Anais da Academia Brasileira de Ciéncias (2003) 75(1): 77-90
ug) (Annals of the Brazilian Academy of Sciences)
' ISSN 0001-3765

www.scielo.br/aabc

Spatial distribution of organic matter in the surface sediments of
Ubatuba Bay (Southeastern — Brazil)

LETICIA BURONE 1, PABLO MUNIZ 1.2, ANA MARIA S. PIRES-VANIN 1
and MARCELO RODRIGUES !

Linstituto Oceanogréafico da Universidade de S&o Paulo (IOUSP)
Cidade Universitaria, 05508-900 S&o Paulo, Brasil
2Oceanologl’a, Departamento de Ecologia, Facultad de Ciencias, Montevideo 11400, Uruguay

Manuscript received on September 28, 2001; accepted for publication on October 25, 2002;
presented by SETEMBRINO PETRI

ABSTRACT
Analyses of organic matter content, organic carbon, nitrogen, sulfur and granulometric variables were per-
formed on 101 surface sediment samples from Ubatuba Bay in order to investigate the spatial distribution
of organic matter, its origin and the relationships among its components. The samples were obtained with a
manual corer, from water depths between 1 and 15m during 5 cruises of the R/V “Veliger 11", two months
apart. Pearson correlation, regression and Principal Component Analysis (PCA) statistical methods were
used to analyze the data. Strong correlations between organic matter and fine sediment fractions were ob-
tained. The PCA revealed at least two main sample groups that reflect the different environmental conditions
prevalent in the bay. There is a simple linear relationship between organic carbon content and the organic
matter content determined by the calcination technique. Taking into account that the analysis of organic
matter content is less expensive and less time consuming than the analysis of organic carbon, the present
method of estimation can be useful when fast evaluation of the organic carbon content is needed for samples
from similar environments.

Key words: organic matter, sediment, C/N ratio, Ubatuba, Brazil.

INTRODUCTION Carbon and nitrogen are two of the principal

Within aquatic ecosystems, bottom sediments havgomponents_ of the organic_: matter. The organic ca_r—
an important function as an efficient natural trapbon contentin surface §ed|ments depends'otlaserles
for diverse substances (including contaminants) an8f fa.ctors. such as se@mentary characterlstlcs., .rate
also as a natural regulator of the processes that occfﬂr microbial Qegradauon,_column water proQuctMty
inside the sea floor. They can store large amountgnd terrestrla'l inputs.Higher plant organllc matter
of organic matter and affect the oxygen content ofha_S a '°,"Ver nltroggn C,°”“"”F and th.us a h"?hef CN
bottom water. Bottom sediments also constitute aratlo..ngh CN raths N marine se.d|m.ents |nd|cate.
source of nutrients for the water column above thenf* terrigenous organic matter. co_ntr|_but|_on (Faganell
leading to benthic-pelagic coupling and influencing etal. 1988). Phytoplankton is rich in nitrogen com-

primary productivity (Jargensen 1996) pounds and low C:N ratios of sediments indicate a
dominance of marine organic matter (Carpenter and
Correspondence to: Pablo Muniz Capone 1983).
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Almost all marine coastal ecosystems have Water circulation is generally clock-wise, with
complex structural and dynamic characteristics thathe inflow from the south. The input of fluvial sed-
can be easily modified by anthropogenic influencesiments is strongly dependent on the rainfall regime
Any change in chemical properties of the sediment{Mahiques et al. 1998) leading to a higher contri-
can affect benthic communities, including their sur-bution during the summer season. Four rivers flow
vival. The north coast of the S&o0 Paulo State has seunto the bay and greatly influence its water qual-
eral enclosed bays strongly affected by the increasity (CETESB 1996), especially during rainy periods
ing tourism and urbanization (Furtado et al. 1987).when large amounts of untreated sewage are intro-
Due to their physiography, the water circulation andduced from Ubatuba City.
dispersion of exotic elements are restricted when
compared with open sea areas. For these reasons,
the study of organic matter content in marine sedi-
ments, and its origin, are important tools for under-A total of 101 surface sediment samples were col-
standing the environmental conditions of the coastalected using a corer sampler on board the Research
ecosystem, and also for its monitoring, conservation/essel ‘ Veliger 11’’. Of these 101 samples, 43 were
and restoration. collected during the austral summer of 1998 (Febru-

