the
split opened after 0.5 min, and helium was used as the
carrier gas. A VF-5MS column (30 m x 0.25 mm x 0.25
pum) was employed. The column and septum purge flows
were set at 1.6 and 3 mL-min ', respectively. The oven
temperature program was as follows: 70°C for 4 min and
70°C - 300°C at 10°C-min"'. The limits of quantification
were determined from the minimum point in the calibra-
tion curves. Limits of detection were determined from
PAH concentrations which resulted in a signal-to-noise
ratio of 3:1. Content values were calculated for the
weight of sediment with the blank discounted. Blanks
were prepared in the absence of sediment, and the result-
ing extracts were analyzed identically.

2.6. Salmonella/Microsome Assay

The mutagenicity of sediment organic extract was evalu-
ated using the Salmonella microsuspension bioassay with
modifications [19] using the TA97, TA98, TA100 and
TA102 strains of S. yphimurium. Aliquots of 100 uL
bacterial culture (10" cels/mL) and 100 pL metabolic
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activation mixture (S9 mix) or phosphate buffer (0.2 M,
pH 7.4) were pre-incubated with extract concentrations
(2.5, 10, 40 and 80 mg sediment/plate). The S9 mix was
prepared from a mammalian microsomal fraction S9
(Moltox, USA), activated by the polychlorinated biphe-
nyl mixture Aroclor 1254, added with cofactors [20].

DMSO (5 pL) was used as a negative control. The
positive control for strains without exogenous metabo-
lism (-S9) was 4-nitroquinoline-1-oxide (CAS 76082-65-
0), 1 pg/plate for TA97 and TA9S, sodium azide (CAS
26628-22-8), 10 pg/plate for TA100 and mitomycin C
(CAS 50-07-7), 10 ug/plate for TA102. The positive
control in the assays with S9 mix was 2-aminoanthracene
(CAS 613-13-8), 5 pg/plate for TA97, TA98, TA100 and
TA102.

Samples were pre-incubated for 90 min, light pro-
tected, at 37°C, without shaking. After this period, 2 mL
top-agar (0.7% agar, 0.6% NaCl, 50 uM L-histidine, 50
UM biotin, pH 7.4, 45°C) was added to the test tube and
poured into a Petri dish containing minimal agar (1.5%
agar, Vogel-Bonner E medium containing 2% glucose).
Mutagenicity was determined by counting the revertant
colonies induced after incubation for 72 h.

Cytotoxicity was performed by suitable dilution in
NaCl 0.9% (w/v) and a final suspension was plated on
nutrient agar (1.5% agar, 0.8% Bacto nutrient broth
(Difco), 0.5% NaCl). The plates were then incubated at
37°C for 24 h and the colonies counted. All the experi-
ments were done in triplicate. Cytotoxicity was consid-
ered positive when there were 60% fewer colonies than
observed in the negative control.

Samples were considered mutagenic when the number
of revertant colonies from the induced mutation (MI) > 2,
which is a significant response for the one-way analysis
of variance (ANOVA, P < 0.05) and no cytotoxicity was
observed [21]. Correlations were calculated by Pearson’s
correlation coefficients.

2.7. Micronucleus Determination

Hemolymph was removed from the crabs’ cheliped with
a syringe (21 G 1/2" 0.45 x 13). The hemolymph was
transferred to a microscope slide, previously covered
with poly-lysine, dried at room temperature and then
fixed with Carnoy solution (methanol/acetic acid 3:1) for
20 min. The dye used was 3% v/v Giemsa solution for 20
min, and the excess was removed by washing with de-
ionized water. By examining the slides using light mi-
croscopy (500x or 1000x), 1000 hemocytes per animal
were counted and the number of micronucleus (MN)
cells were recorded [22]. The samples were compared to
each other using ANOVA and Tukey’s test. A null hy-
pothesis test was run to compare average values with
reported criteria for positive results.
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3. Results and Discussion
3.1. Grain Size Characterization

Table 2 shows data obtained from the granulometric
analysis of the sediment. Sites M1 to M4 had a similar
composition, with 0.2% sand and 99.8% mud, which was
divided into silt and clay. M5 had a lower composition of
mud (84.4%) than the other sites, probably because of its
location: it is closer to the mouth of the cove, making its
sediments more prone to movement (hydrodynamics).

