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The great egret (Ardea alba) as a bioindicator of trace element
contamination in the Sao Paulo Metropolitan Region, Brazil
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Abstract

To investigate great egret as a possible bioindicator of trace element contamination, the concentrations of Br, Cd, Co, Cs,
Cu, Fe, Hg, K, Mg, Mn, Na, Rb, Se and Zn were determined in livers of great egrets (Ardea alba) by the methods of
Instrumental Neutron Activation Analysis and Atomic Absorption Spectrometry. It was observed that the levels of trace
elements found in their livers may indicate contamination of the studied region. Thus, the livers of this species can be
considered as a suitable bioindicator of contamination of the aquatic systems in the Sdo Paulo Metropolitan Region.
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Introduction

Trace element contamination is a major threat to the
quality of the environment and biodiversity [1, 2]. These
elements are present into the environment through geo-
logical cycles and anthropogenic sources, such as indus-
trialization and urbanization. In general, human activities
are more relevant in deposition of contaminants in the
environment [2, 3].

In birds, trace element accumulation can be largely
affected by the contamination of the surrounding environ-
ment [4]. The increasing concentration of toxic elements in
the environment makes avifauna, which is declining in
most parts of the world, most vulnerable [5].

As some pollutants undergo biomagnification up the
food chain, their concentrations have mainly been studied
in top level predators [4, 6-9] that are considered valuable
biondicators for environmental monitoring in polluted
ecosystems [10]. Other advantages for the preference of
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birds as bioindicators are their abundance, wide distribu-
tion, long lifespan and sensitivity to anthropogenic pollu-
tion [8, 11]. Moreover, the use of wild birds as monitors of
environmental contamination offers important information
about the effects of pollutants on these animals and on the
humans as well [12, 13].

The exposure to some trace elements in birds may cause
increase of mortality in nestling and adult as well as sub-
lethal effects as bone deformities and slower growth rates
[14-16]. These effects endanger the survival and repro-
duction of birds.

Reproduction failure may be related to the fact that in
females, the transfer of toxic elements to eggs can cause
impair development and fitness of bird nestlings [1, 17, 18].
These effects constitute a major threat to the species of
higher trophic levels with greatest potential to bioaccu-
mulate [10, 19].

Concerning the study area Sao Paulo Metropolitan
Region (SPMR), its intense urbanization and industrial-
ization have resulted in the contamination of the region
aquatic systems with several chemicals (e.g., Cu, Fe, Hg,
Mn and Zn), and high concentrations of these contaminants
may be associated with the occurrence of toxic effects on
aquatic biota [20]. Consequently, there is interest in mon-
itoring the levels of these contaminants to evaluate their
effects.

Ardeids have been used as bioindicators of aquatic
environmental contamination because they are at the top of
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the food chain and tend to accumulate high concentrations
of trace elements in their tissues, reflecting environmental
conditions [21]. Besides they are geographically wide-
spread and present longevity and sensitivity to anthro-
pogenic pollution [22]. However, the levels of trace
elements in ardeids have been poorly investigated in Bra-
zil, as well as South America.

Different body tissues and organs of ardeids such as
feathers, eggs, eggshells and blood have been used to
evaluate the accumulation of contaminants [19]. The liver
is the detoxification organ and due its capacity to accu-
mulate chemicals, it allows to monitor exposure in birds
and their ecosystem to trace elements [3, 8]. However, the
low number of representative samples usually available for
each study area is small and this fact should be kept in
mind.

Great egrets can be considered residents in the SPMR,
since they live in this area for breeding, feeding, and are
not migratory birds. The accumulation of trace elements
may be high in their livers due to longer exposure to the
contaminants in the area throughout the entire year.
Therefore, great egret liver deserves to be studied to be
used as possible bioindicator of environmental contami-
nation [23, 24].

The objectives of this study were (a) to use the great
egret liver as a bioindicator to assess the trace element
contaminations in the SPMR, (b) to evaluate the risk of
exposure to contaminants found in great egret livers, (c) to
compare the trace elements levels found in male and
female livers, and (d) to contribute to the identification of
sources of main contaminants in the SPMR.