The aim of this work is to study the distribution ary) and the remainder taken bimonthly between De-
and inter relationships of the organic matter, carboncember/1999 and June/2000. The sampling design
nitrogen and sulfur content in surface sediments ofvas based on the “Concentric Ring Sampling Pat-
the Ubatuba Bay, northern littoral of S&o Paulo Statetern” (Mudrock and Macknight 1991), combined
Brazil. Itis part of a larger research project to studywith depth distribution (Fig. 1).
the ecological aspects of benthic communities and  Sub-samples were taken for organic carbon, ni-
the effects of some anthropogenic activities on thistrogen, sulfur, organic matter and grain size analy-
coastal ecosystem. ses. Organic carbon, total nitrogen and sulfur were
determined using about 500mg of freeze-dried and
weighed sediment, decarbonated with 1M solution
The Ubatuba Bay is located on the northern coasbf hydrochloric acid, washed 3 times with deion-
of S&o Paulo State (235'S-2327'S and 4801'W-  ized water, freeze-dried again and then analyzed in
45°03'W), and protected from south and southwesta LECO CNS 2000 analyzer. Organic matter con-
waves from the open sea (Mahiques 1992). Thdent in the sediments was determined by the calci-
mouth of the bay is 4.4km across from Ponta donation technique according to Byers et al. (1978).
Respingadorto Ponta Grossa (Fig. 1). GeologicallyThe results were expressed as percentage of total
it is characterized by the presence of granites an@rganic matter in each sample. Granulometric com-
migmatites, part of the Serra do Mar mountain chain position was analyzed using low-angle laser light
which reaches the shore in this portion of the coasscattering (LALLS), type Malvern 2000 and size in-
(Mahiques et al. 1998). tervals were classified using the Wentworth scale

According to Mahiques (1995), Ubatuba Bay (Wentworth 1922 cited in Suguio 1973). The data
shows very heterogeneous surface bottom sediset obtained from the 45 samples collected in 1998
ments. Coarse sediments are concentrated near tinas used to describe the distribution of the variables
northern and eastern rocky margins of Ponta Surustudied and to perform the statistical analyses. In
tuva, while fine sediments are deposited in the re-order to explore the relationships between the vari-
gion situated towards the northeast of Ponta Suruables, Pearson correlation analyses were performed
tuva. The rest of the bay is covered by coarse anadonsidering p< 0.05 as the significant level. Lin-
medium silt. ear regressions (Zar 1996) were made to verify the

MATERIALS AND METHODS

STUDY AREA
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Fig. 1 — Map of the study area with the 43 sampling stations (black dotes).

degree of dependence between organic carbon arttbtween the observed values and those estimated by
organic matter content. The relationship between orthe equation were tested using the Mann-Whitney
ganic matter content and organic carbon content wason-parametric test.

analyzed in detail in order to obtain an equation that Principal Component Analysis (PCA) was car-
allows the estimation of the organic carbon contentied out for ordination of the sample locations in
from a known organic matter value. The data set ob+elation to sediment factors. A first matrix (previ-
tained from the samples collected between Decemeusly normalized and centered) was constructed us-
ber/1999 and June/2000 (58 samples) was used tiag the granulometric fractions, total organic matter,
test the reliability of this equation. The differences carbon, nitrogen, sulfur and their related ratios. In
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order to avoid redundancy and perform a more realsediment fraction (Table 111). A close correlation was
istic ordination the variables with low percentage of observed between organic carbon and organic mat-
contribution were eliminated. In this way, a secondter, mud, silt and sulfur contents. The regression
matrix was constructed using a total of seven vari-equation, which links organic matter with organic
ables (organic matter, organic carbon, total nitrogencarbon content was:
sulfur, silt, very fine sand and medium sand). The
program used was the Multivariate Statistical Pack- % OC= —0.256+ 0.151x % OM (Fig. 3)
age (MVSP) (Kovach 1999). . )

