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ABSTRACT

Amazonian aquatic systems are usually associated
with pristine waters, however, irregular urban
occupation of the hydrographic basins and
sewerage deficiencies may lead to point and diffuse
contamination. Sewage contamination in intertidal
surface sediments from the Guajara Estuary,
Brazilian Amazon coast, was evaluated using a
set of steroids as biomarkers. Sediments collected
along the urbanized margin were also analyzed for
chlorophyll a, total organic carbon and grain sizes.
Coprostanol, the main fecal sterol, was found at
concentrations varying from 0.06 to 7.93 pg g
dry sediment, following the sequence Tucunduba
> Ver-o-Peso > Porto da Palha > Tamandaré >
Icoaraci > Miramar. Mixed sources of organic
matter and coastal process probably concurred to
produce weak correlations among the parameters.
Plant derived sterols, including #-C30 alcohol and
B-amyrinyl alkanoates, were clearly abundant,
but they did not preclude the use of other steroid
signals to the assessment of sewage contamination.
High values of the steroid indexes involving 5a
and 5B stanols and stanones highlighted sewage
contamination at the sites with the lowest absolute
coprostanol concentrations. The predominance
of 5B stanols indicated a chronically sewage
contamination of the area.

Descriptors: Coprostanol, Sewage, Guajara Estuary,
Sitosterol, Amazon Coast, Mangrove swamps.
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REsumo

Os sistemas aquaticos amazonicos sdo geralmente
associados a aguas intactas, no entanto, a ocupagao
urbana de forma irregular das bacias hidrograficas
e a deficiéncia no saneamento basico podem levar a
contaminagdo pontual e difusa. A contaminagao por
esgoto em sedimentos superficiais de entremarés
do Estuério Guajara, costa amazonica brasileira, foi
investigada usando um conjunto de esterdides como
biomarcadores. Os sedimentos coletados ao longo
da margem urbanizada também foram submetidos
a analises de clorofila-a, carbono organico total
e granulometria. Coprostanol, o principal esterol
de origem fecal, foi encontrado em concentragdes
entre 0,06 a 7,93 pg g! de sedimento seco, na
sequéncia Tucunduba > Ver-o-Peso > Porto da
Palha > Tamandaré > Icoaraci > Miramar. As
baixas correlagdes entre os parametros investigados
provavelmente foram resultantes de fontes mistas de
matéria organica e processos costeiros. Os esterdis
derivados de plantas, incluindo alcoois n-C30 e
B-amirinil alcanoatos, mostraram-se abundantes nas
amostras, porém ndo impediram o uso dos outros
esterdides na avaliagdo da contaminagdo por esgoto.
indices especificos envolvendo estandis e estanonas
5o and 5P evidenciaram a contaminag¢do por esgoto
nas amostras com as menores concentracdes absolutas
de coprostanol. A predominancia de estanois 50
indicou contaminagao crénica por esgoto na area.

Descritores: Coprostanol, Esgoto, Estudrio Guajari,
Sitosterol, Costa Amazdnica, Mangue.
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Amazonian aquatic ecosystems are usually associated
with pristine environments because of the reduced
industrial and urban development, the typical fluvial-
dominated hydrodynamics and the intense rains that
have depuration and dilution effects on sewage effluents.
The Brazilian Amazon coast like many coastal areas
worldwide is subject to anthropic influence. The Guajara
Estuary is an example of an Amazonian coastal area that
serves multiple purposes. It is located at the mouth of the
Amazon delta and is part of the Marajo Gulf system, in the
State of Para, North Brazil. The estuary receives around
6 x 10° m’ day!' of raw sewage both from its catchment
area and from the coast produced by commercial and
touristic activities (IBGE, 2010) related mainly to the
Ver-o-Peso open fish market, the Miramar oil terminal,
several dockyards, fish processing industries and kaolin
and other chemical processing industries which contribute
with a variety of effluent discharges. The capital of
Para, Belém, alone accounts for a population of around
1.40 x 10° inhabitants (IBGE, 2010), the highest on the
north coast. According to the latest IBGE report, 54.5% of
the population of the Belém metropolitan region resides in
illegal areas and part of the low-income population lives
along the coast in stilt houses in areas subject to flooding
with no access to sanitary infrastructure. The sewerage
systems of the suburbs and central districts dispose of the
wastes directly into the bay or via channels and rivers with
no prior treatment.

