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ABSTRACT
Biochemical changes as reliable Environmental biomarker have been investigated seasonally from Spring 2011 to Winter
2012 in gills and digestive glands of some Molluscs (Viviparus bengalensis & Corbicula fluminea ) from two site in Al-
Hilla river, the results showed the highest SOD value (5.7, 4.7 U/mg) in gills and ( 8.16,6.9 U/mg) in digestive gland
during summer2011, Catalase activity for both species (16.6, 22.8 U/mg), (34.1, 32.2 U/mg) in gills& digestive gland
respectively, Glutathione peroxidase (GPX) value (12.4,10.8 U/mg)  (13.1, 14.4 U/mg) in gills& digestive gland for both
species respectively, LPx values in snail & Clam as indication of Malondialdehyde (MDA) have value  (5.5,6.13
nmol/mg), (5.3,7.8 nmol/mg) in gills& digestive gland respectively , according to Canonical correspondence Analysis ,
close correlations appeared between previous biomarkers , Environmental parameters , and heavy metals.
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INTRODUCTION
The increase in pollution of the aquatic environment by
heavy metals has focused attention on the behavior of
these elements in the ecosystems and their impact on
living beings. Biochemical markers can be defined as any
biochemical changes which are produced according   to
environmental stress or a xenobiotically- induced variation
in cellular or biochemical components or processes that is
measurable in a biological system or sample (Benford et
al., 2000). The use of biomarkers is a trust approach in the
assessment of ecosystem purity and increasing the
possibility for the detection of early biological changes
(Domouhtsidou et al., 2004). Oxidative stress can be
defined as a disruption in homeostasis of free radicals and
reactive oxygen Species, (Livingstone, 2001). SOD are
group of metalloenzymes that play a crucial antioxidant
role and constitute a defense system against natural and
anthropogenic pollutants, catalase has one of the highest
turnover numbers of all enzymes; one catalase molecule
can convert millions of molecules of hydrogen peroxide to
water and oxygen on each second, Glutathione peroxidase
(GPx) is a family of peroxidase enzymes that reduce lipid
hydroperoxides to their corresponding alcohols and reduce
free hydrogen peroxide to water, while Lipid
perioxidation(LPO) is a self-propagation sequences of
chemical reactions which happened in the bulk phase of
lipid bilayers and consist of four phases (Initiation,
propagation, decomposition, termination) (Conners, 2004,
McGevin, 2011, Nadji et al., 2010, Sahan et al., 2010) ,
Biomarkers are beneficial for providing biological
information regarding the health status of the organisms. A
battery of biochemical parameters was used by (Narbonne
et al., 1999) to evaluate the response of mussels to a
contaminated environment, Contamination levels were
estimated by measurement of heavy metals, and Oxidative
stress as a consequence of heavy metals impact was

detected by (Torres et al., 2002)  when they found there
were strong correlations between antioxidants with Cu and
Pb contents with increasing in the activities of catalase and
glutathione peroxidase at the polluted sites of study area.

MATERIAL AND METHODS
Samples were collected seasonally from two sites from
March 2011 to January 2012 to measure the
physicochemical parameters and heavy metals by using
clean polyethylene bottle (5L) with three replicates. Snail
and clam samples were collected by using plastic bag and
when brought to laboratory, they were washed with tap
water and Distilled water to remove any residue to make
direct and suitable analyses,  ( Sturgeon et al., 1982), (
Otchere, 2003) methods were used to extract and
determine heavy metals in Molluscs. Total superoxide
dismutase activities was measured by Pyrogallol auto-
oxidation according to (Marklund &Marklund, 1974),
Briefly , Molluscs's tissue was homogenized by using
Pestle motor Mixer provided by Argos Technologies (U.S)
Cat.No.A0001  in 50 mM Potassium Phosphate buffer (pH
7.0) and, centrifuge (14000 r.p.m, 4°C, 5 min.),
supernatant have been taken and processed according to
procedure. This assay was done according to method
described by (Clariborn, 1985 and Aebi, 1972), Molluscs's
tissue was homogenized in 50 mM Potassium Phosphate
buffer (pH 7.0), added 20 µl SDS (5%) to 100 µl
(subsample), centrifuge (14000 r.p.m, 4°C, 5 min.),
Samples absorbency were monitored
spectrophotometrically at 240nm every 30 s for a total of
120 s and activities were expressed as umoleH202
consumed per min per mg protein. LPX was estimated by
the Thiobarbituric acid assay according to (Aust, 1985 and
Burtis, 1999), the absorption was read at the wavelength of
532 nm against blank. Results were expressed as (nmol/g
protein).
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Statistical Analysis
SPSS 17.0 programs used for least significance differences
(LSD ≤ 0.05), Analysis of variance test (ANOVA)
between sites and different parameters.