The maps were constructed using Surfer 7.0 The two daFa gets used to obtain this .equa-
(Golden Software Inc.) and the interpolated datalo" are shown in figure 4. The Mann-Whitney

in the maps was made using the kriging method 01Iest showed no significant statistical diﬁerc_ampe
gridding 0.05) between the observed and the predicted data.

In the PCA ordination model the first and sec-
ond components together explain 82.9% of the data
RESULTS variance; 60.9% can be explained by only the first

Atthe middle bay stations (12, 13, 14, 15, 16, 23, 24component. AXxis | is positively correlated with total

and 25) as well as at several inner stations (10, 27, zéutrogen, organic carbon, sulfur, organic matter and

38, 44, 51 and 58) mud was the dominant sedimenrtnug_Conten:}'I A)(;'S . |s_p03|tt|;/ely cc()jrrelatcte_d vlwth
fraction, with values higher than 40%. Stations 1,me 1umsandandorganic matter, andnegatively cor-

7.8 and 9, near Ponta Surutuva, showed the higheé?lated with very fine sand and mud content. We can

heterogeneity in sediment composition with sandthedlfferem"'jlte two main groups of sampling stations

dominant fraction. By contrast, the sediment of theaccordlng to the different environmental conditions

river stations included high percentages of mediumWlthln the study area (Fig. 5). The first group (1) is

and fine sand (Table I). The contribution of very formed by those stations where mud was the domi-

. nant fraction, and the highest values of organic mat-
coarse and coarse sand fractions was generally very

low, except for stations 1, 7, 61 and 66 where theyter’ organic carbon, nitrogen and sulfur content were

ranged between 14 and 36% respectively recorded. The second group can be divided in two
' sub-groups: lla and llb. The first sub-group (lla)

Sulfur content was highestin the outermost sta-

tions (Table II). Figure 2 presents the distribution Ofmcludes several river stations and station 8. It is

mud, carbon, nitrogen and sulfur content in the Sedprincipally characterized by samples with an impor-

. . . c}ant contribution of medium sand and low values of
iments. The highest values of organic matter an )
organic content. The second sub-group (Ilb) com-

carbon content, as well as nitrogen and sulfur con-

tent, were recorded in those stations with high Ioer_prises the remaining stations with low to moderate

centages of silt. Carbon-nitrogen ratios (C/N) in ;/aluesdof:rga.mlc (l:art.)f(-)n, rlltrogen ?nd orgfanlc n;at-
the study area ranged between 7.6 and 15.0 in the - &nd showing significant percentages otvery fine

stations located within the bay, and between 6.67Salnd and mud. Table IV shows mean values of the

and 16.56 in the river stations. Carbon-sulfur ratiosenvlronmental variables studied for each one of the

(CIS) varied from 2.67 to 29.42, the lowest vaIuesthree groups of stations.
found at the inner bay and river stations (Table II).
The highest correlation (r = 0.97,% 0.94) was
obtained between organic carbon and organic nitrotn spite of the low energy conditions prevalentin the
gen (Table IIlI). Organic carbon content was posi-whole Ubatuba Bay area (Mahiques 1995), the spa-
tively correlatedp < 0.01) with organic matter, ni- tial distribution of surface sediments and their geo-
trogen and sulfur content as well as with silt and mudchemistry revealed the existence of different sed-

DISCUSSION
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TABLE |

81

Geographic positions, water depth and percentages of sediment fractions at the 43 sampling stations in
February/1998 survey.VCS = very coarse sand; CS = coarse sand; MS = medium sand; FS = fine sand,;
VFS = very fine sand; Si = silt; Cl = clay.