Despite the precarious sanitary conditions of the area,
there is still a paucity of studies on the identification and
monitoring of sewage organic contamination that could
help to prevent potential adverse effects to both public
health and environmental quality standards. Alternative
indicators derived from cholesterol such as coprostanol,
epicoprostanol, cholestanol, coprostanone and cholestanone
have been applied for the identification of the chemical
composition of sedimentary organic matter and particularly
for tracking sewage contamination in diverse environments
(GRIMALT et al., 1990; VENKATESAN; MIRSADEGHI,
1992; EGANHOUSE; SHERBLOM, 2001; MARTINS
etal., 2008; COSTA et al., 2011). Cholesterol is reduced by
bacteria in the intestinal tract of most mammals and birds
resulting in coprostanol, the main fecal sterol (BULL et al.,
2002). In human feces, coprostanol constitutes 60% of the
total sterols (LEEMING et al., 1996). Because steroids
are hydrophobic they tend to adsorb to sewage particulate
matter and during sinking and burial these compounds

undergo degradation or are eventually preserved in anoxic
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sediments depending on the ambient conditions and
sediment re-working (PRATT et al., 2008).

The steroidal composition of the Amazonian estuarine
sediments has been related to its abundant mangrove
vegetation (KOCH et al., 2011), part of the second largest
mangrove belt in the world (MENEZES et al., 2008).
Mangrove leaves and roots contain a large number of
sterols and triterpenes (GHOSH et al., 1985; BASYUNI
et al., 2007) and make an important contribution to the
carbon biogeochemistry of coastal environments. In the
present study, selected steroids from both fecal and plant
sources were examined in the intertidal surface sediments
of the Guajara Estuary (Belém, Para). Our study is the first
to address an investigation of sewage biomarkers in an
Amazonian estuarine system.

The Guajara Estuary (01°27’S 48°30°W) receives
hydrodynamic and sedimentary contributions from the
Guama and Acara-Moju rivers, forming an oligohaline,
highly dynamic, mixed-energy fluvial dominated system
with a semidiurnal mesotidal regime and spring tidal
variations of around 3.6 m and surface current during ebb
spring tide of up to 2.2 m s (GREGORIO; MENDES,
2009). The ebb and flood channels are positioned,
respectively, on the left and right margins of the estuary,
with shallower depths and sandy mud banks predominating
on the urbanized right margin (GREGORIO; MENDES,
2009). The Koppen-Geiger climatic classification is type
Af, equatorial with temperatures ranging from 27 to 32°C,
and humidity around 70-80%. Seasons are marked by
wet (December to March) and dry (April to November)
periods. Mean precipitation for January/2011 reached
525 mm (INMET, 2012). The mangrove vegetation is
dominated by Rhizophora racemosa, Rhizophora mangle,
Avicennia germinans and, to a lesser extent, Laguncularia
racemosa (MENEZES et al., 2008).

