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INTRODUCTION

Numerous coastal ecosystems have been af-
fected by treated or untreated wastewater discharges, 
both of urban and industrial origin. Estuarine areas 
serve as receptors of natural and anthropogenic or-
ganic matter derived from land and carried there by 
the rivers and the air (Wu et al., 2001).

 Coastal areas have received a significant input 
of hydrocarbons, land-derived organic compounds 
(Pereira et al., 1999; Wu et al., 2001). The analysis of 
these substances in the aquatic environment can be 
done on samples taken from water, organisms and 
sediments (Medeiros et al., 2005). Sediments are 
recognized to be excellent sinks for pollutants such as 
hydrocarbons. These compounds are readily adsorbed 
onto particulate material, and bottom sediments act as 
a reservoir of hydrophobic contaminants (Volkman et 
al., 1992). Therefore, sediments can hold and release 
pollutants, causing detrimental effects to the biota long 
after the initial input of pollution has ceased. These 
contaminants may be released slowly and they may 
also accumulate in organisms that dwell in and around 
the sediment (Tolosa et al., 2005). The composition of 
hydrocarbon compounds found in sediments reflects 
relatively the origin of such compounds: biogenic, 
diagenetic, petrogenic and pyrogenic (Wu et al., 2001; 
Azevedo et al., 2002; Mille et al., 2005). Aliphatic 
hydrocarbons in sediments derive from a variety of 
allochthonous sources, mainly higher plants, and au-
tochthonous sources, including plankton and bacteria 
(Wakeham, 1996). The characteristic molecular com-

position often provides the means for distinguishing 
between sources.

Among the biogenic hydrocarbons, n-alkanes 
are the ones predominant in plants and animals 
(Nishigima et al., 2001). Biogenic hydrocarbons are 
typically characterized by homologous series of short-
chain n-alkanes (e.g., nC15 - nC19) if derived from 
algae or longer-chain n-alkanes (nC25 - nC35), if 
derived from higher plant epicuticular waxes, coupled 
with a strong predominance of odd-over-even carbon 
numbers (Yunker et al., 1993). Aliphatic hydrocarbons 
are also the major components of petroleum products, 
producing a distribution of n-alkanes in which odd 
and even carbon chain lengths are roughly equal in 
abundance (yielding a carbon preference index [CPI] 
of ≈ 1) and often with an unresolved complex mixture 
(UCM) of branched and cyclic alkanes (Colombo et 
al., 1989; Martins et al., 2004; Simpson et al., 2005; 
Zheng & Richardson, 1999).

Patos Lagoon is the largest lagoon in Brazil, 
and it receives most of the drainage system of the Rio 
Grande do Sul state. This is a bar – built lagoon with 
an estuarine area of about 900km2, and it has been 
exposed to significant anthropogenic effects mainly 
originated by the industrial and the port dwelling areas 
of Rio Grande City. The Patos Lagoon (32ºS, 49ºW) 
is ca. 250km long and 60km wide, covering an area 
of 10 360km2 along the coastal plain of Rio Grande do 
Sul in southern Brazil (Figure 1). This lagoon is one of 
the world’s largest coastal aquatic ecosystems with a 
drainage basin of 201 626km2. The lagoon is connected 
to the ocean via a channel bordered by jetties, 4km 
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long and 740m wide, that were constructed to stabi-
lize the mouth of the estuary and to allow navigation 
along the entrance channel (Figure 1). The estuarine 
zone serves as a nursery ground for coastal fishes, 
including species that support important fisheries in 
the southwestern Atlantic Ocean (Tagliani et al., 2003). 
More than 3 000 000 inhabitants live in the surround-
ing towns and cities, using the waters of the pond 
for fishing, agriculture, industry, navigation, domestic 
consumption and leisure (Mirlean et al., 2003). Z3 is 
a fishing village located 20 km from the city of Pelotas 
on the margin west of the Patos Lagoon. This village 
was founded in 1923 and it is a traditional nucleus of 
craft fishermen. 