Teixeira (2009) [23] obtained similar results in his
evaluation of sediments from several creeks in Ilha
Grande bay and 23 specific points along Saco do Ma-
mangud, reporting that this latter harbor had the highest
average clay content. Particles lower than 63 um are the
most important fraction for the analysis of contaminants,
because their properties (e.g. large areas and high ion
exchange capacity) make them effective cleaning agents
for some contaminants that are discharged into aquatic
systems [24].

3.2. Physicochemical Measurements

A description of physicochemical parameters is pre-
sented in Table 3. The pH range observed improves oxi-
dizing conditions in mangrove sediments [25,26]. Con-
sistent pH differences between sampling sites within the
same season were not observed. As expected, the highest
temperature averages were detected in summer, followed
by spring II and autumn. The Eh values suggest that the
environment was neither predominantly reducing (nega-
tive scale) nor oxidizing (positive scale). It is known that
mangroves have variations in their Eh values that range
from positive to negative scales in surface soil [25,26].
However, it is interesting to point out that M1 and MS5,
closest to the mouth of Saco do Mamangua cove, had
slightly more oxidizing values than the other sites. Such
values are often related to higher topographies and ma-
ture mangrove forests.

3.3. Metals and PAHs

The chemical analysis of metals (Table 4) indicated
values above TEL—Cd and Cu in autumn—but neither
was above the PEL (9.6 and 270 mg-Kg ™' sediment
equivalent, respectively). The highest content of each
metal was found in this season, suggesting a seasonal
effect on metal content. No correlation between the me-
tals and the physicochemical parameters was observed, but
the highest contents could be related to waste from tour-
ist activity in the summer.

As can be observed from Table 5, only the highest
molecular weight PAHs were detected and quantified.
The highest PAHs values were found in spring I and

Copyright © 2012 SciRes.

Table 2. Granulometric compositions (%) of the sediments
from Saco do Mamangué mangrove forest (Rio de Janeiro,
Brazil).

Sites
Fraction (%)

M1 M2 M3 M4 M5

Sand* (63 pm-2mm) 02 02 02 02 156
Silt* (2 - 63 um) 553 545 556 547 462

Clay" (<2 um) 44.5 453 44.2 45.1 382

*Classification following criteria according to Suguio (1973).

Table 3. Physicochemical parameters obtained in situ in
Saco do Mamangua mangrove forest (Rio de Janeiro, Bra-
zil).

Season Sampling  Sites pH Temperature (°C) Eh (mV)
Ml 6.5 -t -
M2 7.0 R 2
Spring I M3 7.0 - -
M4 6.5 B -
M5 6.0 R 2
Ml 6.8 29.5 44
M2 6.9 31.7 —341
Summer M3 6.9 31.5 -168
M4 6.6 29.9 —164
M5 7.1 29.1 312
Ml 7.4 234 93
M2 6.7 23.0 24
Autumn M3 6.5 22.4 128
M4 6.1 22.7 =78
M5 6.7 23.2 173
Ml 5.9 25.0 180
M2 5.6 25.0 67
Spring 11 M3 6.0 30.0 —147
M4 6.6 32.0 79
M5 6.5 28.6 245

*Not measured.

summer, with some of the samples from M1 in both sea-
sons yielding values above the TEL. The highest Benzo
[a]lpyrene (B[a]P) content, found in summer, could be
attributed to tourist activity, while the highest ZPAH, in
spring I, could derive from an occasional, unidentified
event. In autumn, B[a]P was only detected in M1,and no
PAHs were detected in spring II. Site M1 had the highest
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Table 4. Total metal concentration in mangrove sediment samples from Saco do Mamangua (Rio de Janeiro, Brazil).