RESULTS
Seasonal variations of antioxidants in Molluscs Sp. (gills
& digestive gland) Biochemical markers in Molluscs gills
and digestive gland represented by antioxidants revealed
seasonal variation as response for heavy metals stress, for

snail Sp. & Clam Sp.the highest SOD value (5.7, 4.7
U/mg) in gills and ( 8.16,6.9 U/mg) in d.g during summer,
Catalase activity for both species (16.6, 22.8 U/mg), (34.1,
32.2 U/mg) in gills& digestive gland respectively, GPX
value (12.4,10.8 U/mg)  (13.1, 14.4 U/mg) in gills&
digestive gland for both species respectively, LPx values
in snail Sp.& Clam Sp. as indication of MDA have value
(5.5,6.13 nmol/mg), (5.3,7.8 nmol/mg) in gills& digestive
gland respectively(Table 1 &Table 2) and Figure 1&2.

TABLE 1: Seasonal variations of Antioxidant enzymes concentrations in Snail Viviaparus bengalenis (Lamarck, 1822)
[gills &digestive gland (d.g.)] in site 1 & site 2 of study area (Mean ± S.D).

p≤0.05
TABLE 2. Seasonal variations of Antioxidant enzymes concentrations in Clam Sp. Corbicula fluminea (Müller, 1774)[gills

&digestive gland( d.g.)] in site 1 & site 2 of study area (Mean ± S.D).

p≤0.05

S.2S.1Sites
ControlWint.Aut.Sum.SP.Wint.Aut.Sum.SP.Enzy.Conc.
1.5±0.0012.1±0.0012.2±0.013.3±0.01.22±0.012.24±0.011.6±0.0114.7±0.022.1±0.001SOD (U/mg) gill
2.1±0.0013.9±0.012.8±0.0155.97±0.014.05±0.0014.6±0.022.92±0.018.16±0.014.8±0.0001SOD(U/mg) d.g.
10.3±0.0613.5±0.00111.4±0.116.1±0.00513.6±0.1015.1±0.00115.6±0.01516.6±0.00111.5±0.10Catalase(U/mg)gill
19.6±0.0528.5±0.128.1±0.00134.1±0.0632.3±0.00126.3±0.124.9±0.00132.1±0.0528.2±0.1Catalase (U/mg) d.g.
5.9±0.00112.4±0.00110.7±0.16.9±0.00110.5±0.10010.8±0.19.3±0.110.3±0.18.1±0.001GPX.(U/mg) gill
9.8±0.113.1±0.00112.6±0.113.8±0.0611.6±0.01012.03±0.0048.6±0.4310.9±0.00112.1±0.000GPX.(U/mg) d.g
1.9±0.0012.2±0.103.7±0.0015.5±0.103.6±0.0603.8±0.0012.9±0.0014.5±0.12.2±0.001LPX.  nmol/mg) gill
2.5±0.102.7±0.0014.8±0.0015.3±0.104.4±0.0012.9±0.0012.4±0.064.7±0.124.8±0.06LPX. (nmol/mg)

d.g.

S.2S.1Sites
ControlWint.Aut.Sum.SP.Wint.Aut.Sum.SP.Enzy.Conc.
2.1±0.00012.4±0.012.9±0.015.7±0.13.1±0.0011.3±0.011.6±0.013.1±0.0012.9±0.01SOD (U/mg) gill
3.5±0.13.6±0.013.9±0.016.9±0.014.9±0.0012.8±0.012.9±0.014.8±0.013.8±0.01SOD (U/mg) d.g.
11.6±0.115.2±0.00121.03±0.00122.8±0.120.3±0.00110.8±0.0112.9±0.00117.11±0.00117.8±0.1Catalase

(U/mg)gill
20.3±0.126.1±0.00128.5±0.1032.2±0.131.7±0.123.2±0.1022.1±0.00126.7±0.226.3±0.1Catalase

(U/mg) d.g.
6.1±0.17.2±0.16.8±0.110.1±0.00110.8±0.18.4±0.106.5±0.17.9±0.00110.8±0.1GPX.