Experimental

Samples of great egret livers and their treatment
for analysis

Livers used in this study were taken mainly from wounded
birds brought to rehabilitation centers between 2006 and
2011 collected in three geographical locations of the State
of Sdo Paulo, Brazil. Figure 1 shows the location of great
egret habitats whose liver samples were analyzed.
Twenty six great egret livers from SPMR analyzed in
this study were donated during the period from 2006 to
2011 by the Veterinary Medicine and Wildlife Manage-
ment Technical Division of the Sao Paulo City (DEPAVE
3). Samples were collected under license from the Brazil-
ian Institute of Environment and Renewable Natural
Resources (IBAMA). Thirteen birds were found with bro-
ken bones caused by collisions with obstacles such as trees
or vehicles. In some cases, egrets had injuries from kite
lines. Five birds presented different diseases and for eight
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birds, uninformed cause of death. Some of the birds died
under treatment and others were euthanized, because they
were untreatable. Only one egret survived at DEPAVE 3
Center for two weeks, the other egrets died in less than
seven days.

In addition three liver samples of egrets from the
Sorocaba city and one from S@o Sebastido city were ana-
lyzed. Sorocaba city is located in the Southwest region of
the State of Sao Paulo, about 90 km from the SPMR.
Sorocaba city occupies smaller area than SPMR, but it is
the fifth largest city in economic development of the State
of Sao Paulo and is recognized by the United Nations as a
sustainable city. The liver samples from the SPMR (highly
urbanized) egrets were compared with the liver samples of
great egrets from Sorocaba city.

The samples from Sorocaba city were donated by the
municipal zoo. The egrets are not in exposition in the zoo,
rather they use the area to feed and rest and are resident in
the city [25].

Only one specimen was acquired from Sdo Sebastido
city, a seashore tourist resort, considered contaminated due
to its harbor activities. This sample was donated by the
Wild Animals Screening Center (CETAS). In Sorocaba
and Sdo Sebastido cities the number of samples analyzed
was small due to difficulties of findings the injured birds,
unable to live, as well as specialized personnel for col-
lection of the liver. The specimens of great egret were
sexed by gonadal examination [26], in their original
locations.

Livers were stored at — 20 °C after collection, until
their treatment for analysis. Each liver sample was first
cleaned by removing blood and was cut into small pieces,
using a titanium knife. Then, each sample was freeze-dried
and ground in an agate mortar to obtain a fine homogenous
powder. A weight loss of about 72% was obtained in the
drying process by freeze-drying.

Analytical procedure
Neutron activation analysis

The elements Br, Co, Cs, Cu, Fe, K, Mg, Mn, Na, Rb, Se
and Zn were determined by the comparative method of
instrumental neutron activation analysis (INAA). In this
method, samples and standards are irradiated simultane-
ously with neutrons under the same conditions. Elemental
concentrations are calculated by comparison of the activi-
ties of gamma-rays from the sample and standards [27].
The synthetic element standards were prepared by pippet-
ing 50 pL of diluted element standard solutions onto small
sheets of Whatman No. 40 filter paper using an Eppendorf
pipette. These element standard solutions containing one or
more elements were prepared using certified standard
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Fig. 1 Location of sampling sites of great egrets; Sdo Paulo Metropolitan Region, Sorocaba, and Sao Sebastiao

solutions provided by Spex Certiprep Chemicals, USA.
The filter sheets with the aliquot of standard solution were
dried at room temperature inside a desiccator and then
placed into clean polyethylene envelopes. In these stan-
dards the quantities of each element in pg (in parentheses)
were the following: Br (4.985), Co (0.1503), Cs (0.60), Cu
(240.336), Fe (360.324), K (500.05), Mg (498.95), Mn
(3.992), Na (200.2), Rb (9.99), Se (8.003) and Zn
(36.0391).