The majority of the studies related to the Patos 
Lagoon has focused on the quality and composition 
of the water, organic matter and nutrient enrichment 
(Baumgarten et al., 2001). Most research of investiga-
tions addressing hydrocarbons in the Patos Lagoon, 
were conducted in the area of the city of Rio Grande 
(Cordeiro, 2003).

This paper investigates the levels of hydrocar-
bons and also the potential sources of contamination 
of the sediments in the fishing village (Z-3) in the city 
of Pelotas, Brazil. The main objective of this study 
was to assess the relative contribution of waste fuel 
and biogenic hydrocarbons to the surface sediments 
in this area.

MATERIALS AND METHODS

In order to evaluate hydrocarbons inputs from 
natural and anthropogenic sources to Patos Lagoon 
(Z-3 Village), four sediment samples were collected in 
February 2007 (summer) in the sites shown in Figure 1. 

The exact position of each sampling point 
(Table 1) was defined through GPS measurements 
(GPS, Global Positioning System, equipment Garmin 
& Trex®, precision of ±15 m). These sites are located 
in a fishing village (Z-3) in the city of Pelotas, (Brazil). 
Surface (bed load) sediments (0 - 5 cm deep) were 
collected utilizing a stainless steel Van Veen grab. 
Samples were placed in cleaned, solvent rinsed glass 
flasks wrapped with aluminum foil. All samples were 
homogenized and immediately frozen after collection 
at – 4oC until laboratory analysis.

Collected sediments were homogenized and 
sub sampled for the determination of water content, 
organic matter and grain size distribution. The total 
organic matter (TOM) was determined by the calcina-
tion method (Bisutti et al., 2004) and the grain size 
analysis by the standard sieve method (Suguio, 1973). 
The water’s temperature, conductivity and pH to each 
point were measured at the moment of the sediment 

sampling. The pH was determined by potentiometric 
method, using the digital pH meter mark homis MOD. 
801. Conductivity and dissolved oxygen were re-
spectively analyzed by a portable conductivity meter, 
Instrutherm MOD. CD-830, and by pulse oximetry, 
homis MOD. 509.

Solvents (dichloromethane – DCM, n-hexane – 
hex and acetone – ace), anhydrous sodium sulfate and 
silica gel 60 (70-230 mesh ASTM) were of analytical 
grade from Merck (Darmastadt, Germany); neutral alu-
mina (type 507, 70-290 mesh ASTM) was from Fluka 
AG (Switzerland) and cellulose extraction cartridges 
(20 mm i.d. and 80 mm long) were from Whatman 
(UK). Silica, alumina and anhydrous sodium sulfate 
were activated at 400ºC during 4 hours. Aluminum foils 
were rinsed with acetone and let dry at environment 
temperature prior to use. 

Copper foils (Sigma-Aldrich, USA) were acti-
vated with concentrated HCl and further washing with 
purified water (twice), methanol (twice), DCM (twice) 
and hexane (twice), being stored in hexane.

The chromatographic standards were pur-
chased from Sigma Aldrich (USA). The standard 
solution of n-alkanes hydrocarbons (nC8 - nC40) was 
obtained by dilution of a 40mg L-1 standard mixture in 
dichloromethane.

Extraction of the analytes was carried out using 
Soxhlet equipment, according to EPA method 3540 
(USEPA, 1996). The wet sample (25g) was mixed with 
25g of anhydrous Na2SO4 and, the analytes, extracted 
for 16 hours using approximately 250mL of a solvent 
mixture of acetone/hexane (1:1, v/v). Activated copper 
foils were added during extraction for sulfur removal 
(Zheng & Richardson, 1999) in order to avoid these 
interferences in the gas chromatography analysis. 

Figure 1 - Map of the Pelotas region and the location of the sam-
pling points.
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Extracts were passed through a column filled 
with anhydrous Na2SO4 and concentrated under a 
nitrogen flow (99.99 %, White Martins). Further pu-
rification of extracts was performed using a column 
filled with 1 g of anhydrous Na2SO4, 3.2 g of silica 
(SiO2) – 5% deactivated, 1.8g of alumina (Al2O3) – 2% 
deactivated, and 1g of anhydrous Na2SO4 on the top. 
Extracts were mixed with 0.5g of silica and added on 
the top of a column. The sequence of solvents for 
elution was 20mL n-hexane (fraction F1 – Aliphatic 
hydrocarbons), 20mL of DCM/n-hexane solution (1:5, 
v/v) and 20mL of DCM/hexane solution (1:1, v/v). 
Fraction F2 (polyaromatic compounds) resulted from 
the mixture of these two later fractions (UNEP, 1992). 
All fractions were concentrated under nitrogen flow 
and then stored at -4oC. 

