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Abstract 

Organic matter is an important source of information on the transport 
and consolidation processes of sediments. In this study, the isotopes of car-
bon and nitrogen (δ13C and δ15N), total organic carbon (TOC), total nitro-
gen, carbon/nitrogen (C/N) ratio, and 13C-NMR were utilized to understand 
the origin and behavior of organic material in the Abrolhos region. It were 
analyzed nine sediment cores taken from a mangrove, a channel between 
the mainland and the coral reefs. The average value of the C/N ratio in the 
mangrove was 18, which characterizes purely terrigenous areas. For the 
reefs, the average value of the C/N ratio was 8,which is characteristic of 
marine and coastal regions. For the sediment cores taken from the channel, 
the average value of the C/N ratio was 10, a typical value of areas under 
the influence of mangroves. The mean values of δ13C were -26.9‰ for the 
mangrove, -20.7‰ for the channel region, and -18.2‰ for the reefs. This 
variation is associated with the main source of organic matter, which in the 
mangrove is derived from vascular plants (mainly C3 metabolism) and for 
the reefs is derived from phytoplankton. The 13C-NMR results corroborate 
the isotopic and elemental analyses. The analyses of these cores indicate 
that the anthropogenic influence on the coast did not significantly alter the 
composition of the material that has been deposited in about the last 80 
years in the region of study.
Keywords: Abrolhos, marine sediments, 13C-NMR, stable isotope.

Resumo

A matéria orgânica é uma fonte de informação importante nos processos 
de transporte e consolidação de sedimentos. Neste estudo, foram utilizados 
isótopos de carbono e de nitrogênio (δ13C e δ15N), carbono orgânico total 
(TOC), nitrogênio total, razão carbono/nitrogênio (C/N) e 13C-NMR para 
entender a origem e o comportamento do material orgânico na região de 
Abrolhos. Foram analisados nove testemunhos de sedimentos coletados em 
um manguezal, em um canal e em recifes de corais. O valor médio da razão 
C/N no manguezal foi de 18, o que caracteriza áreas puramente terrígenas. 
Nos recifes, esse valor foi de 8, característico de regiões marinhas e costei-
ras, e, nos testemunhos de sedimentos coletados no canal, foi de 10, um valor 
típico de áreas sob a influência de manguezais. O valor médio de δ13C foi de 
-26,9‰ para o manguezal, -20,7‰ para a região do canal e -18,2‰ para os 
recifes. Essa variação é associada com a principal fonte de matéria orgânica, 
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1. INTRODuCTION

Carbon in the ocean is found in various forms. The ma-
jor forms are dissolved inorganic and organic carbon, 
particulate organic carbon, and the carbon in sediments 
and primary producers (phytoplankton, algae, and vascular 
plants). Most of the organic carbon produced in the oceans is 
degraded, and only a small part is stored in marine sediments. 
The organic matter (OM) in marine sediments should reflect 
the isotopic composition of its source of carbon, which in 
most cases are phytoplankton. In coastal areas, however, 
beyond the phytoplankton, there is the influence of terrestrial 
material carried mainly by rivers and/or made available by 
human interventions. The elemental and isotopic analyses 
of organic carbon show that the greatest contribution to 
this deposition comes from phytoplankton. This indicates 
that most of the organic carbon of terrestrial origin is 
degraded in the ocean before being deposited as sediment 
(Hedges et al. 1997).

Deines (1980) compiled a data collection of isotopic 
values for marine sediments, resulting in a bimodal distri-
bution, where the mode with highest isotopic values was 
between -10 and -19‰, reflecting the isotopic composition 
of plants and organisms from coastal regions (Martinel-
li et al. 2009).

The carbon/nitrogen (C/N) ratio has been used as a 
parameter to assess the relative influence of marine and ter-
restrial OM in some ecosystems (Guo et al. 2004, Usui et al. 
2006, Nagel et al. 2009). Some authors suggest different 
values of the C/N ratio according to the origin of the OM. 
Saito and colleagues (1989) suggested a ratio greater than 
20 for a terrestrial origin and between 5 and 7 for a marine 
source. Stein (1991) demonstrated that values below 10 in-
dicate a marine origin and that values of approximately 
10 indicate components of both marine and terrestrial origins 
in the sediment.