Aliquots of about 150-200 mg of each liver sample
weighed in polyethylene envelopes were irradiated toge-
ther with synthetic element standards. Long irradiations
were performed for 16 h under a thermal neutron flux of
about 2-4 x 10'* cm™? s~ ' of the IEA-R1 nuclear reactor
for determination of elements presenting half-lives longer
than 14.96 h (Br, Co, Cs, Fe, Na, Rb, Se and Zn). Three
series of measurements were carried out after 7, 15 and
20-25 days of decay times of the standards and samples
and using counting times varying from 36000 to 50000 s.
Short irradiations were used for half lives shorter than
12.4 h (Cu, K, Mg and Mn), and the irradiation time was
15 s under thermal neutron flux of 6.6 x 10" cm™2 s,
In this case, two series of measurements were carried out
for decay times of 5 and 90 min and counting times
varying from 300 to 600 s. The irradiated samples and
standards were measured by HPGe detector Model GEM

20190 coupled to a gamma spectrometer both from EG &
G Ortec. The resolution (FWHM) of the system was 1.07
for 122 keV gamma-ray peak of ’Co and 2.14 for
1332 keV gamma-ray peak of ®°Co. The gamma spectra
were acquired using MAESTRO MCA software from EG
& G Ortec and were processed using VISPECT software
developed in our laboratory by Dennis Piccot from Saclay,
France.

The radionuclides use were 3°Br, ®°Co, '**Cs, *°Fe,
24Na, 86Rb, 73Se and %°Zn (for long irradiations) and 66Cu,
2K, 27Mg and >*Mn (for short irradiations).

Atomic absorption spectrometry

The elements Cd and Hg were determined by Atomic
Absorption Spectrometry (AAS) method. Hg was deter-
mined by Cold Vapor Atomic Absorption Spectrometry
(CV AAS), using Perkin Elmer FIMS (Flow Injection
System Mercury) spectrometer, while Cd was determined
by Electrothermal Atomic Absorption Spectrometry (ET
AAS), using Perkin Elmer Analyst 800 spectrometer. Liver
samples were subjected to acid digestion. Approximately
100 mg of each sample were weighed and appropriate
standard solutions of Hg and Cd were used for the con-
struction of analytical curves. All samples were analyzed in
replicate. When the values of Relative Standard Deviation
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(RSD) of replicates were above 25%, data were not
included for statistical treatment.

Quality assurance and statistical treatment

For quality control of the results, the certified reference
materials INCT-TL-1 (Tea Leaves) [28] and NIST SRM
1577b (Bovine Liver) [29] were analyzed. We analyzed
INCT-TL-1 (Tea Leaves) since the element Cs is not cer-
tified in the NIST SRM 1577b (Bovine Liver). Cadmium
and mercury were determined by AAS in the certified
reference material NIST SRM 2976 (Mussel Tissue) [30].
Values of detection limits of elements in livers were also
obtained according to [31].

Arithmetic means and standard deviations of the liver
element concentrations were calculated. Comparisons of
the results between locations and between genders of great
egrets were evaluated using the nonparametric Mann—
Whitney U test. The significance level was set at 0.05 and
SPSS for Windows 22.0 program was used for statistical
analysis of these data. Correlations between the elements
were evaluated calculating Pearson Correlation Matrix
(r = 0.7) using Minitab 17.0 program. Results were con-
sidered as significant at p-values < 0.05 and < 0.01.

Results and discussion
Certified reference materials analyses

For accuracy evaluation, relative errors (RE) of the results
were calculated and they ranged between 0.12 and 13.3%
for elements (Table 1). The precision of results was eval-
uated calculating relative standard deviations (RSD), and
they were lower than 10% except for Na (16.4%, INCT-
TL-1 Tea Leaves [28]) (Table 1).

The RE obtained for Cd and Hg were 6.0 and 22.8%,
respectively and RSD were 3.7 and 17.0%, respectively in
the mussel reference material.

Element concentrations in livers of great egrets

Results obtained in the analyses of 30 liver samples of
adult specimens are presented in Table 2. In this table,
arithmetic means, standard deviations and the ranges of
element concentrations obtained are presented. Compar-
ison of results obtained for egrets from the SPMR and from
Sorocaba city (Mann—Whitney U test p < 0.05) are also
shown in the table. Concentrations of trace elements in
liver of egrets from Sao Sebastido were not included in the
statistical analysis for comparison since there was only one
sample.
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Values of detection limits were calculated for the egret
liver samples and these results in mg kg~' dry weight,
were the following: Br (0.14), Co (0.01), Cs (0.02), Cu
(8.6), Fe (8), K (40), Mg (160), Mn (0.47), Na (13), Rb
(0.37), Se (0.26), Zn (0.35), and in pg kg_l dry weight Cd
(0.72) and Hg (6.1).