Sediment samples from 6 intertidal sites were
collected using a stainless steel spatula, in January/2011,
along the urbanized margin of the estuary, and named
after the nearest towns or rivers: Tucunduba, Tamandaré,
Ver-o-Peso, Porto da Palha, Miramar and Icoaraci
(Table 1). The sites were chosen due to the use of the
surrounding waters for primary and secondary contact.
Sediments were sub-sampled for analyses of steroids,
grain size, total organic carbon and chlorophyll a. Steroids
were analyzed as trimethyl silyl ether derivatives by
gas chromatography with flame ionization detection
(KAWAKAMI; MONTONE, 2002) and confirmed by
mass spectrometry. Chromatographic separation was
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performed using a 5% phenyl-methyl-silicon column
(50 m, 0.32 mm external diameter and 0.17 mm internal
diameter). Mass spectra were obtained using the same
separation conditions and operated in the electron impact
mode at 70 eV, scan for spectra acquisition, with helium
as carrier gas. Sample mass spectra were compared
with analytical standards and literature data. Complete
procedural blanks were performed to check for cross
contamination. Recoveries ranged from 84 to 89%
(5a-cholestane). Grain sizes were determined using a laser
granulometer and Sysgran software after elimination of
organic carbon with hydrogen peroxide (SUGUIO, 1973;
CAMARGO, 2006). Chlorophyll-a was determined using
a well-established spectrophotometric method based on
90% acetone extraction (PARSONS et al., 1984). Total
organic carbon (TOC) was analysed by a titrimetric
method using potassium dichromate with ammonium
ferrous sulphate and diphenylamine (GAUDETTE et al.,
1974). The hydrochemical parameters of the overlying
waters (pH, temperature, salinity, conductivity, and total
dissolved solids) were measured in situ using a portable
analyser (Table 1).

Coprostanol, epicoprostanol, cholesterol, coprostanone,
cholestanone, brassicasterol, stigmasterol and n-alkanols
(n = 27-30) were identified in the sediment samples of
the Guajara Estuary by GC-FID retention times and
their prominent m/z values from authentic standards
or comparisons with literature data. A typical GC-FID

chromatogram profile is illustrated for the sediment samples
in Figure 1. It was found that some compounds coeluted
with sitosterol and sitostanol. The saponification step was
not performed during extraction, therefore plant waxes
presumably esters coeluted with sitosterol as indicated
by m/z-values for key mass fragments of B-amyrinyl
alkanoates (Figure 2a). Amyrinyl has been identified as
an abundant compound in epicuticular wax in leaves of
Rhizophora mangle and riverine sediments (OYO-ITA et
al., 2010). Long-chain n-alkanols with more than 20 units of
C atoms (SIMONEIT, 1986; FERNANDES etal., 1999) did
not appear to cause interference on sterol analyses, except
n-C30 alcohol that co-eluted with sitostanol (Figure 2b), as
indicated by the m/z profile of the sediment samples. Other
mangrove derived triterpenoids usually found in sediments
such as f-amyrin, a-amyrin, germanicol, taraxerol, lupeol,
and butelin (GHOSH et al., 1985; KOCH et al., 2003;
KOCH et al.,, 2011) were not identified as causing any
interference according to comparisons with literature m/z
fragmentation profiles.

An analytical method for the mangrove derived
n-alkanols and triterpenoids was not optimized and
therefore these compounds were not quantified. Apart
from cholestanone, other stanones such as taraxerone,
oleanones, ursenones and hopanones, reported in eutrophic
areas (GRIMALT et al., 1990), have not been evaluated.
On the other hand, sitosterol, sitostanol, brassicasterol and
cholestanol, which are phytosterols, were quantified to

Table 1. Ancillary hydrochemical and sedimentary parameters for the Guajara Estuary, with sampling positions.

Ancillary data Tucunduba Porto da Palha Tamandaré Ver-o-Peso Miramar Icoaraci

y Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Location S01°18°01.3” S01°18°01.3” S01°18°01.3” S01°18°01.3” S01°18°01.3” S01°18°01.3”

W 48°29°25.8” W 48°29°25.8” W 48°29°25.8” W 48°29°25.8” W 48°29°25.8” W 48°29°25.8”