With isotopic analysis, it is possible to determine the 
sources of OM, whether terrestrial, marine, or urban, and thus 

it is possible to assess the anthropogenic impacts in the studied 
area, as in the case of Babitonga Bay (Santa Catarina, Brazil) 
(Barros et al. 2010). In this sense, the application of carbon and 
nitrogen stable isotope analyses allows us to trace the origin of 
the OM that causes the increase in the isotope values of δ13C 
and δ15N in suspended sediment. The isotopic enrichment may 
be due to contamination by untreated sewage or proximity to 
large estuaries (Sampaio et al. 2010). It may also be due to the 
presence of ancient carbon (kerogen) and primary production. 
In the Gulf of Thailand, isotopic enrichment due to the pres-
ence of algae has been previously detected (Meksumpun et al. 
2005). Studies in the Adriatic Sea using organic carbon, total 
nitrogen, and C/N ratio and isotope analyses, δ13C and δ15N, 
in surface sediments and suspended particulate matter identi-
fied possible sources of OM (Tesi et al. 2007). Another study 
reports that the OM concentration in sediments of terrestrial 
origin decreases significantly with increasing distance from the 
mouth, which is an important outcome for the study of OM 
flow (Ogrinc et al. 2005).

Solid-state 13C NMR allows for the study of OM in 
marine sediments with respect to its composition and quality, 
and it can identify the organic groups present in the sample 
without the use of solvents, as the use of solvents does not 
guarantee the extraction of all OM from the sediment ma-
trix. Solid-state 13C NMR, together with cross polarization 
(CP) and magic angle spinning (MAS) techniques, can be 
used to determine carbon forms such as alkyl, methoxyl, 
alkyl O-substituted, aromatic, aromatic O-substituted, and 
carbonyl present in a sample of OM (Hatcher et al. 1980, 
Hedges & Oades, 1997).

In this study, elemental analysis of isotopic ratio (EA-
IRMS) and solid-state 13C NMR were used to characterize 
the OM present in the environments of coastal and marine 
mangroves. With these data, it is possible to ascertain the 
origin of OM and the mechanisms that regulate the distri-
bution of OM in sediments from Abrolhos region.

a qual, no manguezal, é derivada de plantas vasculares (principalmente de 
metabolismo C3) e, nos recifes, é derivada de fitoplâncton. Os resultados de 
13C-NMR corroboram as análises isotópicas e elementais. As análises dos 
testemunhos indicam que a influência antropogênica da região costeira não 
altera significantemente a composição do material que tem sido depositado 
nos últimos 80 anos na região estudada.
Palavras-chave: Abrolhos, sedimentos marinhos, RMN, isótopos estáveis.
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2. MATERIALS AND METHODS

2.1 Sampling and study area

Nine sediment cores have been collected in the region 
that includes the arc of Abrolhos, near Caravelas (Figure 1). 
The samples were collected using pipes with a diameter of 
75 mm and a length of 50 cm. After collection, the samples 
were transported vertically, wrapped in ice. In the laboratory, 
the sediment cores were stored at -20°C. The cores were 
divided into slices 2 cm thick, freeze dried, soaked, and then 
stored in petri dishes.

The current direction in the coastal reef region of the 
inner arc of the Abrolhos Bank is clearly bimodal and pref-
erentially oriented in the NE-SW direction, parallel to the 
coast. According to Teixeira (2006), the average magnitude 
of the currents studied in the channel that separates the 
mainland reef ranges from 10 to 25 cm/s.

The driest period, from May to October, has an average 
monthly rainfall of 110.9 mm. The rainy season is char-
acterized by NE winds with an occurrence of 39%, while 
the dry season is characterized by S and SE winds with an 
occurrence of 40%. The largest mean significant height 
and wave periods recorded in five years (i.e., 2001 to 2005) 
in the region were 0.4 m and 5 s, respectively. The tide in 

this region is classified as semidiurnal, and the amplitudes 
of the tidal main harmonic components are 91 and 38 cm 
(Teixeira 2006).