Autumn
Metals

Ml M2 M3 M4 M5
Cadmium 1.6" 0.1 R R 1.0
Chromium 3.9 11.5 7.7 5.5 5.8
Copper 31.7 66.8" 423" 21.6 1.7
Nickel 16.2 10.3 6.0 7.5 12.2
Lead 14.8 11.8 13.8 6.5 17.0

Spring 11
Ml M2 M3 M4 M5
Cadmium 0.5 0.8 0.8 0.6 0.2
Chromium 2.1 3.1 43 6.6 8.7
Copper 13.9 R 1.8 1.8 13.2
Nickel 9.3 9.5 9.8 8.9 6.4
Lead 6.5 10.3 11.5 9.8 13.3

*mg-Kg ' sediment equivalent; *Not detected; "Values above TEL (threshold effect level) for marine sediments (1.2 and 34

for Cd and Cu respectively).

Table 5. PAH identified and quantified in the organic sediments extract from Saco do Mamangua mangroves (Rio de Janeiro,

Brazil).
DAL Lo Spring 1
M1 M2 M3 M4 M5
Benzo[a]anthracene 0.006 0.07 - - - -
Chrysene 0.006 0.04 - - - -
Benzo[b]fluoranthene 0.012 0.11 0.07 -° - ¢
Benzo[k]fluoranthene 0.012 0.12 0.07 -° - ¢
Benzo[a]pyrene 0.012 0.18 0.12 - =€ -
Indeno[1.2.3-cd]pyrene 0.031 0.27 0.19 0.11 0.08 -
Dibenzo[a.h]anthracene 0.031 0.22" 0.22 0.06 0.05 0.06
Benzo[g.h.i]perylene 0.031 0.34 0.20 0.07 0.07 -
Summer Autumn
PAH? LQ® M1 M2 M3 M1
Benzo[a]anthracene 0.006 - £ - R
Chrysene 0.006 - - - -
Benzo[b]fluoranthene 0.012 - £ -¢ -
Benzo[k]fluoranthene 0.012 - £ -¢ -
Benzo[a]pyrene 0.012 0.46" - - 0.07
Indeno[1.2.3-cd]pyrene 0.031 0.06 - - -
Dibenzo[a.h]anthracene 0.031 - - -c -
Benzo[g.h.i]perylene 0.031 0.13 0.09 0.07 -°

*mg-Kg ™' sediment equivalent; *Unlisted PAHs were not detected (<limit of detection) in all sampling sites; “Limit of
Quantification by GC/MS; for unlisted PAH LQ was 0.006 mg-Kg '; PAH in other season sampling and sites were not
detected; °Not detected; "Values above TEL (threshold effect level) for marine sediments (0.088 mgKg ' for

Benzo[a]pyrene, 0.006 mg-Kg ' for Dibenzo[a./]anthracene).

Copyright © 2012 SciRes.
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PAH content, independently of the season. In fact, it was
observed that ZPAH in M1 > M2 > (M3, M4 and M5), in
a comparison between seasonal sampling campaigns of
the sites with the presence of PAHs. This feature may
also be related to the local geomorphology, since M1 and
M2 are both located in the southern portion of the harbor,
whereas the others are on the opposite side. In fact, as
M5 is more subject to hydrodynamics and has a low
composition of fines, a decrease in the retention of or-
ganic compounds is to be expected.

The highest levels of toxic chemicals, both metals and
nonmetals, were observed in samples from different sea-
sons. However, it is highly likely for two or more pol-
lutants to have been simultaneously present in the areas
of the mangrove under study. Cd and B[a]P were found
to be above the TEL in different periods in the Saco do
Mamangua mangrove. The interaction between these
substances has been identified as potentially causing
genotoxic damage to the zebra mussel Dreissena poly-
morpha, which is considered a sentinel organism in Eu-
rope [27].