Hydrochemical
pH 6.57 6.26 6.64 6.23 6.43 6.67
Temperature (°C) 28.9 29.5 28.7 29.1 29.2 29.5
Total dissolved solids 41.0 32.0 45.0 39.0 45.0 51.0
(mg L)
Salinity 0.0 0.0 0.0 0.0 0.0 0.1
Conductivity 87.8 68.3 96.5 83.2 95.5 108.2
(uS cmr)
Sediment
Chlorophylla 0.52 241 1.07 Nd 0.43 0.40
(mg g dry sediment)
TOC (%) 15.5 4.0 3.0 - 3.5 15.9
Sand (%) 6.9 19.1 13.3 97.6 0.0 16.4
Silt (%) 76.1 71.4 70.3 1.7 77.6 60.9
Clay (%) 17.0 9.5 16.4 0.7 22.4 22.7
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Figure 1. Typical GC-FID profile of the sediment sample from Tucunduba. Peak identification: 1. Coprostanol; 2.
Epicoprostanol; 3. Coprostanone; 4. Cholestanone; 5. Cholesterol; 6. Cholestanol; 7. Brassicasterol; 8. Stigmasterol; 9.

B-Sitosterol; 10. B-Sitostanol.
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Figure 2. Typical mass fragmentograms obtained for sediment samples from the Guajara Estuary indicating:
() coelution of B-amyrinyl (m/z: 218, 203, 189) with sitosterol (m/z: 129, 357, 396, 486); (b) coelution of n-C,;
alcohol (m/z: 495) with sitostanol (m/z: 107, 147, 215, 383, 473).

allow a comparison of the natural organic sources and a
better understanding of the composition of the estuarine
sediments.

The concentrations of the steroids, together with
the contents of chlorophyll a, total organic carbon, and
granulometry are presented in Table 2. The total steroids
concentrations ranged from 8.76 to 57.3 ug g! dry sediment,
with highest value at site 4 (Ver-o-Peso). Coprostanol, the
main fecal sterol, was found at concentrations varying from
0.06 to 7.93 ng g' dry sediment, following the sequence
Tucunduba > Ver-o-Peso > Porto da Palha > Tamandaré >
Icoaraci > Miramar. Coprostanol concentrations higher than
0.010 pg g' in marine sediments have been taken as an
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indication of sewage contamination from urban or livestock
sources (HATCHER; MCGILLIVARY, 1979). Based on the
absolute coprostanol concentrations, the sediments of the
Guajara Estuary are under sewage influence comparable to
that of other contaminated coastal ecosystems (GRIMALT
et al., 1990; VENKATESAN; KAPLAN, 1990; MUDGE;
BEBIANO, 1997; EGANHOUSE; SHERBLOM, 2001;
MARTINS et al., 2008).

Epicoprostanol 0.2-6.4% of

total steroids and is probably a result of diagenetic

corresponded  to

transformations since considerable amounts of this sterol

in recent sediments are recorded only when urban sewage
sludge undergoes digestion treatment (MCCALLEY
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Table 2. Concentrations of steroids in sediment samples from the Guajara Estuary. Values between parentheses indicate percentage to total steroids.

Steroid (ug g) Tucunduba  Porto da Palha  Tamandaré  Ver-o-Peso Miramar Icoaraci
Hee Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Coprostanol

5B-cholestan-3p-ol 7.93 (33.9) 1.37 (3.0) 1.03 (14.7) 5.61(9.8) 0.06 (0.2) 0.19(2.2)

Epicoprostanol

5B-cholestan-3a-ol 0.62 (2.6) 1.92 (4.2) 0.15(2.1) 3.65(6.4) 0.05 (0.2) 0.04 (0.5)

5B-coprostanone

5B-cholestan-3-one 2.35(10.0) 11.0 (23.9) 0.46 (6.6) 3.53(6.2) 0.16 (0.6) 0.23 (2.6)

Sa-cholestanone

Sa-cholestan-3-onc 0.52(2.2) 5.16 (11.2) 0.13 (1.9) 1.19 (2.1) 0.02 (0.1) 0.20 (2.3)

Cholesterol 251 (10.7) 5.82 (12.7) 071 (10.1)  169(29.6)  054(1.9)  134(15.3)

Cholest-5-en-3-ol ’ ' ’ ' ’ ' ’ ’ ' ’ ’ ’

Cholestanol 2.19 (9.4) 6.50 (14.1) 0.88(12.6)  9.17(16.0)  1.53(53)  1.14(13.0)