The mangrove areas have chosen for evaluation taking 
into consideration human presence. After evaluating major 
mining activity in the region, an unexplored area for shellfish 
was selected. The Abrolhos arc of coral reefs is separated 
from the mainland by the canal to the SE with less than 20 m 
in depth. Near the coastline, there are sandy-muddy banks, 
while the nearby reef substrate is composed of sand, gravel, 
and mud. The composition in this material is variable, and 
it depends on its proximity to the mainland or of the reef 
formations. Across the reef are filamentous and calcareous 
algae. Areas with macroalgae are found scattered on the reef 
as they are on octocorals. The examined sediment varies from 
mud to gravel with fragments of various marine organisms. 
The most frequent reef algae are filamentous, and calcareous 
algae and macro algae occur occasionally. The existence of 
shallows around the reef provides damping of the wave 
train that elapses in the area, which influences the amount 
of suspended sediment in the water column.

Figure 1

Abrolhos region map with the location of 
the collected cores. 
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stations are Pedra de Leste (R04), Sebastião Gomes (R06), Coroa Vermelha (R07), and Nova 
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The total organic carbon (TOC) values were fairly ho-
mogeneous throughout the experiment (Figure 2), although 
a decrease was observed in TOC in the bottom of sediment 
core M02. R04 contained a higher amount of TOC, which 
can probably be related to the location of the sediment core. 
Among all the stations, this sample was the closest to the reef, 
which is rich in marine biodiversity. In R08, the TOC varia-
tion throughout the sample has a higher dispersion of values 
when compared with other stations. The dispersion may be 
related to the natural burial of sediments containing pieces 
of seaweed in the process of sediment deposition.

The station M02 showed (Figure 3) a variation similar 
to that experienced in the analysis of TOC. The result is 
related to the possible change in the deposited material.

The sediment core M02 illustrates a change in the be-
havior of all parameters, indicating a likely change in the 
origin of the sediment; it appears that the terrestrial feature 
increases from a depth of 40 cm to the top (0 cm). Consider-
ing the sedimentation rate for the region of 6.68 mm/y (Netto 
2008), this change would have happened in the last 60 years. 

The values for TOC and total N over the sediment 
cores from the channel were more homogeneous for CS1 

3. RESuLTS AND DISCuSSION

3.1 Elemental and isotopic analysis

2.2 Elemental analysis and isotopic ratio

2.3 Solid-state 13C NMR

Approximately 0.5 g of each sample was treated with 10 mL 
of 1 mol/L hydrochloric acid (HCl) to remove carbonate. The 
sample was washed and dried at temperatures between 35 and 
50°C (Ryba & Burgess, 2002; Burone et al. 2003). Approximate-
ly 8 mg of the dry sample was weighed in tin capsules to perform 
an EA-IRMS using a Costech elemental analyzer coupled to a 
Thermo Finnigan Delta Plus mass spectrometer. The calibration 
was checked by a standard reference marine sediment certifi ed by 
NIST (National Institute of Standards and Technology), under 
the 1941b identifi cation number, which was subjected to the 
same treatment process of the samples. The isotopic values were 
referenced with respect to two references that were certifi ed by 
the International Atomic Energy Agency: USGS-40 and USGS-

41. The fi nal result was reported with δ13C (‰) relative to PDB 
and δ15N (‰) relative to atmospheric nitrogen, according to

δX = 
Rsample - Rstandard

Rstandard
 x 1,000(‰),

where X= C (carbon) or N (nitrogen) and R = 13C/12C for car-
bon and15N/14N for nitrogen. The analysis of several standards 
during the measurements and the precision for the analytical 
process of preparation and measurement was approximately 
0.05‰. The errors associated with the determination of the 
mass were approximately 5%, while values for the isotopes 
δ13C (‰) and δ15N (‰) were ±0.3‰.

For the analysis, we weighed 5 g of each dry sediment 
sample for treatment with 1 mol/L hydrochloric acid (HCl) 
and 10% (v/v) hydrofl uoric acid (HF). The samples were 
placed in a Tefl on beaker, and 50 mL of HCl was added to 
remove carbonates. The samples were left for 24 h to complete 
the reaction and the deposition at the bottom of the container 
to remove the supernatant liquid. Then, we added 25 mL of 
HCl and 25 mL of HF to remove silicates. Again, we left it for 
24 h and removed the supernatant. The samples were washed 

three times with deionized water to remove waste; then they 
were frozen and lyophilized (Gélinas et al. 2001).

The measurements in the sediments were made using 
a Unit Inova Varian spectrometer operating at 400 and 
100.5 MHz for 1H and 13C, respectively. The spectrum was 
acquired using the CP/MAS method, with a linear variation 
of radio frequency (ramped-CP). The decoupling power of the 
applied fi eld during signal acquisition was 60 kHz. The con-
tact time was 1 ms and the frequency of rotation was 6 kHz.