(U/mg) gill
11.9±0.00112.6±0.1014.4±0.113.7±0.214.1±0.0612.1±0.00112.2±0.00112.8±0.112.4±0.001GPX.

(U/mg) d.g
1.6±0.21.8±0.061.7±0.014.4±0.13.8±0.12.3±0.0012.6±1.016.13±0.063.8±0.1LPX.

(nmol/mg) gill
3.9±0.0016.7±0.14.2±0.17.7±0.0015.3±0.066.5±0.16.5±0.067.8±0.0014.5±0.1LPX.

(nmol/mg) d.g.

Figure1: seasonal variations of antioxidants in snail
Sp. for site 1 & site 2 of study area in gill&digestive

gland.
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�a�m�o�n�g� �o�t�h�e�r� �d�e�f�e�n�s�e� �m�e�c�h�a�n�i�s�m� �h�a�v�e� �v�i�t�a�l� �r�o�l�e� �i�n
�p�r�e�v�e�n�t�i�n�g� �c�e�l�l�u�l�a�r� �d�a�m�a�g�e� �t�o� �c�e�l�l�u�l�a�r� �c�o�n�s�t�i�t�u�e�n�t�s� �(�O�r�b�e�a
�e�t�a�l�.�,� �2�0�0�2�)�,� �T�h�e� �s�e�a�s�o�n�a�l� �v�a�r�i�a�t�i�o�n� �o�f� �a�n�t�i�o�x�i�d�a�n�t�s� �i�n� �t�h�i�s
�s�t�u�d�y� �(�F�i�g�u�r�e� �1�&�2�)� �c�o�i�n�c�i�d�e�d� �w�i�t�h� �m�a�n�y� �s�t�u�d�i�e�s� �s�u�c�h� �a�s