Sa-cholestan-3f-ol ' ’ ’ ' ’ ' ' ’ ' ’ ’ ’

Brassicasterol

24-methyleholest-5 22-dien-3pol  *90 42 3.06 (6.7) 0.19 (2.7) 3.01(5.3) 032 (L.1) 0.46 (5.2)

Stigmasterol

24-ethylcholest-S 22-dien-3Bol 2.32(10.0) 5.25(11.4) 029(4.1)  596(10.4)  2.89(10.0)  1.97(22.5)

f-sitosterol*

4-cthylcholest-5-en-3B-ol 2.43 (10.4) 3.10 (6.7) 1.37 (19.6) 3.07(54)  6.84(237)  2.00(22.8)

f3-sitostanol*

4-cthyl-5a-cholestan-3p-ol 1.59 (6.8) 2.89 (6.3) 1.79 (25.6) 517(9.0)  165(569)  1.19(13.6)

Total steroids 23.4 46.0 7.00 57.3 28.9 8.76

et al., 1981), which is not the case for the study area
in question. Furthermore, site 2 (Porto da Palha) was
the only site for which epicoprostanol concentration
was superior to that of coprostanol. A diagenetic
interconversion of coprostanol into epicoprostanol via
coprostanone, a process known as epimerisation, may
also occur as observed in laboratory experiments with
sewage sludge (MCCALLEY et al., 1981).

Elevated 5B-coprostanone concentrations were found
in samples from Tucunduba, Ver-o-Peso, and exceptionally
high ones at site 2 (Porto da Palha, 24% of total steroids).
Site 2 also presented high concentration of Sa-cholestanone
(11% of total steroids) and evidenced, as epicoprostanol, the
occurrence of diagenetic transformations assuming that the
5o compounds correspond to the thermodynamic products
(LEEMING et al., 1996). 5B-coprostanone intermediates
the intestinal transformation of cholesterol into coprostanol
and the combinations of the concentration ratios involving
5B-coprostanone,  Sa-cholestanone, coprostanol and
cholestanol have been considered a more reliable indication
of fecal contamination, particularly when coprostanol levels
alone can be masked by mixed sources of fecal material
other than that from humans (GRIMALT et al., 1990;
BULL et al., 2002; PRATT et al., 2008). The use of steroid
ratios is presented later in the next topic.

Cholesterol (2-30% of the total steroids) and
cholestanol (5-16% of total steroids) were found in their
highest concentrations at site 4 (Ver-o-Peso). Cholesterol
is also produced by marine organisms (VOLKMAN,
2005), whereas cholestanol is present in several
organisms including phytoplankton, zooplankton, water
weed, and terrestrial higher plants (NISHIMURA;
KOYAMA, 1977). These sterols can also be found in
feces in different proportions and depend on the animals
concerned and their dietary habits (LEEMING et al.
1996; SHAH et al. 2007), care should, therefore be taken
when considering only these compounds as biomarkers
of marine or terrestrial organic inputs in areas under
anthropogenic impact.

Brassicasterol was observed atits lowest concentrations
(1-7% of total steroids), which is in line with the weak
marine influence throughout the estuary as this phytosterol
is mostly to be expected in marine phytoplankton cells,
although it can also be produced by some terrestrial plants
(VOLKMAN, 2005). In constrast, stigmasterol (4-23% of
total steroids) and sitosterol (5-24% of total steroids) were
found widespread and at high concentrations. Sitosterol
and stigmasterol are predominantly of terrestrial origin,
but cannot be unequivocally used as terrestrial biomarkers
as they can be synthesized by some phytoplankton
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species (VOLKMAN, 2005). Nevertheless, such high
concentrations are consistent with the abundance of
vascular plants and organic debris (VOLKMAN, 2005;
KOCH et al., 2011) in the proximity of the sampling sites,
particularly at sites 5 (Miramar) and 6 (Icoaraci).

