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Abstract 

The dissolved inorganic compounds are normally used to identify the water quality of the coastal ecosystems. In the last 
decades, the dissolved organic compounds acquired a new dimension, in the water and in the sediments, due to its important 
role in the biogeochemical cycle of the organic matter. Concerning it, proteins, carbohydrates and lipids present on the 
sediments could be used in order to access the environmental trophic state. In this study, water properties and organic 
matter compounds in sediments were used in order to verify the trophic condition once it is a rare data from these regions. 
Although the PCA groupings are based on specific variables, such as water and sediment parameters, two specific groups were 
observed in both cases (a and b). Group a suggests stations with eutrophication tendency or, based on sediment variables, in 
hypertrophic condition, while Group b suggests areas in healthier conditions as meso-oligotrophic environments. Similarities 
on grouping based on water and sediment parameters were observed. The study of coupling water and sediment properties 
(pelagic and benthic coupling) and organic compounds constitute an important focus for improving the access to the trophic 
state avoiding the evaluation based only on sediment parameters that could cause more incertitude.
     
Keywords: Dissolved Nutrients; Photosynthetic Pigments; Sedimentary Organic Matter; Proteins; Carbohydrates; Trophic 
status

Introduction

Eutrophication is known as the accelerated production 
of organic matter in a water body linked to an increase in 
nutrients, in particular nitrogen and phosphorus, representing 
a serious threat to the ecology of freshwater, estuarine and 
coastal systems [1]. Nutrient enrichment generates two 
primary interrelated effects in aquatic ecosystems. First in 

the pelagic zone, the stimulation of phytoplankton growth 
and in some cases a change in phytoplankton species 
composition with blooms of opportunistic and even harmful 
species. Second in the benthic zone, shading and deposition 
of organic matter [2] as observed by Dell Anno A, et al. [3].

Phytopigment concentrations in the sediment are a tracer 
of the amount of organic matter produced by photosynthesis, 
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so that chlorophyll-a content can be used as a descriptor of 
the trophic state and productivity of most estuarine and 
shallow coastal systems [4-7] and most recently in Brazil 
in a polluted estuary by Da Costa BVM, et al. [8]. The most 
commonly used indicators of the trophic state of coastal 
and marine environments have been based on water 
column variables such as, turbidity, inorganic nutrients, 
phytoplankton abundance, biomass and primary production 
values [1]. However, in shallow coastal environments the 
intimate coupling between the pelagic and the benthic 
compartments promotes a relatively rapid deposition and 
accumulation in bottom sediments of the organic matter 
produced in the water column [9]. This organic enrichment 
is, in fact, the generating mechanism of trophic alterations 
of the system and their ecological consequences, such as 
oxygen reduction, hypoxia and biodiversity decrease [10-
12], reflecting on the sediments what occurred in the water 
column. Nevertheless, as the direction and magnitude of 
ecological responses to inorganic nutrient enhancement 
are difficult to predict [7,9], the analysis of the pelagic and 
benthic domains may provide a completely different trophic 
classification of the trophic state of an ecosystem [3,13]. 
Therefore, both compartments should be taken into account 
to accurately evaluate the trophic state of a given aquatic 
environment.

The particulate organic detrital carbon in the sea is 
estimated in 300-500g/m2 and there is a transition in 
dissolved organic carbon, dissolved inorganic and also the 
life fraction [14]. This fraction, if in shallow water column 
presents a trend to reach the sediments before the total 
decomposition. Sedimentary organic matter quality and 
quantity are dependent on factors such as origin (allochtonous 
or autochthonous), sources and digenetic processes that 
act through the water column and in the sediments [15-
17]. Eutrophic systems tend to accumulate large quantities 
of organic carbon] resulting in changes of organic matter 
biochemical composition [18,19], and the self-purification 
and degradation capacity that altering the balance in aquatic 
system [20] being affected when the quantity and quality of 
the organic matter change. In addition, high amounts of low 
quality organic matter tend to be added to these systems, 
opposite to oligotrophic environments, where low quantities 
of high quality organic matter tend to accumulate [21-23]. 
Also, due to the conservative nature of organic carbon, 
qualitative characteristics of the sedimentary organic matter 
(e.g., proteins to carbohydrates ratio) could be more useful 
as trophic state indicators than organic matter/carbon 
concentrations alone [3]. Further, these authors verified 
that carbohydrates and proteins can be used to assess 
the environmental quality of aquatic ecosystems as these 
compounds are sensitive to distinct sources of anthropogenic 
impact.

High biochemical diversity in sedimentary organic 
matter composition can be found from place to place because 
organic constituents have distinct chemical and physical 
characteristics; so, different components accumulate or 
decompose in variable rates [24]. Simple sugars, proteins 
and lipids are the main constituents of the labile fraction 
of dissolved and particulate organic matter, which is 
rapidly degraded by bacterial activity, whereas, complex 
macromolecules such as humic and fulvic acids comprise 
the refractive fraction and are selectively preserved during 
diagenesis [25,26]. Due to the multiple sources of organic 
matter and its uneven distribution in different sites, 
sometimes is difficult to discern if the loss of a specific 
compound is the result of its preferential degradation or its 
variable input [27,28]. According to Cowie GL, et al. [29] this 
limitation can be solved using ubiquitous compounds such 
as proteins, carbohydrates and lipids, which are the major 
constituents of the organic material of marine and terrestrial 
organisms, and subsequently, of the particulate organic 
matter deposited on surface sediments.

Estuarine systems are zones of transition between 
the marine and the terrestrial environments that perform 
essential ecological functions including nutrient degradation 
and regeneration [30]. Also, they control the fluxes of 
nutrient, water, particles and organisms from and to the 
continental margins, rivers and oceans. Nowadays, the 
ecological and economic importance of estuaries and coastal 
zones in general, is recognized worldwide. They are high 
productive environments, which provide lot of benefits for 
society, and in consequence, are areas subjected to high 
anthropogenic pressure [31].