Stations | latit. long. | depth| gravel | VCS Cs MS FS VES Si Cl
(S) W) | (m | ) | %) | (%) | B | ) | ) | (%) | (%)
1 -23,45 | -45,03 12 0 12.24 | 18.06 | 13.39 | 18.23 | 23.48 | 14.51 0
3 -23,46 | -45,02 15 0 0 0.09 | 7.98 | 11.68 | 29.82 | 42.53| 4.45
7 -23,44 | -45,02| 12 1.7 | 16.21| 20.11| 20.63| 14.36| 17.9 | 9.09 0
8 -23,44 | -45,02 10 0 214 | 951 | 40.25| 29.15| 1485| 4.1 0
9 -23,44 | -45,04| 10 0 0 0 6.01 | 19.18 | 36.12 | 33.03| 5.66
10 -23,44 | -45,04 8 0 0 0 0 1.3 6.01 | 75.18| 8.8
12 -23,44 | -45,04 6 0 0 0 7.22 | 11.96 | 30.28 | 46.35| 4.19
13 -23,44 | -45,05 8 0 0 0 293 | 10.89| 38.32| 46.12| 3.41
14 -23,44 | -45,05 9 0 0 0 268 | 551 | 21.94| 63.55| 6.32
15 -23,44 | -45,04| 11 0 0 0 0.06 | 2.79 | 17.52| 70 9.53
16 -23,44 | -45,04 11 0 0 0 199 | 842 | 26.5 | 54.71| 8.38
17 -23,44 | -45,02 13 0 0 0 2.89 | 22.99 | 57.13 | 14.99 2
18 -23,45 | -45,02 13 0 0 0 3.64 | 14.73 | 38.93| 38.04| 4.66
19 -23,44 | -45,01 14 0 0 0 1.63 | 20.67| 73.14| 3.38 | 1.18
20 -23,43 | -45,01 13 0 0 0 6.74 | 20.71| 41.08 | 27.63| 3.82
23 -23,42 | -45,02 10 0 0 0 459 | 13.74| 37.41| 39.66| 4.29
24 -23,42 | -45,03 9 0 0 0 1.01 | 9.8 | 29.28| 51.63| 6.62
25 -23,42 | -45,04 7 0 0 0 1.03 | 469 | 26.15| 61.84| 6.29
26 -23,43 | -45,04 5 0 0 0 275 | 12.71| 48.1 | 33.92| 2.48
27 -23,44 | -45,05 6 0 0 0 4.27 7.8 25.8 | 54.87| 7.19
28 -23,42 | -45,05 8 0 0 0.05 | 11.21| 304 | 5191 | 522 | 1.21
29 -23,43 | -45,03 9 0 0 0 0 1.06 | 15.83 | 69.84 | 10.97
30 -23,42 | -45,02 10 0 0 0.48 | 6.27 | 29.79| 60.46 | 192 | 1.09
36 -23,45 | -45,06 2 0 0 0 13.55| 19.5 | 37.87| 29.91| 2.63
37 -23,45| -45,05| 1.2 0 0.21 | 0.25 | 10.12| 28.61 | 53.17 | 7.64 0
38 -23,46 | -45,06 3 0 0 0 8.67 | 7.95 | 31.16| 42.35| 4.82
41 -23,45| -45,05| 1.2 0 0 0 245 | 13.15| 51.23| 31.1 | 2.07
42 -23,46 | -45,05| 1.3 0 0 0 8.21 | 14.02 | 43.02 | 34.38 | 0.37
43 -23,44 | -45,06| 1.8 0 0 0 0.87 | 10.56 | 61.56 | 24.93 | 2.13
44 -23,44 | -45,06| 1.8 0 0 0 10.59 | 13.49| 31.3 | 41.48| 3.14
50 -23,44 | -45,06 1 0 0 0 556 | 13.46| 47.01| 31.6 | 2.37
51 -23,44 | -45,07 3 0 0 0.16 | 4.24 | 11.05| 43.12| 38.39| 2.97
55 -23,44 | -45,06 3 0 0 0 0 20.97 | 73.78 | 5.25 | 0,00
56 -23,44 | -45,07 2 0 0 0 16.7 | 26.39 | 44.12 | 11.32| 1.47
58 -23,43 | -45,06 3 0 0 0 0.57 | 9.31 | 36.8 | 52.59 | 0.73
59 -23,46 | -45,06 | 1.4 0 0 0 38.85| 26.33| 20.85| 9.22 0
60 -23,46 | -45,05| 0.3 0 0 0.03 8.3 | 20.19| 57.12| 12.31| 1.72
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TABLE | (continuation)
Stations | latit. long. | depth| gravel | VCS | CS MS FS VES Si Cl
(S W) | (m | (%) | ) | (%) | (%) | (%) | %) | (%) | (%)
61 -23,45 | -45,06 4 0 5.19 | 12.17| 16.79| 1457 | 28.48 | 22.8 0
62 -23,45 | -45,07 6 0 0 3.8 | 37.09| 29.1 | 24.33| 5.68 0
63 -23,40 | -45,06 1 0 0 6.18 | 52.9 | 34.59| 10.43| 6.33 0
64 -23,40 | -45,08| 15 0 0 249 | 33.33| 47.44| 885 | 7.67 | 0.22
65 -23,42 | -45,06 2 0 0 0.26 | 14.31| 14.82| 28,57 | 37.71 | 4.33
66 -23,42 | -45,05 2 0.1 3.36 | 10.55| 32.83| 20.04| 16.52| 16.6 0
23 40/ Distribution map of mud content (dry weight). \\_1 L 23401 Distribution map of carbon content (dry weight). \_07
ﬁ 80 Iih
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Fig. 2 — Distribution maps of mud, carbon, nitrogen and sulfur content in the Ubatuba Bay.
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TABLE Il