Chlorophyll a was found in all sediment samples but that
from site 1 (Ver-o-Peso), where the lowest clay percentage
was observed. Because the sediment-water interface is
usually an active diagenetic layer, the accumulation of
chlorophylls presenting intact structures is also an indication
of a depositional environment undergoing slow organic
degradation (KILLOPS; KILLOPS, 2005). Enhanced
phytoplankton primary productivity and an increase in chl a
concentrations in tropical creeks have been associated with
sewage inputs (BURFORD et al., 2012), however in the
present case sedimentary chl a is probably derived from the
abundant surrounding terrestrial plants. High concentrations
of suspended particulate matter in the Guajara Estuary,
particularly during the rainy season may represent an
inhibiting factor for phytoplankton growth. Low significant
linear correlations were observed for the variables TOC%,
fecal steroids, chl a and phytosterols that could clarify
the relationships. As may also be seen, for instance, in
observations made in other tropical estuaries (CORDEIRO et
al., 2008; MARTINS et al., 2008), no significant correlations
between mud(%) and steroids were apparent - probably a
result of multiple organic sources and coastal processes.

Comparisons using the absolute concentrations of
steroids are not always conclusive for the evaluation of
the degree of organic contamination as differences in TOC
and grain size have effects on the adsorption, accumulation
and preservation of organic matter (GRIMALT et al.,
1990; AKHURST et al., 2011). Furthermore, the presence
of fecal matter from animals other than humans may
compromise the interpretation of the results. For instance,
substantial quantities of coprostanol in feces of birds,
herbivores and carnivores could hamper the use of steroids
as human sewage markers (LEEMING et al., 1996; SHAH
et al., 2007). Therefore a number of indexes using ratios
of coprostanol to other steroids have been proposed
to minimize the dependence of the steroid analyses on
sediment variables and also to discriminate sources of
human and non-human fecal contamination in catchment
waters and sediments (GRIMALT et al., 1990; LEEMING
etal., 1996; SHAH et al., 2007).

For highly productive areas the use of indexes involving
not only 58 and 5a stanols but also indexes with stanones
has been recommended (GRIMALT et al., 1990; MUDGE;

Gomes et al.: Sewage contamination in an Amazonian estuary

NORRIS, 1997). A combination of the indexes is presented
in Figure 3a and highlights sewage contamination,
particularly for Miramar and Icoaraci, the sites with the
lowest absolute coprostanol concentrations. Values of
[5B-coprostanone/(5p + So-cholestanone)] > 0.7 support
the indication of sewage contamination for sediments from
sites 1, 3, 4 and 5 (Tucunduba, Tamandaré, Ver-o-Peso and
Miramar), whereas values lower than 0.7 suggest mixed
organic sources for sites 2 and 6 (Porto da Palha and
Icoaraci). These latter sites, however, can also be considered
chronically or recently contaminated by sewage because
of the values of the ratio [coprostanol/epicoprostanol] >
1.0; indicating a slow rate of epimerisation of coprostanol
(MCCALLEY etal., 1981).

1.20 4
: (a)
—_— . Miramar
B 0.90 ® Tucunduba
s : .Tamandaré o
% O g.vef.o_pe” ................................ -
£ 0.60
fs’ P.Pal?\a @ Icoaraci
K3
2
& 030
oS
=~
o
w
0.00 v T T v v T \
000 200 400 6.00 800 1000 1200 14.00
coprostanol/epicoprostanol
1.60 -
b o T i | M lcoaraci (b)
& o
9 1.20 1 ] 10 s
_g ! Tucunduba
= . M PPalha
S 0.80 :
8
- R | TR
-
=3
5 0.40 4 | |
vé1 Verso-Peso Tamandaré
0.00 T T T \
0.00 0.40 0.80 1.20 1.60
stigmasterol/cholesterol
0.75 : T
° 00 s — (C)
% PPalha 00 100 200
B T T e T —
g Tucunduba
4 °
“ Icoaraci
gox : T’amandaré
2 <O Ver-o-Peso |
5 :
0.00 v v v v \
0.00 0.50 1.00 1.50 2.00 2.50
sitosterol/cholesterol