The two estuaries object of this study are located in the 
Sao Paulo State, southeastern Brazil. The Santos-Sao Vicente 
estuarine system is located in one of the most industrialized 
areas of Brazil, where petrochemical, metallurgical and 
fertilizer industrial activities are developed. It also holds 
the Santos Harbor, the largest commercial harbor of South 
America that needs to be periodically dredging [32]. Major 
contributors to the estuary degradation are probably the 
metallurgical plants of the Cubatao industrial complex, 
which is located in the inner estuary and the port movement. 
Previous works have demonstrated that the water and 
sediment close to this area present high concentrations of 
polycyclic aromatic hydrocarbons, PCBs and heavy metals 
[33-37]. In addition, through a submarine sewage outfall 
located in the Santos Bay important concentrations of 
linear alkylbenzenes, associated to domestic detergent 
contributions Medeiros, et al. [34] and petroleum 
hydrocarbons [38] are introduced promoting chemical and 
toxicological alterations. Even though, some control was 
established in the last years by the Brazilian government the 
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environmental quality of the Santos-Sao Vicente estuary is 
still compromised [31,35].

On the other hand, the Cananeia-Iguape estuarine-
lagoon complex is an environmental protected area and 
was recognized as a Natural Patrimony of Humanity in 
1999 by UNESCO and it is included in the Ramsar list [39] 
of the important wetlands. The estuary consists of channels 
connected with the ocean by two outlets, Cananeia (in 
northern estuary) and Iguape (in southern estuary) and is 
generally used as a reference environment due to the very 
low contribution of compounds derived from anthropogenic 
activities [32,40]. In the past, the northern area of the 
estuary (Ribeira River Valley) was influenced by mining 
activities and nowadays the there is an influence of the 
phosphogypsum mining and domestic and waste waters that 
influence the river water reaching the northern part of the 
system by the Valo Grande channel, but the main economic 
activities of Iguape and Cananeia are tourism, fishing and 
oyster farm. This estuary is known as a place with high 
natural productivity and little human impact [16, 41, 42]. 
It is important to mention that the aim of this investigation 
is to assess the trophic state and environmental quality of 
the pelagic and benthic domains of these two estuarine 
systems subjected to contrasting anthropogenic stress using 
conventional water column parameters and the quality 
and quantity of the sedimentary organic matter. The data 
presented can contribute to a temporal evaluation of this 
aquatic system.

Material and Methods

Sampling

The sampling survey was carried out in August 2005 
onboard the R/V “Albacora”. The sampling schedule included 
16 stations in the Santos-Sao Vicente estuarine system (Santos 
from now to forward) and 13 stations in the Cananeia-Iguape 
estuarine-lagoon complex (Cananeia from now to forward) 
(Figure 1). At each station position was determine with a 
GPS and water depth with an ecosound. Temperature was 
measured with protected reversal mercury thermometers (± 
0.01 ºC); while transparency was measured using a Secchi 
disk. Surface and bottom water samples for dissolved oxygen, 
pH, ammonium and salinity were collected with Hydrobios® 
bottles, while, samples for nutrients and photosynthetic 
pigments determination were collected with a Van Dorn 
bottle. Water samples from Hydrobios® bottles were analyzed 
as soon as possible and Van Dorn samples were immediately 
filtered. Filtration was carried out through pre-cleaned 
0.45µm GF/F Whatmanâ membrane filters, which were stored 
in polyethylene bottles and deeply freeze in the dark until 
analysis. Sediment samples were collected using a steel van 
Veen grab. One sample was used for granulometry analysis. 
Other three samples were collected for photosynthetic 
pigments, total organic matter content and organic matter 
biochemical composition. Only the top layer (1st cm) of 
undisturbed samples were taken and kept frozen at -20 °C in 
pre-combusted (450-500 °C) aluminum containers (Figure1).

A: Santos; B: Cananeia
Figure 1: Map of the two estuarine systems studied showing the sampling stations. 
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Analytical Methods

Dissolved oxygen (DO) was determined by the Winkler 
method Grasshoff, et al. [43] using a Hydrobios® kit and 
a Metrohm burette (± 0,02mL). pH was measured using 
a Orion 290A digital pHmeter (± 0,001) and salinity was 
determined in an Beckman RS-10® inductive salinometer. 
Chlorophyll-a (Chl-a) and phaeopigments (Phaeo) were 
extracted from frozen filters 90% acetone, vortex mixed and 
kept at 4 °C overnight. After incubation the samples were 
centrifuged at 1500 x g for 10 min and pigments determined 
according to Lorenzen CJ, et al. [44]. Nitrate (NO3-), nitrite 
(NO2-) were determined using the AutoAnalyzer II Bran-
Luebbe according to Treguer P, et al. [45] and phosphate 
(PO4

3-) by colorimetric method as described in Grasshoff et 
al. [43]. Ammonium (NH4+NH3) was determined following 
the method describe by Le Corre P, et al. [45] and Solorzano 
L, et al. [46]. Total dissolved inorganic nitrogen (DIN) was 
also calculated as the sum of nitrate, nitrite and ammonium 
concentrations. Granulometric analyses of sediments were 
carried out by the dry sieve-pipette method as described in 
Suguio K [47]. Total organic matter (TOM) was determined 
by weight loss on ignition at 480-500 oC for 4 hours 
following 47 Byers C, et al. [48]. Carbonate content (CaCO3) 
was analysed gravimetrically as the difference between the 
weight of each sediment sample prior and after acid attack 
with 10 % HCl. Chlorophyll a (Chl-a) and phaeopigments 
(Phaeo) were analyzed following the method described by 
Lorenzen CJ, et al. [44] and modified by Sunback K, et al. [49] 
for marine sediments. Total proteins (PRT) were extracted 
in 0.5 NaOH during 4 hours and analysed following the 
method of Lowry OH, et al. [50] modified by Hartree EF, el 
al. [51] and concentrations were expressed as bovine serum 
albumin (BSA) equivalents. Total carbohydrates (CHO) 
were analysed according to the method of Gerchakov SM, 
et al. [52] for sediments, and concentrations expressed as 
glucose equivalents. For each analysis blank sediments were 

pre-combusted at 480-500 °C for 4 hours. Photosynthetic 
pigments and biochemical analysis were carried out in three 
replicates and data were normalized to sediment dry weight. 
It was used the classification proposed by Dell´Anno et al. 
[3] based on protein and carbohydrate concentrations and 
also on protein to carbohydrate ratios (PRT:CHO) to assign 
different trophic conditions to the sampling locations.