Figure 2

Profi les of total organic carbon in the 
cores.
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than CS2. The values are generally much smaller than those 
found in the sediment cores from the mangrove.

The values of total nitrogen in the sediment core R04 
are slightly larger at the top of the sample, decreasing to 
approximately constant values at 12 cm from the top of the 
sediment core. These values are on average two times higher 
than those found in the sediment cores R06 and R08. The dif-
ferences observed in R04, in relation to other reef areas, may 
be related to the characteristics of the site sampled. R04 has 
a depth of 12 m plus the proximity of the reef structure. This 
enables the deposition of sediment rich in matter from marine 
organisms and plants. The value found for the sediment core 
R07 is much lower than the others and may be related to its 
position. In R08, the variation of N (%) over the sample has 
a higher dispersion of values when compared with the other 

studied stations. As with TOC, the variation of N (%) could be 
correlated with the burial of sediments with different amounts 
of OM, which is possibly explained by the shock waves that 
release fragments of macroalgae and other marine organisms.

The C/N values found in the samples from mangrove areas 
(Figure 4) are typical  of vascular plants, mainly utilizing C3 metab-
olism, observed in mangrove environments (Sampaio et al. 2010).

The average values  of C/N found in the samples from 
that region of the channel are a feature of a transitional en-
vironment, with intermediate values   between the mangrove 
and reef environment. On the other hand, the C/N values for 
the reefs are typical of marine environments (Denies 1980).

The values of δ13C (‰) (Figure 5) found for the man-
groves are very similar and homogeneous to the whole 
sediment core; however, the M02 sample had an enrichment 

Figure 5

Profi les of δ13C values in the cores.
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Figure 4

Profi les of nitrogen/carbon ratio in the cores.
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Figure 3

Profi les of total nitrogen in the cores.
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that accompanies the decrease of TOC (%). The recorded 
values for the channel (CS1 and CS2) are intermediate to 
those observed for the environment of the mangrove and 
reef, corroborating the results of the marine and terrestrial 
OM contribution to the environment. Sediment core R08 
contained a higher value of δ13C (‰), which can be explained 
by the presence of a large amount of macroalgae at the site, 
enriching the isotope values of carbon.

The δ15N values (‰) for the mangrove cores are very 
similar and homogeneous for the whole sediment core, but 
with an enrichment for M02, in contrast to data obtained 
for δ13C (‰) (Figure 6).

The δ15N (‰) values for the channel are heterogeneous 
throughout the sediment core. Among the nitrogen isotopic 

results, the variation of δ15N (‰) throughout the sample in 
core R08 has a highest dispersion of values when compared 
with other stations, and it is also the poorest between reefs 
cores. This variation and the enrichment of δ13C (‰) ob-
tained in the analysis is explained by the large presence of 
macro algae in the vicinity of this core.

Table 1 summarizes the results found in the analysis of 
the sediment cores of mangroves (M01, M02, and M03), 
channels (CS1 and CS2), and reefs (R04, R06, R07, and R08) 
with EA-IRMS and the average, minimum, maximum, and 
standard deviation (SD) of TOC, N, C/N, δ13C (‰), and δ15N 
(‰). The minimum and maximum values of the averages of 
the δ13C and δ15N compositions of OM varied from -27.1‰ 
to -15.5‰ and from +0.5‰ to +3.9‰, respectively, and the 

Table 1

Average values, minimum, maximum, 
and standard deviations of the results of 
elemental analysis of isotopic ratio in the 
cores of mangroves, channels, and reefs.

M1 M2 M3 CS1 CS2 R04 R06 R07 R08

TOC (%)

Mean 4.48 4.72 4.30 0.85 1.06 1.78 1.06 1.13 0.50
Min 3.72 0.83 2.75 0.61 0.71 1.58 0.91 0.82 0.37
Max 5.96 6.10 5.30 1.19 1.68 2.16 1.33 1.55 0.62
SD 0.56 1.32 0.63 0.17 0.27 0.16 0.12 0.22 0.08

N (%)

Mean 0.28 0.23 0.24 0.09 0.11 0.23 0.13 0.13 0.07
Min 0.24 0.04 0.17 0.07 0.07 0.20 0.11 0.10 0.05
Max 0.33 0.31 0.28 0.13 0.18 0.30 0.15 0.17 0.09
SD 0.02 0.07 0.03 0.02 0.03 0.03 0.02 0.02 0.01