For the chromatographic analysis, the fractions 
(F1) were reconstituted in DCM (up to 1mL) and one 
aliquot of 1µL of each extract was injected in the GG-
FID in splitless mode.

The n-alkanes hydrocarbons were quantified 
using a GC-FID (Focus Thermo Finnigan), with a DB1 
column (30m x 0.25mm i.d. x 0.25µL film thickness) 
and splitless mode injection. Injector and detector 
were maintained at 2 800C and 3 000C, respectively. 
A calibration curve for nC8 to nC38 linear n-alkanes 
hydrocarbons covered a range between 0.2 and 
4.0mg L-1, encompassing five points of different. Each 
point of the calibration curve represents the mean value 
of three independent area measurements. The limit 
of detection (LOD) was calculated using 3 times the 
standard deviation of the intercept divided by the slope, 
whereas limit of quantification (LOQ) was calculated 
using 10 times the standard deviation of the intercept 
divided by the slope.

Oven temperature program used in both equip-
ments was: initial temperature 80ºC, 5 min on hold, 
heating to 160ºC at 8ºC min-1 and heating to 280ºC 
at 3ºC min-1 (15 min hold). Sample volume injected 
was 1.0µl.

The terrigenous/aquatic ratio (TAR) (Mille et al., 
2007) which is the ratio between the concentrations of 
long–chain n-alkanes (nC27 + nC29 + nC31) vs. short–
chain n-alkanes (nC15 + nC17 + nC19) evaluates the 
importance of terrigenous inputs versus aquatic inputs. 

RESULTS AND DISCUSSION

 n-alkanes Hydrocarbons
A preliminary study of the characterization of 

sediments from different sampling points can be seen 
on table 1 and figure 2. Point 1 exhibited sediment 
richer in organic matter and with a smaller grain size. 
These characteristics indicate a potential for the ac-
cumulation of organic pollutants.

Results of the chromatographic analysis of n-
alkanes hydrocarbons can be observed in Figure 3 
and Tables 2 and 3. 

Correlation coefficients (R2) varied from 0.982 to 
1.000; limits of detection (LOD) and limits of quantifica-
tion (LOQ) were found in the range of 0.11 - 4.20µg kg-1 
and 0.45 - 5.07 µg kg-1, respectively (Table 2).

The samples showed a distribution of n-alkanes 
from nC14 to nC34, and the total n-alkanes concen-
trations in the sampling points varied from 337.6 to 
5 868.9μg kg-1 (Table 3). A decrease in concentration 
was observed from P1 to P4 sites. This behavior is 
in agreement with the results for analysis of PAHs, 
constituents of Fraction 2, studied by Luz et al. (2010) 
and Sanches et al. (2010), in the same area. The 

CPI = �
∑ concentration of odd HC
∑ concentration of even HC

� × �
number of odd HC
number of even HC

� 

The Carbon Pre ference Index  (CPI ) 
(Commendatore & Esteves, 2004; Calva et al., 2005; 
Mille et al., 2007) was used for identifying plant wax 
contribution versus fossil fuel contamination. CPI can 
be calculated through the expression:

Table 1 - Detailed description and characteristics of sampling sites. Mean ± RSD relative standard deviation, TOM - total organic matter, 
C - conductivity, T - Temperature.
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results of this study are also in agreement with those 
obtained in studies performed in similar regions, as 
shown in Table 4.

The distribution profiles of the n-alkanes from 
nC19 to nC32 in points P2, P3 and P4 are similar, 
differing from point P1. The major difference between 
the three sites (especially points P1 and P2) is in the 
range from nC14 to nC18. This difference can be 
caused by the presence of compounds originated from 
phytoplankton and algae. 