Statistical Analysis

Statistical analyses were carried out using Statistica 
7.0 and PRIMER 6.0 packages. The Mann-Whitney non-
parametric test (statistic U) was used to check for differences 
between surface and bottom water parameters of each 
estuarine system and also to check for differences between 
the two estuaries with respect to the variables considered. 
Significant level was set at α = 0.05. In order to ordinate 
the stations of both estuaries according to their level of 
eutrophication and identify the variables which act as driving 
forces a correlation- based Principal Component Analysis 
(PCA) was employed. PCAs considering the eutrophication 
related variables (previously normalized data) from the 
water column and the sediments were performed separately 
in order to compare the results. A one-way analysis of 
similarities (ANOSIM) was performed to test if the groups 
of stations obtained in the PCA were significant different. 
The Mann-Whitney test was also performed to check for 
differences in the eutrophication related variables between 
the groups formed in the PCA.

Results

Water Column Characterization

Depth of the Secchi disk in Santos varied from 1.0 m at 
station 1 to 2.5 m at stations 10 and 15 (Table 1). 

Santos Cananeia

Stations Position Lat. 
Long

Sampling 
depth (m)

Secchi 
depth (m) Station Position Sampling 

depth m) Secchi depth (m)

1
23053.376’ 5 1 1 25002.796’ 3 0.7
46022.887’    47054.999’   

2
23054.214 5 1.5 2 25001.854’ 3 1
46022.887’    47054.854’   

3
23055.228’ 5 2 3 24058.950’ 5 1
46020.514’    47054.091’   

4
23056.210’ 5 1.5 4 24056.292’ 8 1.5
46018.923’    47051.634’   

https://medwinpublishers.com/IJOAC/
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5
23058.005’ 10 2 5 24054.030’ 8 2
46018.344’    47050.140’   

6
23059.566’ 5 2 6 24053.886’ 3 1.2
46017.912’    47048.610’   

7
24001.041’ 8 2 7 25003.792’ 5 1
46019.935’    47055.614’   

8
24000.260’ 8 1.5 8 25004.434’ 8 1
46021.006’    47058.848’   

9
24000.781’ 5 2 9 25003.762’ 5 2
46023.175’    48001.015’   

10
23059.624’ 4 2.5 10 25001.356’ 8 2
46019.125’    47058.888’   

11
23056.645’ 3 2 11 25000.000’ 10 2
46026.675’    47057.190’   

12
23056.933’ 8 1.5 12 25056.592’ 5 1.5
46025.980’    47054.769’   

13
23056.528’ 3 1.8 13 24053.586’ 3 2
46025.577’    47050.413’   

14
23056.441’ 4 2     
46024.621’       

15
23059.238’ 5 2.5     
46020.820’       

16
23059.166’ 5 1.5     
46021.900’       

Table 1: Station coordinates, sampling depth, Secchi disk depth.

Surface temperature ranged from 22.30 to 25.00 °C, 
whereas bottom temperature presented values between 
21.21 and 24.50 °C (Table 2). Salinity in surface water varied 

between 23.41 and 36.41, while in bottom water varied 
between 27.69 and 36.95. pH showed a mean values of 7.90 
and 7.94 in surface and bottom water, respectively (Table 2).

Santos
Surface Bottom

Min Max Mean SD Min Max Mean SD
Temperature (ºC) 22.3 25.00 23.14 0.81 21.21 24.50 22.24 0.83

Salinity 23.41 36.41 31.58 4.05 27.69 36.95 33.46 3.27
pH 7.39 8.34 7.90 0.29 7.53 8.25 7.94 0.28

DO(mL L-1) 3.09 4.57 4.00 0.65 3.01 5.23 3.78 0.64
DO (% sat) 64.72 126.46 84.70 15.19 65.68 111.63 79.58 14.29

Ammonium (μM) 1.73 23.98 12.83 6.94 1.62 24.86 11.18 8.56
Nitrate (μM) 0.03 2.83 0.59 0.86 0.08 1.97 0.47 0.64
Nitrite (μM) 0.05 9.40 2.28 3.05 0.03 8.85 1.97 2.81

Phosphate (μM) 0.57 16.30 4.88 4.11 0.55 7.01 3.67 2.65

https://medwinpublishers.com/IJOAC/
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DIN (μM) 1.85 26.13 15.69 8.50 1.68 26.70 13.75 9.85
Chl-a (µg L-1) 2.32 16.13 6.35 4.15 1.69 9.44 4.52 2.51
Phaeo (µg L-1) n.d. 1.72 0.54 0.70 n.d. 38.31 4.77 10.06

Cananéia
Surface Bottom

Min Max Mean SD Min Max Mean SD
Temperature (ºC) 19.50 22.10 21.13 0.62 19.03 21.50 21.00 0.66

Salinity 13.78 32.65 25.78 5.11 14.36 32.98 26.22 5.08
pH 7.62 8.20 7.91 0.18 7.54 8.22 7.88 0.21

DO(mL L-1) 4.33 5.37 4.76 0.35 4.42 5.30 4.46 1.12
DO (% sat) 85.45 102.34 92.27 6.19 85.43 102.38 93.24 5.73

Ammonium (μM) 1.48 2.75 2.23 0.47 1.22 3.67 2.57 0.62
Nitrate (μM) 0.14 0.31 0.22 0.05 0.14 0.32 0.22 0.06
Nitrite (μM) 0.37 3.15 0.81 0.73 0.39 1.83 0.72 0.38

Phosphate (μM) 0.36 1.89 0.88 0.49 0.33 1.94 0.89 0.50
DIN (μM) 2.11 6.14 3.26 1.00 1.84 4.62 3.51 0.77

Chl-a (µg L-1) 1.16 6.24 3.24 1.44 1.07 34.48 6.84 8.60
Phaeo (µg L-1) n.d. 6.83 1.82 1.76 n.d. 12.11 2.78 3.04

Table 2: Summary statistics for hydrological variables, nutrients and photosynthetic pigments of water samples from Santos and 
Cananeia estuarine systems – Sao Paulo, Brazil.