δ13C (‰)

Mean -26.7 -27.1 -26.9 -20.6 -20.9 -19.4 -19.5 -15.5 -18.9
Min -27.2 -27.4 -27.2 -21.7 -21.8 -20.7 -20.5 -16.6 -20.3
Max -26.2 -25.9 -26.7 -18.7 -19.9 -18.6 -16.8 -14.4 -17.8
SD 0.2 0.3 0.2 0.6 0.6 0.5 0.8 0.6 0.6

δ15N (‰)

Mean 0.9 1.3 0.8 0.9 0.5 3.9 3.9 1.8 2.8
Min 0.0 -0.8 -0.9 -0.4 -0.7 3.0 3.4 0.3 2.3
Max 2.4 2.2 1.4 2.3 2.0 4.7 4.7 3.0 3.3
SD 0.6 0.6 0.5 0.9 0.8 0.5 0.4 0.6 0.3

C/N

Mean 16 21 18 9 10 8 8 9 7
Min 14 19 16 8 8 7 8 7 7
Max 19 24 19 11 12 10 10 10 9
SD 1 1 1 1 1 1 1 1 1

TOC: total organic carbon; N: nitrogen; C/N: carbon/nitrogen ratio; δ13C: isotopic carbon; δ15N: iso-
topic nitrogen.  Mangroves, in North to South order: M01, M02, M03. Channel, referenced by the 
Oceanographic buoys 106 (CS1) and 506 (CS02). Coral reefs in North to South order; the stations 
are Pedra de Leste (R04), Sebastião Gomes (R06), Coroa Vermelha (R07), and Nova Viçosa (R08).

Figure 6

Profi les of δ15N values in the cores.
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ratio C/N found ranged from 7.0 to 21.0. Carreira et al. 
(2002) have shown that in the Guanabara Bay, the δ13C and 
δ15N compositions of OM varied from -24.6‰ to -19.3‰ 
and from +4.6‰ to +8.3‰, respectively, and the ratio C/N 
found ranged from 17.5 to 9.0. Isotopic studies conducted 
by Barros et al. (2010) showed that in the Babitonga Bay the 
δ13C and δ15N compositions of OM varied from -26.2‰ to 
-21.7‰ and from -0.1‰ to +9.2‰, respectively. 

The higher positive values of δ15N for the reefs are due 
to both the phytoplankton contribution and composition 
of marine OM. It corroborates the reported values for the 
coastal region in Brazil (Barros et al. 2010).

The results of elemental (N, TOC, and C/N) and isotopic 
analysis (δ13C and δ15N) are shown in Figure 7. The fi gure 
indicates that the distinction between groups represented in 
the diagrams coincides with the differentiation of the sam-
pled areas. In relation to the amount of OM and the variation 
in measured isotopic values, we can infer that the obtained 
results are characteristic representations of mangrove en-
vironments, coastal environments (represented here by the 
channel that separates the southeast reef from the continent), 
and reef environments. 

The studied parameters along the profi le of the sediment 
cores suggest no signifi cant changes in the sedimentary pro-
cesses of the studied region due to anthropogenic interfer-
ence. This confi rms the results reported by Netto (2008) in 
the coastal region adjacent to the Abrolhos Bank.

The graph N (%) × TOC (%) (Figure 7A) illustrates two 
main groups: dominant marine OM (N=-0.0099+0.1267.COT, 

r=0.92) and another with a greater amount of terrestrial OM 
(N=0.0549+0.0427.COT, r=0.64). This grouping is due to 
the different elemental compositions because marine OM is 
richer in N. Marine samples with greater amounts OM pres-
ent, relative to terrestrial ones, contain a higher content of N, 
resulting in a sloped curve. In the graph of δ15N(‰) × δ13C(‰) 
(Figure 7B), it is possible to differentiate the groups due to the 
behavior of isotopic carbon and nitrogen. The graph C/N × 
δ13C (‰) (Figure 7C) illustrates that high levels of C/N and 
negative values of δ13C (‰) denote the presence of terrestrial 
OM. It is possible to see the change from terrestrial to marine 
environment as the samples move away from the channel. 
The graph C/N × δ15N (‰) again illustrates different groups, 
and the high values of C/N and δ15N(‰) differentiate the OM 
from the mangrove reefs (Figure 7D). The value recorded for 
sediment core R04 is located in an intermediate position and 
should be investigated further.