�(�R�e�g�o�l�i�& �p�r�i�n�c�i�p�a�t�o�,� �1�9�9�5�)� �a�n�d� �t�h�e� �i�n�c�r�e�a�s�i�n�g� �o�f
�a�n�t�i�o�x�i�d�a�n�t�s� �w�i�t�h� �h�i�g�h�e�s�t� �v�a�l�u�e�s� �i�n� �s�u�m�m�e�r� �d�u�e� �t�o� �t�h�e
�p�r�o�d�u�c�t�i�o�n� �o�f� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s� �h�a�s� �b�e�e�n� �l�i�n�k�e�d� �t�o
�t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�a�s�e�.� �T�h�e� �P�o�s�s�i�b�l�e� �r�e�a�s�o�n� �f�o�r� �d�e�c�r�e�a�s�i�n�g
�i�n� �a�n�t�i�o�x�i�d�a�n�t� �e�n�z�y�m�e�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�s� �i�n�d�i�c�a�t�e�d� �d�u�r�i�n�g
�s�t�u�d�y� �p�e�r�i�o�d� �w�a�s� �r�e�t�u�r�n�e�d� �t�o� �n�e�g�a�t�i�v�e� �f�e�e�d�b�a�c�k
�m�e�c�h�a�n�i�s�m� �,� �l�o�w� �i�n�t�e�r�n�a�l� �p�o�l�l�u�t�a�n�t�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �,� �l�o�w
�m�e�t�a�b�o�l�i�c� �g�e�n�e�r�a�t�i�o�n� �o�f� �R�O�S� �(�r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s�)� �,
�a�n�d� �e�n�z�y�m�e� �d�a�m�a�g�e� �o�r� �d�e�s�t�r�u�c�t�i�o�n� �f�r�o�m� �a�p�o�p�t�o�t�i�c� �o�r
�n�e�c�r�o�t�i�c� �c�e�l�l� �d�e�a�t�h� �a�n�d� �t�i�s�s�u�e� �a�t�r�o�p�h�y�(�C�o�n�n�e�r�s�,� �2�0�0�4�)�.
�I�n�c�r�e�a�s�e�d� �i�n�t�r�a�c�e�l�l�u�l�a�r� �R�O�S�(�r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s�)
�a�c�t�i�v�i�t�i�e�s� �d�u�e� �t�o� �h�e�a�v�y� �m�e�t�a�l� �c�o�n�t�a�m�i�n�a�t�i�o�n� �l�e�a�d�s� �t�o
�d�e�c�r�e�a�s�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �S�O�D�(�O�l�a�k�o�l�u�e�t�a�l�.�,� �2�0�1�2�)� �a�n�d
�a�c�t�i�v�i�t�y� �o�f� �S�O�D� �i�n� �t�h�i�s� �s�t�u�d�y� �b�e�c�a�u�s�e� �i�t�'�s� �f�i�r�s�t� �l�i�n�e� �d�e�f�e�n�s�e
�a�g�a�i�n�s�t� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s�a�n�d� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �s�c�a�v�e�n�g�e� �R�O�S
�a�n�d� �p�r�e�s�e�r�v�e� �t�h�e� �r�e�d�o�x� �b�a�l�a�n�c�e�(�F�a�n�g�e�t�a�l�.�,� �2�0�1�2�)�.� �T�h�e
�l�o�w�e�s�t� �v�a�l�u�e� �o�f� �a�n�t�i�o�x�i�d�a�n�t�s� �a�n�d� �o�t�h�e�r� �b�i�o�c�h�e�m�i�c�a�l
�m�a�r�k�e�r�s� �i�n� �w�i�n�t�e�r� �t�h�r�o�u�g�h� �s�t�u�d�y� �p�e�r�i�o�d� �a�r�e� �c�o�i�n�c�i�d�e�d� �w�i�t�h
�m�a�n�y� �s�t�u�d�i�e�d� �s�u�c�h� �a�s� �s�t�u�d�y� �o�f� � �(� �D�s�p�o�t�o�v�i�c 2�e�t�a�l�.�,�2�0�1�2�)
�w�h�e�n� �t�h�e�y� �r�e�c�o�r�d�e�d� �t�h�a�t� �t�h�e� �l�o�w�e�s�t� �v�a�l�u�e�s� �o�f� �G�S�H� �c�o�n�t�e�n�t
�i�n� �t�h�e� �d�i�g�e�s�t�i�v�e� �g�l�a�n�d� �o�f� �t�h�e� �m�u�s�s�e�l�M�y�t�i�l�u�s
�g�a�l�l�o�p�r�o�v�i�n�c�i�a�l�i�s�i�n� �w�i�n�t�e�r�,� �w�h�e�n� �t�h�e�r�e� �i�s� �l�e�s�s� �f�o�o�d� �a�n�d� �t�h�e
�g�o�n�a�d�s� �a�r�e� �i�n� �a� �s�t�a�t�e� �o�f� �r�e�s�t� �w�h�i�l�e� �i�n�c�r�e�a�s�i�n�g� �o�f
�a�n�t�i�o�x�i�d�a�n�t�s� �a�c�t�i�v�i�t�y� �c�o�u�l�d� �r�a�t�h�e�r� �b�e� �r�e�l�a�t�e�d� �t�o� �a� �h�i�g�h�e�r
�m�e�t�a�b�o�l�i�c� �a�c�t�i�v�i�t�y� �o�f� �o�r�g�a�n�i�s�m� �d�u�r�i�n�g� �t�h�e� �w�a�r�m�e�r� �s�e�a�s�o�n
�(�V�i�d�a�l�e�t �a�l�.�,� �2�0�0�2�)�.�,� �t�h�e� �i�n�c�r�e�a�s�e�d� �o�f� �a�n�t�i�o�x�i�d�a�n�t�s
�c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �t�h�i�s� �s�t�u�d�y� �a�s� �s�h�o�w�n� �i�n� �r�e�s�u�l�t�s� �a�r�e
�p�r�o�b�a�b�l�y� �t�e�m�p�o�r�a�r�i�l�y� �c�o�r�r�e�l�a�t�e�d� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �m�e�t�a�b�o�l�i�c
�a�c�t�i�v�i�t�y� �a�s� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �s�e�a�s�o�n�a�l� �t�e�m�p�e�r�a�t�u�r�e
�e�l�e�v�a�t�i�o�n�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �r�e�p�r�o�d�u�c�t�i�v�e� �c�y�c�l�e� �(�F�i�l�h�o�e�t�a�l�.�,
�2�0�0�1�)�.