Mean dissolved oxygen concentration in surface water 
was 4.00 ml l-1 and in bottom water was 3.78 ml l-1. Dissolved 
oxygen saturation level (OD (% sat)) ranged from 64.72 to 
126.46% in surface water and from 65.68 to 111.63 % in 
bottom water. In surface water ammonium presented mean 
concentration of 12.83 μM, ranging between 1.73 and 23.98 
μM (Table 2). In bottom water ammonium concentrations 
ranged between 1.62 and 24.86 μM and presented a mean 
concentration of 11.18 μM. Nitrate with a mean value of 0.59 
μM in surface water varied between 0.03 and 2.83 μM. In 
bottom water nitrate showed values between 0.08 and 1.97 
μM, and a mean concentration of 0.47 μM (Table 2). Nitrite 
showed a mean concentration of 2.28 and 1.97 μM in surface 
and bottom water, respectively. Phosphate in surface water 
varied from 0.57 to 16.30 μM, while in bottom water ranged 
between 0.55 to 7.01 μM (Table 2). Total dissolved inorganic 
nitrogen (DIN) presented mean values of 15.69 and 13.75 
in surface and bottom water, respectively. Chlorophyll-a 
concentrations were higher than the phaeopigments in 
surface water. Chlorophyll-a varied between 2.32 and 16.13 
μg l-1. Phaeopigments ranged between non-detected (n.d.) 
and 1.72 μg l-1 (Table 2). Chlorophyll-a in bottom water 
ranged from 1.69 to 9.44 μg l-1, with a mean value of 4.52 
μg l-1. Paheopigments ranged between n.d. and 38.31 μg l-1 
with a mean concentration of 4.77 μg l-1. None significant 
differences were found between temperature, salinity 

and dissolved oxygen between surface and bottom water. 
In addition, no significant differences were detected for 
nutrients and chlorophyll-a concentration (Figure 2).

On the other hand, phaeopigments presented significant 
higher concentrations in bottom than in surface water (U = 
72.5; p = 0.0365). Secchi depth in Cananeia varied from 0.7 
m at station 1 to 2.0 m at stations 5, 9, 10, 11 and 13 (Table 
1). Surface temperature ranged from 19.50 to 22.10 °C and 
surface salinity from 13.78 to 32.65. Bottom temperature 
presented values between 19.03 and 21.50 °C and bottom 
salinity between 14.36 and 32.98 (Table 2). The pH showed 
a mean value of 7.91 and 7.88 in surface and bottom water, 
respectively (Table 2). Mean dissolved oxygen concentration 
in surface water was 4.76 mg l-1, while in bottom water was 
4.46 mg l-1. Dissolved oxygen saturation level (DO (% sat)) 
ranged from 85.45 to 102.34 % in surface water and from 
85.43 to 102.38 % in bottom water. Ammonium presented 
a mean concentration of 2.23 μM, ranging between 1.48 
and 2.75 μM in surface water (Table 2). In bottom water 
ammonium concentrations ranged between 1.22 and 3.67 
μM and presented a mean value of 2.57 μM. Nitrate with a 
mean value of 0.22 μM in surface water varied between 
0.14 and 0.31 μM. In bottom water nitrate showed a mean 
concentration of 0.22 μM (Table 2).

https://medwinpublishers.com/IJOAC/
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Figure 2: Nutrient and photosynthetic pigments concentrations in water samples from Santos.

Nitrite showed a mean concentration of 0.81 and 0.72 μM in 
surface and bottom water, respectively. Phosphate in surface 
water varied from 0.36 to 1.89 μM, while in bottom water 
ranged between 0.33 to 1.94 μM (Table 2). DIN presented 
a mean value of 3.26 and 3.51 in surface and bottom 
water, respectively. Chlorophyll-a in surface water varied 
between 1.16 and 6.24 μg l-1 with a mean value of 3.24 μg 
l-1. Phaeopigments with a mean concentration of 1.82 μg l-1 
ranged between non-detected (n.d.) and 6.83 μg l-1 (Table 2). 
Chlorophyll-a in bottom water ranged from 1.07 to 34.48 μg l-1 
and showed a mean value of 6.84 μg l-1. Phaeopigments ranged 
between n.d. and 12.11 μg l-1 with a mean concentration of 
2.78 (mg l-1). No significant differences were found among 
temperature, salinity and dissolved oxygen, nutrients and 
photosynthetic pigments concentrations among surface and 
bottom water (Figure 3).

In general, no statistical differences were found among 
surface and bottom water both in Santos and Cananeia, and 
when there was a difference (for phaeopigments) the higher 
values were found in bottom waters. Therefore, in this study 
it was used just bottom water parameters for comparison 
among the two estuarine systems and also in the principal 
component analysis. The Mann-Whitney non-parametric test 
results detected significant higher temperature and salinity 
values in Santos than in Cananeia (U = 17.0; p = 0.0011 and 
U = 27.0; p = 0.0003), respectively. On the other hand, oxygen 
saturation levels were significant higher in Cananeia (U = 
34.0; p = 0.0021). In addition, ammonium and phosphate 
concentrations were significant higher in Santos than in 
Cananeia (U = 46.0; p = 0.0110 and U = 34.5; p = 0.0023), 
respectively.

https://medwinpublishers.com/IJOAC/
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Figure 3: Nutrient and photosynthetic pigments concentrations in water samples from Cananeia.

Sediment Characterization

Sand was the predominant sediment fraction at most 
of the stations of Santos representing 63 – 99 % (Table 3). 
At stations 1, 2 and 4, silt was the most abundant sediment 
fraction with more than 55 %, while station 5 presented 

similar contributions of sand and silt. In contrast, station 14 
showed similar contributions of silt and clay (Table 3). Total 
organic matter content (TOM) ranged between 0.82 (station 
11) and 20.15 % (station 14) (Table 3). 