The graphic of the principal component analysis 
(PCA) scores (Figure 8) shows the grouping of samples. 
M01, M02, and M03 have higher contents of OM (C and 
N) and greater C/N ratios. The additional gradient in this 
fi gure can be attributed to the greater isotopic ratio of δ15N 
found in the differentiated channel and reef samples. This 
gradient of PC2 (Figure 8) increases toward R04, R06, and 
R07. Between R07 and R08, the gradient levels out and 
is greater than CS, which matches the prevalence of the 
NE-SW maritime current (Teixeira 2006). The R07 and 
R08 samples are strongly infl uenced by the fl ux of material 
from the CS region.
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3.2 Solid-state 13C NMR

The obtained spectra for all of the sediment cores 
are illustrated in Figure 9. The band centered at 56 ppm, 
which is more prominent in mangrove samples (M01, M02, 
and M03), together with the band in the region between 
140 and 160 ppm, is indicative of lignin, characterizing the 
infl uence of terrestrial OM. Additionally, the amount of 
carbon in the aliphatic range (0–50 ppm) in the samples is 
indicative of OM found in coastal areas due to the infl uence 
of terrigenous deposits. 

To aid in the analysis of the results, the multivariate 
curve resolution (MCR) procedure was carried out using The 
Unscrambler® X (CAMO Software AS) software. The ba-
sic goals of MCR are the following: the determination of 
the number of components coexisting in the chemical sys-
tem; the extraction of the pure spectra of the components 
(qualitative analysis); and the extraction of the concentra-
tion profi les of the components (quantitative analysis). This 
analysis is preceded by principal component analysis (PCA) 
to estimate the number of components in the mixture. After 

this, the rotation of the PC is calculated without orthonor-
mality constraints (in this way it will have infi nite solutions). 
To solve this, new constraints are adopted (e.g., non-negative 
concentrations and non-negative spectra). In this way, when 
the goals of MCR are achieved, it is possible to unravel the 
“true” underlying sources of data variation, and then the re-
sults with physical meaning are easily interpretable.

The obtained results corroborate the results of isotopic 
and elemental analyses; they showed different contributions 
of terrestrial and marine OM to the sediment organic com-
position. Because one of the components clearly originated 
from vascular plants, the system was modeled as a binary 
mixture (Figure 10): O-alkyl and di-O-alkyl (cellulose), 
methoxyl and aryl and O-aryl (lignin), and also alkyl and 
carboxyl (fatty acids). In contrast, the second component is 
characterized by carboxylated aromatic structures, probably 
carboxylate phytoplankton. Figure 11 shows the estimated 
concentration of the components obtained by MCR analysis 
of the solid-state 13C NMR.

Figure 8

Scores of fi rst principal component versus 
second principal component.
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4. CONCLuSIONS

The values obtained for the C/N  ratio in  mangr ove ar eas 
ha d an average value of 18, which is characteristic of purely 
terrigenous areas. In the reef environment, the mean value of 
the C/N ratio was 8, which is typical of marine and coastal 
regions. The results obtained for sediment cores from the 
channel had a mean value of 9. This intermediate result of 
the C/N ratio refl ects characteristics of marine areas that are 
infl uenced by continental areas (i.e., mangroves).

The results for δ13C also showed similar behavior, where 
the mean value was -26.9 ‰ for the mangrove, -20.7 ‰ in the 
coastal region, and -18.2‰ in the reefs. This variation is main-
ly due to the origin of the OM. For the mangrove, the biggest 
contributors are vascular plants with C3 metabolism. For the 
marine environment, its main source is phytoplankton. These 
results show a decrease in the infl uence of OM of terrestrial 
origin with increasing distance from the mainland coast. The 
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Estimated spectra obtained by multi-
variate curve resolution analysis of the 

solid-state 13C NMR spectrum.

Figure 9
13C NMR spectrum for marine sediment 

samples. Aliphatic (0–50 ppm), methoxyl 
(50–60 ppm), carbohydrates (60–112 ppm), 

aromatic (112–160 ppm), carboxyl (160–190 
ppm), and carbonyl (190–220 ppm).
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