The elements found in livers are ubiquitous since they
were determined in all samples, or in most of them for the
three studied areas. Cu was found frequently in concen-
tration lower than its detection limits.

In general, high concentrations of elements K, Na and
Mg, associated with natural origin [19], were measured in
egret livers. Besides, high concentrations of Fe and Zn
were also found and Cu in some samples. These elements
are essential, with many important biological functions,
however they may also become toxic if excessively high
concentrations are accumulated in tissues [8, 32].

The ranges of trace element concentrations measured in
livers from SPMR egrets indicated variability between the
individuals. Several physiological and biological processes,
such as feeding habits, gender, growth or age, reproduction
and molting [4, 17, 22, 33], may influence these variations
observed for toxic elements and essential elements. On the
other hand, these element concentration differences may be
associated with the levels of contaminations throughout the
habitats of great egrets [10, 34]. The fact that some egrets
have exhibited concentrations of Cd, Cs, Cu, Fe, Hg and Zn
markedly higher than their mean levels may indicate con-
tamination of these individuals and consequently of their
habitats [3].

Differences between the element concentrations
results obtained for egrets from the SPMR
and Sorocaba city

Although the small number of samples for egrets from
Sorocaba city, comparisons between the results obtained in
this city and those obtained in the SPMR were made. The
Mann—Whitney U test showed significant differences only
for Cs (p = 0.0037) (Table 2), with higher levels at the
SPMR. Although this difference, it is not possible to infer
that great egret suffer contamination by Cs in the SPMR
because very little is known about Cs in birds. Also, little
information is available for comparison of other trace
elements in livers of great egrets, apart from the toxic
elements Hg and Cd and the essential element Se.
Although the differences between the two areas were not
very expressive, the present study can provide baseline data
on the elemental levels in this species.
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Table 1 Mean concentrations of elements obtained in the analysis of certified reference materials NIST 1577b Bovine Liver and INCT-TL-1 Tea

1

Leaves (in mg kg™ unless indicated)

Element NIST 1577b Bovine liver INCT-TL-1 Tea leaves

Values of the  This study Values of the certificate  This study

certificate " 5 - N 5 "

Mean =+ SD (n) RSD®, % RES, % Mean £ SD (n) RSD®, % RES, %

Br 9.7¢ 9.6 &£ 0.7 (13) 7.0 - 123 £ 1.0 12.6 £ 1.2 (16) 9.2 2.4
Co 0.25¢ 0.25 +£0.02 (3) 8.0 - 0.387 + 0.042 0.39 £+ 0.03 (16) 7.7 0
Cu 160 £+ 8 173.6 £ 13.9 (13) 8.0 8.5 204 £ 15 - - -
Cs - - - 3.61 £ 0.37 3.60 £ 0.22 (14) 6.0 0.3
Fe 184 £ 15 186.5 £ 10 (17) 55 3.6 4324 470.6 £ 27.6 (11) 6.0 -
K (%) 0.994 4+ 0.002 1.02 £ 0.09 (8) 9.0 3.0 - - - -
Mg 601 + 28 638.8 = 38.2 (4) 6.0 6.3 (0.224 + 0.07) x 10~* - -
Mn 10.5 £ 1.7 11.0 £ 04 (4) 3.6 4.8 1570 £ 110 - - -
Na 2420 £ 60 2250 + 230 (15) 6.5 5.0 247 £32 27.9 £ 4.6 (15) 16.4 13.3
Rb 13.7 £ 1.1 13.01 £ 0.85 (17) 6.5 5.0 81.5 £ 6.5 81.4 £ 6.5 (15) 53 0.12
Se 0.73 £ 0.06 0.76 £ 0.079 (16) 9.2 4.0 0.076¢ - - -
Zn 127 £ 16 121.2 £ 109 (15) 9.0 4.6 347 £ 2.7 37.0 £ 3.0 (17) 8.0 6.6