Santos
Station Sand (%) Silt (%) Clay (%) TOM (%) PRT:CHO

1 10.35 65.03 24.62 18.29 0.77
2 17.62 66.36 16.02 15.14 0.83
3 69.25 22.88 7.69 6.12 0.28
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4 21.17 56.31 22.52 11.62 0.48
5 34.46 46.51 19.03 10.91 0.39
6 79.85 14.65 5.50 4.58 0.25
7 98.70 1.30 0.00 1.49 0.11
8 82.00 16.00 2.00 4.98 0.69
9 99.71 0.29 0.00 1.04 2.06

10 97.94 2.06 0.00 1.47 1.02
11 99.86 0.14 0.00 0.82 0.31
12 99.55 0.45 0.00 4.91 1.05
13 99.40 0.60 0.00 1.94 2.72
14 3.09 53.07 43.84 20.15 1.97
15 63.65 30.29 6.06 10.71 0.67
16 99.05 0.95 0.00 1.48 3.28

Cananéia
Station Sand (%) Silt (%) Clay (%) TOM (%) PRT:CHO

1 99.57 0.43 0.00 3.06 0.53
2 92.30 1.70 0.00 2.98 0.84
3 96.92 3.08 0.00 2.22 2.80
4 13.34 57.40 29.26 11.84 1.26
5 82.76 10.16 7.08 3.54 0.95
6 99.97 0.03 0.00 0.49 1.19
7 99.97 0.03 0.00 0.67 1.19
8 91.65 8.35 0.00 3.18 1.02
9 36.12 39.65 24.23 11.71 0.78

10 99.89 0.11 0.00 2.11 1.47
11 60.38 19.81 19.81 11.25 1.69
12 98.74 1.26 0.00 3.14 0.93
13 99.86 0.14 0.00 0.69 1.60

Mediana 0.73 7.00 96.92 1.70 0.00 3.06 1.19
Min 0.11 1.00 13.34 0.03 0.00 0.49 0.53
Max 3.28 13.00 99.97 57.40 29.26 11.84 2.80
Sd 0.94572 3.89444 28.2555 18.0095 10.758 4.24547 0.57313

Table 3: Relative percentage of the different sediment fractions, total organic matter content, chlorophyll-a to phaeopigments 
ratios and proteins to carbohydrates ratios.

Sedimentary chlorophyll-a concentrations varied 
between 0.62 and 77.77 μg g-1, while phaeopigments 
ranged between 1.88 and 119.29 μg g-1. The lowest and the 
highest concentrations corresponded to stations 16 and 14, 
respectively (Figure 4). Proteins in sediments ranged from 

0.29 mg g-1 at station 16 to 21.04 mg g-1 at station 1 (Figure 
4). Carbohydrates presented values between 0.37 and 14.32 
mg g-1. The lowest value corresponded to station 16 and the 
highest to station 1 (Figure 4).
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Figure 4: Photosynthetic pigments, proteins and carbohydrates concentrations in sediments from Santos and Cananeia. 

In Cananeia, sediments were constituted mainly by sand 
with more than 90 % at most of the stations (Table 3). The 
exceptions were stations 4 that showed a predominance 
of silt and station 9, in which sand, silt and clay presented 
similar percentages (Table 3). TOM varied between 0.49 % 
(station 6) and 11.71 % (station 9) (Table 3). Chlorophyll-a 
concentration in sediments ranged between 0.68 μg g-1 
at station 7 to 78.00 μg g-1 at station 4. Phaeopigments 
presented the lowest value (1 μg g-1) also at station 7, while 

the highest value (102.55 μg g-1) was detected at station 9 
(Figure 4). Sedimentary proteins ranged between 0.13 and 
10.0 mg g-1. The lowest concentration was detected at station 
6 and the highest at station 9 (Figure 4). Carbohydrates varied 
from 0.30 to 10.32 mg g-1. The lowest value corresponded to 
station 7 and the highest to station 9 (Figure 4).

Principal Component Analyses
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The PCA ordination performed with the eutrophication 
related variables for water samples resulted in the formation 

of two groups of stations (Figure 5).

Figure 5: Principal component ordination for the pelagic (water samples) and benthic (sediment samples) compartment of 
the two estuarine systems studied according to the eutrophication variables analysed. Stations marked with S corresponded 
to Santos and stations marked with C to Cananeia.

Water Sediments

 Eigenvalues %Variation Cum. % 
Variation  Eigenvalues %Variation Cum. % 

Variation
PC1 2.78 55.6 55.6 PC1 3.61 72.2 72.2
PC2 1.1 21.9 77.5 PC2 0.989 19.8 92

Eigenvectors Eigenvectors
Variable PC1 PC2 Variable PC1 PC2

Secchi depth -0.064 0.814 TOM 0.51 -0.072
DO 0.53 0.166 PRT 0.491 0.059
DIN -0.574 -0.079 CHO 0.514 -0.023

Phosphate -0.572 -0.088 PRT:CHO -0.127 -0.97
Chl-a 0.242 -0.543 Chl-a 0.467 -0.222
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Table 4: Results of the Principal Component Analysis (PCA) performed with the eutrophication related variables for water and 
sediment samples of Santos and Cananeia, São Paulo- Brazil.

The first component (PC1) explained 55.6 % of the 
variance, while the second component (PC2) explained 
21.9%. The first component showed positive correlation with 
dissolved oxygen concentration and negative correlation with 
DIN and phosphate concentrations. The second component 
was positively correlated with Secchi depth and negatively 
correlated with chlorophyll-a concentration (Table 4). 
ANOSIM results (Global R = 0.953; significance level = 0.1 
%) showed that Group a, which included stations 1, 2, 3, 4, 
11, 12, 13 and 14 from Santos was significantly different 
from Group b, which included the rest of the stations from 
Santos and all the stations from Cananeia. Group a presented 
significant lower dissolved oxygen (U = 4.00; p < 0.0001) and 
chlorophyll-a concentrations (U = 22.50; p = 0.0035) than 
Group b (Table 5). Also, Group a showed significant higher 
DIN (U = 1.00; p < 0.0001) and phosphate (U = 2.00; p < 
0.0001) levels than Group b (Table 5). Secchi depth between 
these two groups was not significantly different (U = 88.50; p 
= 0.7860) (Table 4).