Unresolved Complex Mixtures (UCM) were 
detected only in point P1, and they may be due to 

petroleum input and/or the presence of biodegraded 
complex mixture of hydrocarbons, as it can be seen 
in the chromatograms of Figure 3. In this sampling 
point it is possible to observe that the concentration of 
nC16, nC18, nC20 alkanes, which are characteristic 
of fossil fuels, is higher than in the other sampling 
points. The UCM can be considered as the result of 
many co-elutions of structurally complex isomers and 
homologues of branched and cyclic hydrocarbons 
(Mille et al., 2007).

The evaluation of individual n-alkanes in sedi-
ments can provide information about the biogenic or 
anthropogenic source of the hydrocarbons. The Carbon 
Preference Index (CPI) which is used for identifying 
plant wax contribution versus fossil fuel contamination, 
varied from 1.27 to 1.33 (table 3). A CPI value higher 
than those indicates the predominance of odd number 
of carbon atoms in the hydrocarbon molecules, which 

Figure 2 - Particle size distribution for the sediments at each 
sampling point.

Figure 3 - Gas chromatograms of aliphatic hydrocarbons, charac-
terizing n-alkanes in sediments. Chromatographic conditions are 
reported in the text and all chromatograms are normalized to the 
signal level at a maximum of 7 mV.

Table 2 - Figures of merit for the analytical procedure. a - slope, 
linear coefficient, b - correlation coefficient, for the equation Y=aX+b; 
LOD- limit of detection; LOQ-limit of quantification.
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is and indicative of biogenic origin (Calva et al., 2005). 
This was observed in all the investigated points. 

The most contaminated point with n-alkanes 
hydrocarbons was point P1, which is located in the pier. 
This situation can be explained by the fact that almost 
fishing boats are kept in this place and also by the poor 
water circulation in the area, allowing these compounds 
to accumulate. These results are in agreement with 
the high concentration of organic matter found in this 
area (Table 1). The second most contaminated point 
is located between the pier and the lagoon, being this 
point on the course of the water/sediment flow, from the 
pier to the lagoon, allowing the observation of the dilu-
tion effect over the organic matter. The concentration of 
the n-alkanes hydrocarbons decreases approximately 
10 times and is kept at this level in the other studied 
point (Figure 3 and Table 3).

The results have also shown the presence of 
low molecular weight alkanes, particularly the nC17, 
in points 1 and 2. This compound is an indicative of 
the influence of aquatic organisms (algae, plankton) 
(Mille et al., 2007). The low molecular weight alkanes 
are most easily degraded, and this may explain their 
lower concentration in the other points.

The sum of high molecular weight n-alkanes 
concentrations (nC27, nC29 and nC31) can be used 
to measure the inputs from terrestrial plants, whereas 
the sum of nC15, nC17 and nC19 indicates n-alkanes 
from aquatic sources. The terrigenous/aquatic ratio 
(TAR) (Mille et al., 2007) evaluates the importance of 
terrigenous inputs versus aquatic inputs. When aquatic 
sources predominate, the terrigenous/aquatic ratio 
(TAR) decreases to values below 1 (TAR < 1) (Mille 
et al., 2007). This behavior was observed in all the 
studied points.

CONCLUSION

The sampling point P1 presented higher levels 
of hydrocarbons than other studied points, but it is 
still within the range of non contaminated sites. The 
level found of the hydrocarbons, was mainly due to n-
alkanes originated from weathering of soil with vascular 
plants and algae production.  A significant amount of 
n-alkanes was found in the sediment of point P1 and 
its origin pointed to petroleum, besides algal produc-
tion. The presence of an UCM in the extracts of the 
sediment of point P1 also corroborates the facts just 
mentioned. Point P2 shows the contaminants being 
washed away towards the lagoon. Sediment in point 
P3 and P4, located into the lagoon, presents alkanes 
of biogenic origin. Comparing the different sampling 
points, it is possible to observe the dilution effect of 
the lagoon over the analyzed compounds. In general, 
the sediments sampled in the investigated region pre-
sented small levels of contamination by hydrocarbons. 
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