?Arithmetic mean and standard deviation; n indicates number of determinations

PRelative standard deviation
“Relative error

Ynformative values

Relevancy of concentration and potential effects

To understand about the SPMR exposure and the potential
effects of trace elements on egrets, concentrations of trace
elements in livers of great egret from the SPMR were
compared with levels in livers of the ardeids from others
geographical areas and level indicative of poisoning and
toxicological thresholds that can affect wild birds. How-
ever, it is difficult to assess the contaminants effects in the
SPMR on great egrets, because sensitivity to contaminants
may differ among species and populations [31, 35], and
toxicological thresholds have not yet been established for
several ardeid species [35]. There are few published data
on the element levels in the livers of ardeid species. Most
published data are for feathers and eggs. The reported data
for livers of ardeids species used for comparison are pre-
sented in Table 3.

Essential elements

Concentration data of the essential elements K and Na in
livers of ardeids were not found in the literature for com-
parison with our results. The obtained range of Mg con-
centrations is lower than that published for grey herons
from Hodaka, in Japan [10] and they are higher than the
reported values for grey heron fron East Poland [8]. Little
is known about the Mg level in birds, however it is an

essential element that can be toxic at high levels [36]. For
Br, no published data for livers from ardeids were found in
the literature. Br is considered an essential element, but it is
still unknown whether it has functions on living organisms
[37].

The mean concentrations found for Co in livers deter-
mined in the current study are higher than the ones for grey
herons from Japan [10]. Cobalt is normally present in
vitamin B12. Although essential, its body burden is low
[26]. As Cd and Hg, it is considered as immunosuppressive
chemical [6].

The mean Cu concentrations determined in livers of
great egret were lower than the ones reported for livers of
egrets from Japan [10] and in little egrets from Tamil Nadu
in India. However, they are higher than the reported values
for ardeids from Poland [40], cattle egrets and pond herons
from India [38], Ardea alba modesta from Korea [33],
Butorides striatus from Argentina [14] and grey heron from
East Poland [8]. Furthermore, high Cu concentrations were
determined (190 £ 12, 196 &+ 14 and 209 &+ 4 mg kgfl,
dry basis) in three specimens, which may be lethal for other
wetland birds, according to [40].

The mean Fe concentrations in the livers obtained in this
study were higher than the ones obtained for grey herons
from Hodaka, Japan [10], and Ardea alba modesta from
Korea [33]. Some individuals exhibited concentrations of
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Table 2 Concentrations of trace elements in livers of great egrets

Element SPMR Sorocaba Sdo Sebastido Differences between
Mean + SD?* (n)b Mean £+ SD (n) Mean =+ SD (n) SPMR and Sorocaba
Range Range - (p < 0.05)*

Br 40.68 £ 24.48 (26) 22.33 £ 13.47 (3) 31.8 £ 29 (1) NS
7.29-107.8 16-37.88 -

Cd 0.480 £ 0.837 (23) 0.233 £+ 0.063 (3) 0.322 £ 0.015 (1) NS
ND-4.04 ND-0.233 -

Co 0.186 £ 0.184 (26) 0.1387 4+ 0.044 (3) 0.136 £ 0.007 (1) NS
0.035-0.412 0.110-0.190 -

Cs 0.198 + 0.182 (26) 0.0587 + 0.017 (3) 0.074 £ 0.005 (1) 0.037
0.013-0.964 0.047-0.079 -