3.4. Salmonella/Microsome Assay

No mutagenic or cytotoxic responses were observed in
any of the samples taken from any of the sites in any of
the sampling campaigns, since the MI values were lower
than 2 (data shown in electronic supplementary material).
These results suggest that the toxic compounds could be
interacting with carbonaceous matter in the sediment,
reducing their mutagenicity [28] or their contents are
lower than values for inducible DNA damage by addition,
deletion or base pair substitution. Nevertheless, dose-
response trends in a strong positive linear relationship (r
> 0.8, P < 0.05) were observed in some bioassays, the
majority for TA97 in either the absence or presence of
metabolic activation (M2 - M5 in spring | and M1 - M5
in autumn, respectively), suggesting that an increase of
doses of sediment extract per plate could increase the MI
values. The positive trend curves observed for all the
points in autumn may be due to the higher levels of car-
cinogenic metals than in the other seasons.

In the summer, when the highest B[a]P content was
detected, significant (P < 0.05) dose-response trends
were observed in the absence of S9 mix, except for the
TA100 strain. The maximum dose of sediment equiva-
lent per plate was approximately 0.04 ng of B[a]P. This
is 10 times less than the positive referenced value for
mutagenic activity in TA98 and YG1041 with metabolic
activation [29].

Our results are in accordance with other studies that
also found negative results for reference areas [17,29].
However, soils and sediments in remote locations often

Copyright © 2012 SciRes.

have or indicate positive mutagenicity, making it hard to
find adequate reference sites [30,31]. Furthermore, en-
vironmental matrices often induce significant dose-re-
sponses in the Salmonella/microsome assay, especially
on the TA9S strain with and without exogenous metabo-
lism [30,32].

3.5. Micronucleus Assay

The micronucleus determinations for each 1000 hemo-
cytes, with their respective means and standard devia-
tions, in five specimens from each season sampling, are
presented in Figure 2. The absence of results for autumn
is because this is the period of molting or ecdysis, during
which the crabs remain holed [33,34]. A statistically sig-
nificant (P < 0.01, ANOVA and Tukey) increase in the
number of micronucleated cells was observed in summer
compared to spring I and II.

The genotoxic damage observed in summer cannot be
related to the analysis of mutagenesis in the sediment,
since negative results were observed, but it may be dis-
cussed in conjunction with the PAHs characterization
data. Fossi et al. (2000) [35] evaluated the micronucleus
induction of hemocytes after exposure of the crab Car-
cinus aestuarii to B[a]P. They described positive results
for values equal to or above 4 MN/1000 hemocytes, and
reported that 11 MN/1000 hemocytes were found when
the animals were exposed to 1.0 mg-Kg™' B[a]P. Our
data indicate a similar relationship, with 6.6 MN/1000
hemocytes in summer, exactly the season in which 0.5
mg-Kg ™' B[a]P was found in the sediment. This micro-
nucleus frequency was just above (P < 0.05, null hy-
pothesis test) the value reported as indicating positive
genotoxicity [35].

4. Conclusion

Our data provide a basis for characterizing the metals and
PAHs contents in sediments from Ilha Grande Bay, with
the aim of enabling the effective management of the en-

10

8

MN/1000 cells

Summer

Spring I Spring I1

Samplings

Figure 2. Micronucleus frequencies among the season sam-
plings.
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vironment and related areas in response to the impact of
human activities. Based on the results we suggest that the
mangrove areas can still be considered susceptible to low
or moderate contamination, which has resulted from the
impact of the rapid expansion of economic and tourism
activities in the surrounding regions. From a genetic
toxicological viewpoint, the study sites seem to have
been moderately polluted with Cd and B[a]P, which in-
duce genotoxic damage. More stringent regulations by
official agencies would help minimize and prevent the
environmental impacts caused by human activity around
the Saco do Mamangua mangrove, thereby preserving
this site and keeping it as a reference for non-contami-
nated mangroves.
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