Organic matter, constituents and weight ratios of surface sediment for the
43 samples of the February/1998 survey. TOM = organic matter; TOC =
organic carbon; N = total nitrogen and S = sulfur.

Stations TOM TOC N CIN S CIs
(%) (%) (%) ratio (%) ratio

1 3.13 0.38 0.05 7.6 0.05 8.32
3 14.27 2.58 0.27 9.5 0.30 8.47
7 6.54 0.96 0.10 9.60 0.16 5.85
8 5.82 0.15 0.01 15.00 0.01 11.68
9 8.76 0.72 0.08 9.00 0.07 9.64
10 10.83 1.33 0.15 8.86 0.15 9.09
12 6.61 0.67 0.06 11.16 0.15 4.45
13 12.38 2.46 0.24 10.25 0.21 11.8
14 10.83 2.44 0.25 9.76 0.21 11.54
15 15.35 1.74 0.17 10.23 0.20 8.84
16 10.38 1.66 0.18 9.22 0.19 8.54
17 2.44 0.23 0.02 11.5 0.04 6.30
18 7.32 1.11 0.11 10.09 0.28 3.96
19 0.97 0.13 0.01 13.00 0.02 6.92
20 5.27 1.77 0.21 8.43 0.17 9.06
23 11.01 2.15 0.26 8.27 0.22 9.91
24 15.86 2.81 0.31 9.06 0.27 10.24
25 10.25 241 0.26 9.27 0.19 12.77
26 5.61 0.43 0.04 10.75 0.05 8.34
27 11.31 1.29 0.14 9.21 0.11 11.31
28 1.95 0.12 0.02 9.26 0.01 18.07
29 14.75 2.05 0.21 9.84 0.48 4.35
30 3.79 0.10 1.00 9.35 0.01 18.08
36 4,71 0.36 0.04 8.96 0.07 4.82
37 1.85 0.22 0.03 8.72 0.02 8.94
38 12.51 0.24 0.04 6.00 0.04 6.00
41 3.84 0.28 0.03 9.18 0.03 9.17
42 6.23 0.32 0.04 8.78 0.05 6.25
43 3.64 0.16 0.02 8.17 0.02 6.95
44 4.95 0.64 0.07 9.71 0.09 6.75
50 4.14 0.43 0.04 10.35 0.06 6.81
51 6.59 0.25 0.03 8.84 0.03 7.78
55 2.07 0.12 0.01 7.87 0.02 6.49
56 7.81 0.21 0.02 8.78 0.03 6.81
58 10.88 2.40 0.24 9.90 0.15 15.54
59 6.63 0.43 0.03 15.38 0.07 5.76
60 13.11 0.26 0.02 10.93 0.03 3.78