Cu 77.0 £+ 68.6 (15) 23.40 £+ 0.04 (3) ND NS
ND-209 20.40-28.0

Fe 3561 £ 2125 (26) 1431 £+ 623 (3) 1763 + 52 (1) NS
498-7910 940-2132 -

Hg 2.20 £ 2.37 (25) 0.545 £+ 0.386 (3) 220 £ 0.21 (1) NS
ND-11.83 0.117-0.865 -

K (%) 1.01 &+ 0.37 (20) 0.89 £ 0.06 (3) 1.03 = 1.0 (1) NS
ND-1.91 0.830-0.940 -

Mg 537 £ 175 (20) 516.3 £ 64.3 (3) 663 £ 47 (1) NS
ND-1162 444-567 -

Mn 10.02 £ 4.23 (20) 10.62 £+ 0.93 (3) 10.83 £ 0.63 (1) NS
ND-18.11 9.70-11.57 -

Na 4498 + 1160 (26) 3883 + 1030 (3) 3340 £ 295 (1) NS
2958.7-7049.8 3213-5069 -

Rb 39.32 + 15.30 (26) 33.93 £ 1.75 (3) 8.48 + 0.44 (1) NS
13.5-86.7 32-354 -

Se 4.17 £ 1.90 (26) 2.92 + 1.479 (3) 8.42 +0.22 (1) NS
1.65-10.03 1.72-4.57 -

Zn 243.6 £ 112.9 (26) 135.9 £+ 26.8 (3) 186.7 £ 6.8 (1) NS
42-489 117-166.6 -

Results in mg kg~* dry weight, unless otherwise indicated and Mann—Whitney U test comparisons of the trace element concentrations in great

egret livers from SPMR and Sorocaba

ND not detected, NS non-significant, SD standard deviation, n = number of samples

p values < 0.05 are considered statistically significant

Fe that are markedly higher than levels for contaminated
areas of mallards (5917.0 mg kg_l) [41].

These obtained high levels of Fe can be attributed to the
erosion caused by intense rains and the decrease of riparian
vegetation. Fe present in the soil from the SPMR can be
carried to the water bodies, and levels of Fe in these
environments are not in accordance with Brazilian legis-
lation [20]. The results presented here seem to confirm this
problem.

The mean Mn concentrations in livers of great egrets
from the SPMR were of the same order of magnitude of
egrets from Japan, which is considered high [10] and grey
heron fron East Poland [8]. They are higher than the results
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for ardeids from Poland [40]. However, the concentrations
are lower than Ardea alba modesta, from Korea [33].
According to [41], birds are good indicators of contami-
nation by Mn. Despite this fact, it is an essential element,
its presence in tissues of birds is not high. It is known that
Mn reduces growth and disrupts behavior, such as pecking
and feeding, balance, and thermoregulation in birds [7].
However, potential effects of Mn on ardeids are not known
[19].

The Se concentrations found in this study were lower
than the ones published for egrets from Japan [10]. Our
several data for Se are within the range of concentrations of
Se obtained for specimens of grey heron, in
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Nottinghamshire, UK. Nevertheless the range for Se con-
centrations in the present study was considered normal for
livers of birds [16]. Concentration of Se higher than
10 mg kg~' dry weight, which may cause reproductive
impairments, were detected in one great egret specimen
[8].

Zn concentrations found in this study are somewhat
higher than those reported from egrets from Haneda and
Hodaka, both regions of Japan [10], ardeids from Poland
[40], grey heron from East Poland [8] and Butorides
striatus from Argentina [14] and waterfowls of uncon-
taminated sites [42]. Zn concentration on wet basis repor-
ted here are also higher than those for herons from India
[38]. In the present study, Zn concentrations of 39% of
these specimens were similar to Zn poisoning level for wild
birds (280-2900 mg kg~' dry basis) reported by [2, 8].

Fish consumption, accompanied by a relatively high
body mass, may favor the hepatic accumulation of Zn and
also Cu in liver of great egrets [8]. Despite important
biochemical functions of Zn, severe degenerative abnor-
malities in the pancreas associated with high concentra-
tions this element in livers, kidneys and blood were
demonstrated in birds from Oklahoma, Kansas and Mis-
souri states, USA [42].

High levels of Zn found in this study may probably be
associated with increased environmental contamination by
this element in the SPMR, in recent years. Moreover, high
Zn concentrations interfere with the absorption of Cd,
acting as a possible protection against Cd high toxicity
[43]. Yet, our results for Cd could not show this relation-
ship since no correlation between these two elements was
verified.

Toxic elements

According to [19] toxic elements are important factors in
the formation of free radicals that cause oxidative stress,
inhibiting the DNA damage repair that may cause high
rates of mutations in birds.