The PCA ordination performed with the eutrophication 
related variables for the sediments also resulted in the 
formation of two groups of stations (Figure 5). The first 
component (PC1) explained 72.2 % of the total variance 
and the second component (PC2) 19.8 % (Table 4). The 
PC1 was positively correlated with total organic matter, 
proteins, carbohydrates and chlorophyll-concentrations, 
while the PC2 showed negative correlation with the proteins 
to carbohydrates ratio (Table 4). ANOSIM results (Global R = 
0.771; significance level = 0.1 %) showed that Group a was 
significantly different from Group b. Group b, which included 
stations 4, 9 and 11 from Cananeia and stations 1, 2, 4, 5, 14 
and 15 from Santos presented significant lower TOM content 
(U = 1.00: p < 0.0001), proteins (U = 1.00: p < 0.0001), 
carbohydrates (U = 2.00; p < 0.0001) and chlorophyll-a (U 
= 1.00: p <0.0001) concentrations than Group a (Table 5). 
Group a, which included the rest of the stations from both 
estuaries showed the opposite. PRT: CHO ratios presented 
no significant difference among the estuaries (U = 81.00; p = 
0.6714) (Table 5).

Water

  Secchi depth (m) DO(mg l-1) DIN (μM) Dissolved 
Phosphate (μM) Chl-a (μg l-1)

Group a
Mean 1.66 3.33 22.27 6.05 2.64

SD 0.35 0.29 3.46 1.18 0.75

Group b
Mean 1.7 4.58 3.71 1.06 5.32

SD 0.51 0.5 1.45 0.69 2.4
Sediments

  TOM (%) PRT (mg.g-1) CHO (mg.g-1) PRT:CHO Chl-a (μg g-1)

Group a
Mean 13.51 11.24 8.48 0.98 50.07

SD 3.52 4.73 2.67 0.54 21.03

Group b
Mean 2.55 1.43 2.04 1.22 12.45

SD 1.64 1.4 1.54 0.89 9.93

Table 5: Mean and standard deviation of the eutrophication related variables in the two groups of stations obtained in the PCA.

Discussion

Trophic Condition Based on Water Parameters

To achieve the trophic condition of Santos and Cananeia 
estuaries on these study different water parameters were 
applied in order to identify the different quality environment 
groups. Considering that no significant statistical difference 
between surface and bottom water, both in Santos and 
Cananeia, were observed, just bottom water parameters 
were applied in order to identify the estuaries trophic 
condition. PCA ordination based on bottom water parameters 

(dissolved oxygen, DIN, phosphate, chlorophyll-a and Secchi 
disk depth) resulted in two groups (Figure 5). The first, 
group a is composed by seven Santos estuary stations, while 
the second, group b compile the lasting Santos stations 
and all Cananeia stations, except one station. The station 3 
of Cananeia estuary was not grouped according to the PCA 
ordination. 

The group a Santos stations are located close to the 
Industrial complex (sts. 1, 2, 4 and 4) and in the inner 
western estuary area (St. 11, 12, 13 and 14), this last one 
characterized by the presence of houses raised up on stilts 
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and a retired site for dumping household waste. The principal 
component 1 (PC1) from PCA ordination represents the main 
contributors for the grouping and have as main variables the 
dissolved oxygen concentration, DIN and phosphate (Table 
4). Principal component 2 (PC2) parameters was chlorophyll-
and Secchi disk depth and not counted significantly on the 
grouping. Mean dissolved oxygen concentration of group 
a is at least 1 ml l-1 lower than the mean value observed in 
group b (Table 5). On this case both groups represent an 
environment biologically stressful according to Bricker 
SB, et al. [1,53]. However, despite the fact that the oxygen 
levels of both groups are close, the group b contains stations 
with oxygen concentration higher than 5 ml l-1 indicating 
healthier environments when comparing to group a. The low 
dissolved oxygen values on the inner areas of the estuary 
(group a area) suggest a major organic matter contribution 
to this part of the system, leading to higher decomposing 
processes associated to a decrease in the oxygen levels [54], 
as observed in a eutrophic estuary in China most influenced 
by organic matter from terrestrial source [55,56].

The others main parameters of PC1 (DIN and phosphate) 
indicate that group a is characterized by a more enriched 
nutrients area than group b. DIN and phosphate mean 
values of group a are in general almost six times greater 
than that observed in group b. In general the aquatic system 
under eutrophication process present increase of nutrients 
from anthropogenic input [57,58], but the contribution 
from organic matter decomposition with Dissolved Oxygen 
consumption and from autochthonous origin as organic 
matter produced in surface water that sinking to the bottom 
water and sediments [56,59] can contribute to the nutrient 
pool, evidenced in nitrogen and phosphorus inorganic 
concentrations. The inner estuary area where group a 
stations are located presented the lowest salinity values 
on Santos estuary, therefore the phosphate contribution to 
this areas could be associated with the fresh water input 
to the system. Higher values of DIN observed in group a 
are associated specially to the ammonium contribution 
to the system. However, while on the inner area close to 
the Industrial complex the major contribution to the DIN 
values came from the ammonium concentration; in the inner 
western area of the system the higher ammonium values are 
associated to high amounts of nitrate and nitrite as observed 
by Braga ES, et al. [32] in the same region (Santos estuary). 
The low dissolved oxygen concentration associated to the 
high amounts of nitrogen compounds observed on group a 
suggest that the area comprised by this group is characterized 
by predominant denitrification process and ammonification, 
resulting in accumulate high amounts of organic matter and 
nutrients.

The PCA treatment indicates groups of particular trophic 
conditions as observed by the values of the PC1 parameters. 

The group a indicates an environment with high amounts on 
dissolved nutrients and low dissolved oxygen concentration, 
what could lead to a propitious eutrophication panel. 
Accordingly to Bricker SB, et al. [1,53], the low oxygen levels 
could be understood as an initial symptom of eutrophication 
with the high nutrients inputs as influencing factors. Recently, 
the empirical models using dissolved oxygen could be 
associated to the eutrophication process and nutrients loads 
[60].The major contributions to this scenario are probably 
the specifically inputs that occur in the inner area of the 
Santos estuary [32]. The industrial complex in the inner area 
of Santos is known as an area of industrial discharge that has 
been working out to diminish the hazard discharge on the 
system. 