83
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TABLE Il (continuation)

Stations TOM TOC N CIN S CIs
(%) (%) (%) ratio (%) ratio

61 5.75 0.84 0.06 13.4 0.31 2.67
62 5.07 0.16 0.02 10.1 0.04 3.76
63 5.70 0.26 0.03 9.56 0.01 18.98
64 5.89 0.05 0.01 6.67 0.01 6.34
65 17.27 1.03 0.08 13.56 0.07 14.79
66 15.83 3.57 0.22 16.56 0.12 29.49

TABLE IlI

Pearson'’s coefficients of correlation between components of the organic matter of the sediment,

water depth and granulometric variables (xP < 0.01).

Variables| TOC N S TOM | CIN C/S Si Cl Mud | VFS | Depth
TOC 1.00

N 0.97* | 1.00

S 0.73* | 0.76* | 1.00

TOM 0.74* | 0.70* | 0.57* 1.00
C/N 0.16 0.05 0.05 0.14 | 1.00
CIs 0.41* | 029 | -0.15 | 0.25 | 0.28 | 1.00
Si 0.63* | 0.68* | 0.65* | 0.63* | -0.19 | -0.06 | 1.00
Cl 0.52* | 0.60* | 0.62* | 0.61* | -0.22 | -0.10 | 0.62* 1.00 1.00
Mud 0.68* | 0.68* | 0.66* | 0.64* | -0.20 | -0.06 | 0.76* | 0.90* 1.00
VFS -0.39* | -0.37* | -0.39* | -0.50* | -0.13 | -0.15 | -0.37* | -0.31* | -0.37* | 1.00
Depth 0.32* | 0.41* | 0.43* | 0.06 | -0.02| -0.06 | 0.16 | 0.33* | 0.19 | -0.15| 1.00

iment facies related principally to local hydrody- associated with the texture of sediments, and conse-
namic conditions. quently to their clay content. However, the existence
The northern central region is dominated by of these outliers seems to indicate the input of or-
calm depositional conditions, where mud is the pre-ganic matter from the rivers (stations 58 and 66) and
dominant sediment fraction. As might be expectedthe depositional area in the middle of the bay origi-
this central region also exhibits the highest contentsated by the anticlockwise circulation of the waters.
of organic carbon, total nitrogen and organic mat- The correlation between organic carbon and
ter (Fig. 2), and significant positive correlations sediment granulometry can be partly explained by
were obtained between these parameters (Table lllthe similar settling velocity (i.e. hydrodynamic)
Mahiques (1992) also observed high values of or-of the particulate organic constituents and the fine-
ganic carbon and nitrogen in this region, but in con-grained mineral particles (Tyson 1995). The cor-
trast with our results, he recorded higher values ofelation also reflects the greater surface area of the
organic carbon (greater than 1%). If we examine dine particles (sediment-specific surface area), and
plot of organic carbon and clay content of the sed-thus the greater amount of organic carbon that can
iments (r = 0.52) (Fig. 6), we can note that nine be adsorbed on their surfaces (Hedges et al. 1993).
stations are outliers of the general distribution. InIn the central region of the Ubatuba Bay, redox po-
general the distribution of organic carbon is closelytential (Eh) values (not presented here) showed a
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Correlation: r 2 = 0.55