The results obtained for Cd in this study are within the
natural background in livers of birds (< 3 mg kg™' dry
basis), [8, 35], except for a sample that presented the
concentration of 4.04 & 0.28 mg kg~ dry basis. For the
found Cd levels we can conclude that there is no threat of
this element to physiological processes of great egrets from
the SPMR.

Our results of Hg in livers of great egrets are of the same
magnitude to those reported for great egrets and interme-
diate egrets from Haneda, Japan [10], but they are higher
than the observed ones to grey heron too from Haneda,
Japan, and they are lower than those found in grey heron
from Hodaka in Japan [10], grey heron from East Poland
[8] and Butorides striatus from Argentina [14].

@ Springer

Hg levels in livers reported in the current study were
lower than the estimated threshold (6 mg kg~ wet weight)
that were correlated with mortality from chronic diseases in
livers of great white herons (Ardea herodius ocidentalis)
[44]. Nevertheless, sublethal effects are likely to occur at
concentrations far lower than those at which pathological
effects become pronounced [45]. Therefore, it is important
to reevaluate the risks to bird populations at low level Hg
exposures [6].

Moreover, only the analysis of the Hg content is not
sufficient to evaluate its effect, since lethal and sub-lethal
effects of Hg is Se concentration dependent. Adult snowy
egrets which contained high total mercury (THg) concen-
trations in their livers (geometric mean 43.7 ug g~ ' wet
weight) showed an apparent tolerance to these concentra-
tions due in part to sequestration of the inorganic mercury
by selenium [46]. In this study, a strong positive correlation
between Hg and Se (r = 0.636, p < 0.05) was established
and it may be associated to the important function of Se for
Hg detoxification.

Overall, the trace elements levels in livers of great egrets
were similar or higher than level reported from other
geographic areas. This suggests that trace elements con-
tamination in the SPMR is at least as high, or is higher than
in ardeids from other countries. This study also clearly
showed that some great egrets are in the range of con-
centrations of Cu and Zn associated with poisoning levels
in wild birds.

Other elements: Cs and Rb

The mean concentrations of Rb and Cs obtained in the
present study showed similar for Rb and lower for Cs when
compared with results obtained for grey herons from
Hodaka, in Japan [10].

Comparative study of element levels found
in the livers from specimens of different genders

In this study, livers from 12 males and 12 females great
egrets were analyzed and their mean element concentra-
tions were compared (Table 4). Concentrations for Br, Co,
Cs, Rb, Se and Zn differed significantly between males and
females. Females had lower concentrations than males.
These findings may be related to physiological differences,
since the ability to remove chemical elements may vary
between genders. Females can transfer elements to eggs
[1, 17] thus, they tend to present lower levels of elements in
their tissues. This is considered an effective process to
maintain low levels of contaminants in the body of female
egrets [1]. However, these differences may even be asso-
ciated with ecological factors, such as diet, which can vary
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Table 4 Concentrations of trace elements (mean values and standard
deviation (SD) in mg kg_l dry weight) in livers of male and female

great egrets

Element Male Female

Mean £+ SD Mean + SD
Br 53.6 £ 272 28.7 £+ 18.0%
Cd 0.452 £+ 0.476 0.264 + 0.262
Co 0.155 £+ 0.038 0.133 & 0.094*
Cs 0.276 £+ 0.233 0.116 &+ 0.077*
Cu 92.8 £ 75.2 61.5 + 66.6
Fe 3864.4 + 2046.5 3034.7 £+ 2180.6
Hg 3.06 £ 3.07 1.38 &+ 1.49
K (%) 1.04 £ 0.24 0.98 + 0.45
Mg 503 + 102 588 + 217
Mn 12.0 + 3.8 84 £4.0
Na 4663 £+ 1136 4372 + 1314
Rb 47 £ 16 30.8 + 12.0°
Se 5.0+22 3.04 + 0.87*
Zn 310 £ 91 181 £ 104*

“Indicates that element showed significant concentration differences
using nonparametric Mann—Whitney U test (p < 0.05)

between genders because male and female birds may feed
in different habitats and eat different foods [17, 26].