�C�O�N�C�L�U�S�I�O�N
�W�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �S�e�a�s�o�n�s� �h�a�v�e� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n
�d�i�f�f�e�r�e�n�t� �b�i�o�m�a�r�k�e�r� �r�e�s�p�o�n�s�e�s� �a�g�a�i�n�s�t� �h�e�a�v�y� �m�e�t�a�l�s�,� �a�n�d
�I�n�c�r�e�a�s�i�n�g� �a�n�d� �d�e�c�r�e�a�s�i�n�g� �o�f� �b�i�o�m�a�r�k�e�r�s� �i�n� �t�h�i�s� �s�t�u�d�y� �d�u�e
�t�o� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �i�n�d�u�c�e�d� �b�y� �p�o�l�l�u�t�a�n�t�s� �w�h�i�c�h� �l�e�a�d� �t�o
�i�n�c�r�e�a�s�e� �R�O�S� �(�R�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s�)�.

�R�E�F�E�R�E�N�C�E�S
�A�e�b�i�,� �H�.� �(�1�9�7�4�)� �M�e�t�h�o�d�s�o�f� �E�n�z�y�m�a�t�i�c� �A�n�a�l�y�s�i�s�,� �e�d�.� �N�e�w
�Y�o�r�k�,� �A�c�a�d�e�m�i�c� �P�r�e�s�s� �2�,� �6�7�4�-�8�4�.

�A�n�,�L�.�,� �Z�h�e�n�g�,� �B�.�,� �W�a�n�g�,� �L�.�,� �Z�h�a�n�g�,�Y�.�,� �C�h�e�n�,�H�.�,� �Z�h�a�o�,
�X�.�,� �Z�h�a�n�g�,�L�.�&� �L�e�i�,�K�.�(�2�0�1�2�)� �B�i�o�m�a�r�k�e�r� �r�e�s�p�o�n�s�e�s� �a�n�d
�g�e�n�o�t�o�x�i�c�i�t�y� �i�n� �t�h�e� �m�u�d� �s�n�a�i�l� �(�B�u�l�l�a�c�t�a� �e�x�a�r�a�t�a�)� �a�s
�i�n�d�i�c�a�t�o�r�s� �o�f� �c�o�a�s�t�a�l� �c�o�n�t�a�m�i�n�a�t�i�o�n�.� �M�a�r�i�n�e� �P�o�l�l�u�t�i�o�n
�B�u�l�l�e�t�i�n� �6�4�:� �3�0�3 ��3�0�9�.

�A�u�s�t�,� �S�.�D�.� �(�1�9�8�5�)� �L�i�p�i�d�p�e�r�o�x�i�d�a�t�i�o�n�.� �I�n�:� �C�R�C� �H�a�n�d�b�o�o�k
�o�f� �M�e�t�h�o�d�s� �f�o�r� �O�x�y�g�e�n� �R�a�d�i�c�a�l� �R�e�s�e�a�r�c�h�,� �G�r�e�e�n�w�a�l�d� �R�A
�(�e�d�)�,� �B�o�c�a� �R�a�t�o�n�,� �F�L� �p� �2�0�3�-�2�0�7�.

�B�e�n�f�o�r�d�,�D�.�J�.�,�H�a�n�l�e�y�,�A�.�B�.�,�B�o�t�t�r�i�l�l�,�K�.�,�O�e�h�l�s�c�h�l�a�g�e�r�,�S�.�,
�B�a�l�l�s�,� �M�.�,� �B�r�a�n�c�a�,� �F�.�, �C�a�s�t�e�g�n�a�r�o�,� �J�.�J�.�,� �D�e�s�c�o�t�e�s�,� �J�.�,
�H�e�m�m�i�n�i�k�i�,� �K�.�,�L�i�n�d�s�a�y�,�D�. �&� �S�c�h�i�l�t�e�r�,� �B�.�(�2�0�0�0�)
�B�i�o�m�a�r�k�e�r�s� �a�s� �P�r�e�d�i�c�t�i�v�e� �T�o�o�l�s� �i�n� �T�o�x�i�c�i�t�y� �T�e�s�t�i�n�g�,� �T�h�e
�R�e�p�o�r�t� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�f� �E�C�V�A�M
�W�o�r�k�s�h�o�p�.�A�t�l�a�,� �2�8�:� �1�1�9 ��1�3�1�.