Figure 3. Sources of sedimentary steroids to the Guajara Estuary
emphasized by cross-plots (a) sewage inputs by the steroid
ratios [5B-coprostanol/(5B-coprostanol + 5Sa-cholestanone)] and
[coprostanol/epicoprostanol]; (b) contribution from vascular plants by
the ratios (stigmasterol/cholesterol) and (5a-cholestanol/cholesterol);
and (c) contribution from algae and mangrove by the ratios
(brassicasterol/cholesterol) and (sitosterol/cholesterol). Sitosterol is
the sum of sitosterol and amyrinyl.
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The study area is predominantly urbanized, as
confirmed by the State’s most recent mapping of land
use (IDESP, 2011), the activities involving livestock and
animal manures have probably not led to any considerable
interference in coastal sedimentary steroids. Furthermore,
the Tucunduba and Tamandaré channels belong to
hydrographic systems that constitute the catchment
areas of important districts whose waste treatment plants
and primary sewerage systems have not yet been fully
implemented. Site 1 (Ver-o-Peso) is located in front of
the largest Brazilian fish open market and is subject to
the constant traffic of boats that trade fishes and other
small animals, fruits, and herbs harvested on the nearby
islands or brought from the south of the State. It is
clear to the observer that part of the residues produced
at this site is discharged directly into the water, which
probably contributed to the highest concentrations of total
sterols found.

It is worth noting that the activities undertaken at Ver-
o-Peso and Porto da Palha attract a large number of birds
such as vultures and, to a lesser extent, herons, which
possibly contribute with additional inputs of cholesterol
and coprostanol as these birds are carnivores and feed on
dumped fish residues and other animal detritus. SHAH
et al. (2007) estimated that chickens, which may be taken
to provide a rough comparison as such birds do not feed
exclusively on animals detritus, contribute substantially to
the cholesterol and sitosterol of the total fecal steroids (with,
respectively, 20 and 60%). An attempt to characterize fecal
contamination in riverine systems from different sources
has been presented by PUERARI et al. (2012) based on
ternary plots using data from LEEMING and NICHOLS
(1996) and distinguishing contributions from pigs, horses
and cows. To the best of our knowledge, there are no data
regarding the fecal steroid composition of vultures and
herons that could provide a more detailed assessment of
these sources in Ver-o-Peso and Porto da Palha.

A remarkable occurrence of steroids from natural
organic sources using specific indexes is confirmed
throughout the estuary by the ratios [stigmasterol/
cholesterol] > 0.6 and [Sa-cholestanol/cholesterol] >
0.8, illustrated in Figure 3b. Both indexes emphasize the
contribution from vascular plants and are in accord with
the presence of mangrove species in the vicinities of the
sites. The indexes’ values were low only for the sediments
from site 4 (Ver-o-Peso). Steroids originating from algae
can be identified by low values of the ratio [stigmasterol/

brassicasterol], as brassicasterol appears to be common

in various phytoplankton species (VOLKMAN, 2005).
Contribution from mangroves is also reflected by the high
values of [sitosterol/cholesterol] (Figure 3c¢). Site 2 (Porto
da Palha) was the only site where the contribution from
phytoplankton was evident, whereas site 4 (Ver-o-Peso)
was observed to be the least influenced by steroid inputs
from mangroves, consistently with the results indicated by
the above ratios of stigmasterol and cholestanol.

There is a paucity of literature data regarding the
sewage contamination of Amazonian aquatic systems,
although the sanitary infrastructure problems faced by
the population of North Brazil are still considered the
worst in the country. In summary, despite the strong
hydrodynamics, coprostanol, cholesterol and coprostanone
were found in all the sediment samples of the Guajara
Estuary and indicated contamination indexes comparable
to those of highly impacted coastal areas worldwide.
Higher plant-derived steroids, including n-C30 alcohol
and B-amyrinyl alkanoates, were clearly abundant, as was
to be expected for a highly productive area, but did not
interfere in the fecal steroid analysis for the assessment of
organic contamination.
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