22
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Fig. 3 — Regression of total organic matter content (TOM) and total organic carbon content (TOC) of the 43
sampling stations in Ubatuba Bay. The coefficient of determinatfrigishown.

trend to anoxic conditions that can be confirmed byized as a low energy environment also. In this re-
the H,S smell, the black layer near the surface andgion, the Ubatuba Bay exhibits a constriction in the
the highest percentages of sulfur in the sedimentsoastline that induces wave refraction (Mahiques et
(Table 1I). al. 1998) and acts as a barrier for the intrusion of
Coarse sediments were dominant at the rivewaves fromthe opensea. Asitis known, wave action
stations with an important contribution of medium is one of the principal hydrodynamic phenomena re-
sand. Deposition of fine sediments is not possi-sponsible for the bottom sedimentary processes in
ble in areas with strong currents; accordingly, highcoastal areas (Furtado and Mahiques 1989) and can
percentages of coarse, medium and fine sand wermxplain the features observed.
recorded at the stations near Ponta Grossa. In this The C/Nratio has been used for decades asapa-
case, the negative correlation between organic conrameter for the evaluation of the relative influence
pounds and coarser sediments can also be explained terrestrial and marine organic matter in several
by the high porosity and permeability of this kind ecosystems (Bordovskiy 1965, Tyson 1995). Sev-
of bottom. The stations belonging to the sub-group<eral authors suggested different values of C/N ratios
lla and llb (of the PCA model) have coarser sedi-according to the origin of the organic matter. Saito
ments and lower amounts of organic matter than thet al. (1989) suggested a ratio higher than 20 as
stations corresponding to the central region of thefrom a terrestrial origin and between 5 and 7 as a
bay. pelagic source. In addition, Stein (1991) reported
The innermost area of the bay showed interme+that values of C/N ratio lower than 10 point out a
diate organic values (Fig. 2), but can be characterstrict marine origin and values around 10 represent
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Correlation: r 2 = 0.97
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Fig. 4 — Regression of TOC measured and TOC expected of the 58 samples in Ubatuba Bay. The coefficient
of determination @) is shown.

both marine and terrestrial organic components irsemi-anoxic marine conditions. Our results indi-
the sediment. Despite some contradictions, the C/Ntated as a general trend for the study area an oxy-
ratios have been used largely as a parameter for thgenated environment with the lowest values in the
evaluation of the origin of the organic matter. Taking innermost region of the bay. However, the C/S val-
into account these opinions, the C/N ratios observedies founded at the stations from Acarad River and
in surface sediments of the Ubatuba Bay seem to reat the Lagoa River were lower, around 3.0, tending
flecta mixed origin of the organic matter. The placesto an anoxic condition of the sediments. In a pre-
near the river mouths showed the highest C/N ratiosliminary analysis during the collect the sediments of
indicating the input of terrestrial material into the those stations showed dark color and a strong smell
area. These values show that in spite of the degreef sulfides. In addition, CETESB (1996) recorded
of impact caused by the rivers, there is no dilution ofgreat amounts of domestic sewage introduced into
the natural organic matter in relation to the input ofthe bay via these two rivers. During 1999 the waters
nitrogen by sewage, which can mask the C/N ratioof Acarau and Lagoa rivers presented the extreme
(Bordovskiy 1965). value of 1.100.000 NMP/100ml of fecal coliforms
Iron sulfides have been used as an indicato(CETESB 2000), whereas the maximum permissi-
of anoxic environmental conditions in bottom sed- ble by the law is 21000 NMP/100ml. Such a degree
iments. Berner and Raiswell (1984) and Raiswellof fecal contamination is indicative of raw sewage
and Berner (1985), among others, used the organi@CETESB 2000).
C/S ratio to discriminate normal marine (oxy- In general, considering that more than 50% of
genated) depositional environment from anoxic orthe organic matter is composed by organic carbon
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Fig. 5— PCA ordination diagram of sampling stations based on the selected sediment variables measured. The numbers of stations are

the same as in figure 1. The two main sample groups are show (Group | and II).