However, the values observed on this study indicate 
unbalanced among the N forms on this inner part of 
the estuary that could be related to an industrial losses, 
especially those from fertilizer industries located there. 
In the other hand, the results of the western area of the 
inner estuary, that can be associated to organic loads from 
precarious residential nucleous raised up on stilts, suggested 
that denitrification process on OM domaining the area. This 
denitrification process could be related to a high organic 
matter input on the system especially on this area that 
not presents a proper sanitary system for waste discharge 
[61,62]. The group b indicated by PCA suggest healthier 
environments when compared with that one’s grouped 
as group a. Cananeia estuary stations, that represents a 
healthier environment compared to most of the Santos 
stations, were grouped as group b with few Santos stations 
(from Santos Bay and Santos channel). The group b stations 
suggest more equilibrated environment. It is reinforced by 
some authors [63,64] in relation to the water and sediment 
inorganic properties in the estuary around Cananeia city.

Trophic Condition Based on Sediment 
Parameters

In order to access the environment trophic state some 
sediment parameters (TOM, proteins, carbohydrates, PRT: 
CHO, Chl-a) were used on a PCA ordination. Protein and 
carbohydrates values found in the organic matter present in 
the sediments are applied as indicatives of the environment 
health as the relation between these compounds can reflect 
the organic matter quality [3, 65, 74, 76]. Two groups were 
formed by the PCA ordination based on sediment parameters 
(Figure 5). The first group a is composed by nine stations, 
six of them from Santos estuary and three stations from 
Cananeia estuary. The second group (group b) comprehends 
the other stations from both estuaries (Santos and Cananeia). 
Santos stations from group a are located very close to the 
Industrial complex (sts. 1 and 2), in the area of the Santos 
Harbor (Sts. 4 and 5), in the western inner area of the 
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estuary (St. 14) and in the Santos Bay on the east side of the 
submarine sewage outfall (St. 15). The group a is also formed 
by Cananeia stations located in the inner channels (St. 4 at 
the Cananeia channel and St. 11 at the Cubatao channel) an 
in the Trapande Bay (St. 9). PCA principal component 1 (PC1) 
represents the main contributors for the grouping based on 
TOM, protein, carbohydrate and Chl-a (Table 4). PRT:CHO 
ratios from principal component 2 (PC2) parameters not 
counted significantly on the grouping. Variables of the PC1 
are all related to the grain size as on the presence of fine 
grains as silt and clay is common the higher accumulation of 
different compounds and the presence of a more pronounced 
amount of organic matter. All the stations found in the group 
a presents an accentuated contribution of silt and clay in 
comparison to the others station of each estuary (Table 3). 
Mean values of TOM, protein, carbohydrate and Chl-a are 
higher in group a, with mean protein concentration in group 
a seven times greater than mean value of group b.

Protein and carbohydrates mean values observed in 
group a are considered extremely high as they are higher 
than 4 mg g-1 and 7 mg g-1, protein and carbohydrate 
respectively [3]. In Group a protein and carbohydrates 
values are considered representative from environments in 
hypertrophic conditions [3], where the high nutrients input 
lead to a severe decrease of the oxygen content. Mean values 
of protein and carbohydrates in Group b suggest a meso- 
oligotrophic environment according to the classification 
presented by Dell’Anno et al. [3]. The PRT:CHO ratio can 
be associated to recent deposited material when the ratio 
values are higher than 1 [75]. 

The association of the PRT:CHO ratio to the fresh material 
is based on the protein content of the organic matter as these 
molecules tend to be mineralized faster than carbohydrates 
[66,67,75]. High productive areas as estuaries tend to present 
high PRT: CHO ratios [24,9,67], however, the PRT:CHO values 
observed in both groups on this study are very similar and 
much lower than that observed in Arno [26] and Mundaka 
and Bilbao [67] estuaries with values ranging between 0.3 
and 14.4, indicating that the material was longer deposited 
on Santos and Cananeia. Venturini N, et al. [69] observed 
PRT: CHO >1 in the inner station of the Montivideo Bay 
suggesting intense detritus mineralization and [66, 67, 69] 
increment in protein due to bacterial activity. In the present 
study, the values varied from 0.11 to 3.28 (median 0.73, 
n=16)) in Santos and 0.53 to 2.80 (1.16, n=13) in Cananeia. 
Joseph MM, et al. [70] observed higher PRT:CHO ratio in 
estuarine sediments than in mangrove sediments attributed 
to the hydrodynamic condition and freshwater discharge in 
estuary opposite to low water change in mangrove sediments 
favoring dead organic matter accumulation. On the other 
hand, high lipid: carbohydrate (LPD:CHO) ratios observed 
in the Rufiji mangrove systems pointed towards the high 

quality of labile organic matter which supports benthic fauna 
[76]. However, Cheriyan AS, et al. 2022 [77] showed high 
PRT:CHO (>1) associated to biopolymeric carbon (BPC) and 
degradation index (DI) indicated eutrophication related with 
the increase in algal organic matter.

Chl-a mean value in group a is four times greater than 
that observed on group b. However, the Chl-a values from 
both groups are not considered high and are similar to that 
observed on the Palmones estuary with a maximum value 
of 15.19 µg g-1 by Moreno S, et al. [71] either by Garcia-
Rodriguez F, et al. [68] with a maximum of 23 μg g-1. On 
the other hand, mean values of phaeopigments of group 
a (66.41 μg g-1) are almost four times greater than that 
observed in group b (17.28 μg g-1) and suggest the presence 
of high human activities [64] as in harbors areas [3], since 
it is possible to considering the Group b as a more healthy 
and protect environment also based on mean protein and 
carbohydrates values. Nonetheless, not all station of group 
a are necessarily associated to a human activity impact 
as phaeopigments values are negatively correlated to the 
hydrodynamics and positively correlated to the silt and clay 
sediment fraction.
 

The two groups formed by PCA indicate different 
environment conditions based on the TOM, protein and 
carbohydrates concentrations found in the sediment. 
Group a indicates the presence of stations in hypertrophic 
conditions and affected by human activities accordingly 
to the sediment parameters, while Group b suggest a more 
healthy environment. In general, all Santos stations found in 
Group a could be associated to human impact as the sites are 
influenced by industrial and harbor activities, non-treated 
sewage discharge and submarine sewage outfall. In the 
other hand, Cananeia stations from Group a not correspond 
to places known as impacted by human activities as this 
estuary in considered a relatively well preserved area [42, 
16, 63, 64]. It is possible to consider that the high values of 
sediments parameters observed in Cananeia stations from 
Group a are mainly influenced by the hydrodynamics and 
grain size distribution on this sites due the fact that this 
estuary is considered very productive and could store high 
amounts of protein, carbohydrate and phaeopigments on the 
fine fraction of the sediment. This possibility is corroborated 
by the results of Amorim EP, et al. [40] that found the same 
Group a station of Cananeia acting as retention points due to 
its silt and clay composition. However, Santos stations from 
Group represent areas where anthropogenic activities could 
largely influence the environment.