The differences of Se concentrations presented here are
of primary concern. Se contamination is a serious problem
for bird populations in various parts of the world due to the
effect of mortality and failure in reproduction. The exces-
sive concentration of Se can produces toxic and teratogenic
effects on embryos, resulting in malformations and
increased mortality [47]. Besides, the results are consistent
with previous studies [34, 48], in which female great egrets
from the SPMR also presented lower Se levels than those
of males. This suggests that Se levels in livers of great
egrets from the SPMR are of great concern and require a
thorough study.

Correlation between element concentrations

The evaluation of the correlation between element con-
centrations is of interest since the elements may present
synergism or antagonism from one to another that can
cause effects on their concentrations [8, 26].

Moreover, correlation coefficients among element con-
centrations increase with the contamination levels and also
indicate that the birds have accumulated the correlating
elements from the same source [19, 49].

In the current study, the results of Pearson correlation
analysis (r = 7, p < 0.01 and p < 0.05) indicated positive
correlations between the elements Cd and Se, Hg and Se,

Cd and Cu, Hg and Mn, Hg and Zn, and Mn and Zn as
presented in Table 5.

Selenium and zinc are known as elements that have the
propriety of reducing toxic effects of Cd and Hg
[10, 22, 46]. Therefore, the elevated levels of Cd and Hg
lead to the increase of Se and Zn levels, as a protection
mechanism. The incidence of high concentrations of sele-
nium in the soil is reported in several parts of the world.
However, in regions of the Sdo Paulo State, selenium
shortage in grasses is related to deficiency in soil [50].
Further studies are required to investigate if there are
sources of input of Se in the SPMR.

Significantly positive correlations among Cd—Cu, Fe—
Zn, Hg-Mn, Hg-Zn and Mn—Zn found in this study may
indicate similar sources of input of these metals according
to [19]. Probably these elements derived mainly from
anthropogenic sources, since their levels have increased in
urban areas, caused by human activities [42]. According to
[51], in the SPMR there is the discharge of untreated
industrial and domestic effluents, that release Zn, Cd and
Hg. Cu concentrations are high in water bodies which
supply cities (Guarapiranga and Rio Grande Reservoirs),
due to the use of Cu compounds (copper sulfate) for con-
trolling algae growth [20]. Mn is emitted into environment
through the combustion of fossil fuels, which is one of the
main anthropogenic activities [10]. Besides, soil erosion in
the study area can also contribute to the Mn contamination
of aquatic environments, apart from Fe [20].

The results of the present study are consistent with a
number of studies reporting the input of Cd, Cu, Hg, Mn
and Zn from similar sources and their sources can be
mainly related anthropogenic inputs [19, 42], and it rein-
forces the idea that high concentrations of several trace
elements reflected in the livers of great egret can be due to
local environmental exposure.

Although little is known about the elements Cs and Rb
in bird tissues, these two elements may act as nutritional
substitutes for K [4]. However, in this study no correlation
was observed between these two elements. At present, no
satisfactory interpretation was found to explain the corre-
lations between Br, Cs, K, Na, and Rb and other trace
elements (Table 5).

Conclusions

The results obtained in this study, as well as the compar-
ison with literature data indicated that concentrations of
some trace elements (mainly Co, Cs, Cu, Fe, Mn and Zn)
were high in the livers of great egrets from the SPMR as
expected. As great egrets are residents and top predators of
the local aquatics food chain, these levels can reflect
environmental conditions and the livers of this species can
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be a suitable bioindicator of contamination of the aquatic
systems in the SPMR.

Although Cd, Hg and Se levels in the livers of great
egrets were within the known background level for wild
birds, Zn and Cu poisoning indicative levels were detected
in livers specimens from the SPMR.

Female egrets presented lower concentrations of Br, Co,
Cs, Rb, Se and Zn than males, probably due to physio-
logical and ecological differences.

Correlations among Cd, Cu, Fe, Hg, Mn and Zn found in
this study may indicate similar sources of input of these
elements in the region, mainly from several anthropogenic
sources. These results also suggest that high concentrations
of several trace elements in great egret livers may be due
local exposure.
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