(Jackson 1964, Emery and Uchupi 1984), the ortained just by determining the total organic matter.
ganic carbon content can be multiplied roughly by These data permit the estimation of the organic car-
2 to give the relative total organic matter in recentbon values for the Ubatuba Bay with a good level
bottom sediments. The inverse process, i.e., the esf accuracy, and perhaps for other similar coastal
timation of organic carbon content of the sedimentsecosystems also.

from the total organic matter content may be ques- Summarizing, through Fig. 7 and Table IV we
tionable because of the high variability in the or- can see the general distribution patterns of sediment
ganic matter chemical constituents, and the organigrain size and organic matter content in Ubatuba
matter to organic carbon ratios varies significantlyBay, which reflect both the hydrodynamics of the
depending upon the origin and diagenetic state ofirea and the river input. Despite the generally low
the sediment (Tyson 1995). However, as our datanergy conditions, three areas can be distinguished,
had shown, in a preliminary analysis this methodeach varying in its silt, clay and organic matter con-
can be useful since the determination of total or-tent: a finer and richer Central and North Zone; a
ganic matter is less expensive, fast and easy. In adA/est Inner Zone with fine sand, silt and clay besides
dition, this approximation is a good environmental a moderate organic matter content, and a South Zone
tool when rapid evaluations are needed, as for explusthe largestrivers, characterized by medium sand
ample in monitoring sampling programs. The strongand low values of organic matter. These results fol-
correlation between predicted and observed valuekw the general pattern found in the northeast coast
of organic carbon content allows us to say thatagooaf Sdo Paulo State as showed early by Mahiques
estimation of the organic carbon content can be obet al. 1998.

An Acad Bras Cienc (2003)75 (1)



88 LETICIA BURONE ET AL.

Overall correlation: r2 = 0.27

r2 without the 9 outliers (marked with their station number) = 0.72
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Fig. 6 — Relation between clay content and TOC content of surface sediments in Ubatuba Bay. The coefficient
of determination @) is shown.
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TABLE IV
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Mean values of the environmental variables for
each one of the three groups performed by the
PCA. In parenthesis are given the value of one
standar deviation. Abbreviations are the same

of table I and 1.
Groups | lla IIb
depth (m)| 9.2(3.1) 4.0 (3.9) 4.5 (4.5)
CS (%) | 0.01(0.02)| 4.4(3.6) | 0.06(0.1)
MS (%) 3(2.7) 40 (7.4) 6.3 (4.9)
FS (%) 9(5.3) 33(8.4) 20 (6.9)
VFS (%) 28(9.8) 16 (6.6) 54 (10.5)
Si (%) 53 (13.3) 7(1.9) 19 (13.2)
Cl (%) 6 (2.7) 0.05(0.01)| 1.6(0.9)
TOM (%) | 11.2(3.1) | 5.8(0.6) 4.6 (3.1)
TOC (%) | 1.9(0.6) | 0.21(0.1) | 0.24 (0.1)
N (%) 0.2 (0.07) | 0.02 (0.01)| 0.09 (0.25)
C/N 9.5(0.8) 11.3(3.7) | 9.6(1.4)
S (%) 0.22 (0.09) | 0.03 (0.03)| 0.03 (0.02)
C/s 9.32(3.2) | 9.3(6.2) 8.4 (4.2)
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