Stations that come along the central inner area of Santos 
estuary through the Santos channel (Sts. 1, 2, 4 and 5) are 
influenced on the north by the industrial complex and on the 
south by the Santos Harbor, except by station 3 that is located 
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in a more enclosure area and not present high amounts of 
silt and clay that works as a holding fraction. On the west 
side of the estuary, station 14 could suffer influence from 
the industrial activity and/or non-treated waste discharge 
recording high values of organic material on its fine fraction. 
The station 15 could be responding due to its fine fraction 
composition as a retention point of the submarine sewage 
outfall discharge that could affect this area on the Santos Bay. 
The grain size distribution on the Santos Bay could be divided 
on two groups: one rich in silt sediment on the east side and 
another with sand grains on the west [72, 73]. The east side of 
the sewage outfall is characterized as rich on organic matter 
and nutrients [37]. Based on the present study observations 
is possible to define the groups as hypertrophic and meso-
oligotrophic environments accordingly to Dell’Anno et al. [3], 
respectively for Group a and Group b also verified by Sutti BO, 
et al. [62]. However, it is clear that not necessarily the Group 
a represents only stations from a non-healthy environment 
due to human activities influence on the system.

Comparison Between Groupings and Between 
Estuaries

Based on the PCA ordination applied in water 
parameters and in the sediment parameters, it was 
identified two distinctly groups: Group a and Group b. 
Group a comprehends in general stations in a non-healthy 
condition with eutrophication tendency or, based on 
sediment variables, in hypertrophic condition. On the other 
group (Group b), stations with healthier characteristics as 
meso-ologitophic environments were grouped. Although 
the fact, the groupings are based on specifically water and 
sediment parameters, respectively, the groups formed by 
PCA ordination presented some areas on Santos estuary with 
similarities accordingly to the groups formed. The stations 
1, 2, 4 and 14 were identified as part of Group a on both 
cases (pelagic and benthic grouping), strongly suggesting 
that these areas on Santos estuary are under eutrophication 
process and, on this case, probably due to human activity 
impact.

These stations from Santos are all located on areas 
close to the industrial complex and/or non-treated waste 
discharge. The other stations grouped as a in both cases 
(water and sediment parameters) differs from each other on 
location. However, is interesting observe that all the station 
from Santos grouped as a by the sediment parameters are 
located very close to stations characterizes as under pressure 
on both groupings. This could indicate that the areas close 
to the industrial complex, on the central inner area of the 
estuary in direction to the Santos channel (Sts. 1, 2, 3 and 
4), and on the western area of the estuary (Sts. 11, 12, 13 
and 14) are all suffering from the effects from non-treated 
effluent coming from the different human activities of the 

surroundings areas. Otherwise, just stations rich in silt and 
clay material works as retention points on these areas (Sts. 
1, 2, 4 and 14) as observed from the sediment variables. The 
association of the state on both compartments on this case is 
useful in order to verify the extension of the anthropogenic 
influence on the estuary close to the industrial complex and 
on the western area.

The results from the benthic compartment are strongly 
affected by the amount of the silt and clay fraction on the 
sediments as this fine fraction acts a holding area on the 
estuaries as observed by Amorim EP, et al. [40] on Cananeia. 
On this case we suggest that the others areas characterized 
as hypertrophic on Santos estuary (Sts. 5 and 15) could 
really be seen as problematic areas due to the high amount 
of human activity on these sites. These stations could be 
acting as holding sites to compounds from the harbor and 
the submarine sewage outfall. However, Cananeia stations 
grouped as hypertrophic environments are probably 
characterized by the accumulation of the organic material on 
the fine fraction of the sediment and not by anthropogenic 
influence on this estuary. It is also possible, based on the 
water parameters results, verify that Cananeia is not as 
unhealthy as Santos due to the higher oxygen saturation 
levels while Santos showed waters more enriched in 
nutrients, suggesting that Cananeia has a better nutrients 
cycling due to its oxygen and nutrient levels. Based on these 
observations is important conclude that the verification of 
the benthic compartment state based solely on the sediment 
parameters as protein and carbohydrates could lead to 
misunderstanding results if no clear background knowledge 
on the study area is available or more data are accessible.

Conclusion

Based on the groups formed by PCA ordination using 
water and sediment parameters it was possible to identify 
areas of the Santos estuary that are probably under high 
anthropogenic influence due to its proximity to the industrial 
complex located at Cubatao region on the inner estuary (Sts. 
1, 2, 3 and 4) and on the western area of the system (Sao 
Vicente city), close to the habitacional nucleous raised up 
on stilts that are under not enough sanitary conditions with 
non-treated sewage (Sts. 10, 11, 12 and 14). However, the 
major retention is only seen on the stations rich in silt and 
clay minerals (fine fraction of the sediments) (Sts. 1, 2, 4 and 
14). On this case the associated use of water and sediment 
variables to access the environment state was very useful to 
achieve the real extent of the human activity influence. The 
PCA grouping based on sediment parameters also suggest 
more two areas of Santos that could be characterized as non-
quality environments. Station 5 (close to the Santos Harbor) 
and station 15 (on the east side of the submarine sewage 
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outfall) that could be acting as holding sites to the material 
flux from the anthropogenic activities on the surrounding 
areas. However, the three stations indicated as non-healthy 
environments by the sediment variables on Cananeia are not 
understood as areas influenced by human activities. These 
Cananeia stations rich on organic material work as retention 
sites due to his high amount of fine sediment fraction. Santos 
and Cananeia presents different anthropogenic influences 
and it can be seen by using the water and sediment variables 
grouping, nevertheless the individual use of the sediment 
variables could lead to misunderstanding results as the fine 
grains (silt and clay) found on the sediments highly influence 
the results.
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