�B�u�r�t�i�s�,� �C�.�A�.� �a�n�d� �A�s�h�w�o�o�d�,� �E�.�R�.� �(�1�9�9�9�)� �T�i�e�t�z� �T�e�x�t�b�o�o�k� �o�f
�C�l�i�n�i�c�a�l� �C�h�e�m�i�s�t�r�y�,� �3�r�d� �e�d�.�,� �P�h�i�l�a�d�e�l�p�h�i�a�,� �W�.�B�.�S�a�u�n�d�e�r�s
�C�o�.

�C�l�a�i�b�o�r�n�e�,� �A�.� �(�1�9�8�5�)� �C�a�t�a�l�a�s�e� �a�c�t�i�v�i�t�y�.� �I�n�:� �C�R�C� �H�a�n�d�b�o�o�k
�o�f� �M�e�t�h�o�d�s� �f�o�r� �O�x�y�g�e�n� �R�a�d�i�c�a�l� �R�e�s�e�a�r�c�h�,� �G�r�e�e�n�w�a�l�d� �R�A
�(�e�d�.�)�,� �B�o�c�a� �R�a�t�o�n�,� �F�L� �p� �2�8�3�-�2�8�4�.

�C�o�n�n�e�r�s�,� �D�.�E�.� �(� �2�0�0�4�)� �B�i�o�m�a�r�k�e�s� �o�f� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �i�n
�f�r�e�s�h� �w�a�t�e�r� �c�l�a�m� �(�C�o�r�b�i�c�u�l�a� �F�l�u�m�i�n�e�a�)�a�s� �m�e�c�h�a�n�i�s�t�i�c� �t�o�o�l
�t�o� �e�v�a�l�u�a�t�e� � �t�h�e� �i�m�p�a�i�r�m�e�n�t� � �o�f� �s�t�r�e�a�m� �e�c�o�s�y�s�t�e�m� �h�e�a�l�t�h� �b�y
�l�a�w�n� �c�a�r�e� �p�e�s�t�i�c�i�d�e�s� �.�P�h�.�D� �t�h�e�s�i�s�,� �T�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f
�G�e�o�r�g�i�a�,�U�.�S�.�A�.

�C�r�a�v�o�,� �A�.�,� �G�o�m�e�s�,� �T�.�,� �L�o�p�e�s�,� �B�.�,� �M�e�d�e�i�r�o�s�,� �A�.�,� �N�o�r�b�e�r�t�o�,
�R�.�,� �P�e�r�e�i�r�a�,� �C�.�,� �P�e�r�e�i�r�a�,� �R�.�,� �R�o�c�h�a�,� �T�.�,� �s�e�r�f�i�m�,� �A�.�,� �A�l�m�e�i�d�a�,
�C�.�,�A�r�a�ú�j�o�,�O�. �&� �C�a�r�d�o�s�o�,�C�.�(�2�0�1�2�)�A� �m�u�l�t�i�b�i�o�m�a�r�k�e�r
�a�p�p�r�o�a�c�h� �i�n� �t�h�e� �c�l�a�m� �R�u�d�i�t�a�p�e�s�d�e�c�u�s�s�a�t�u�s� �t�o� �a�s�s�e�s�s� �t�h�e
�i�m�p�a�c�t� �o�f� �p�o�l�l�u�t�i�o�n� �i�n� �t�h�e� �R�i�a� �F�o�r�m�o�s�a� �l�a�g�o�o�n�,� �S�o�u�t�h
�C�o�a�s�t� �o�f� �P�o�r�t�u�g�a�l�.�M�a�r�i�n�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �r�e�s�e�a�r�c�h� �7�5�,�2�3�-
�3�4�.

�D�o�m�o�u�h�t�s�i�d�o�u�, �G�.�P�.�, �D�a�i�l�i�a�n�i�s�,� �S�.�,�K�a�l�o�y�i�a�n�n�i�,�M�.�&
�D�i�m�i�t�r�i�a�d�i�s�,� �V�.�K�.� �(�2�0�0�4�)� �L�y�s�o�s�o�m�a�l� �m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�t�y
�a�n�d� �m�e�t�a�l�l�o�t�h�i�o�n�e�i�n� �c�o�n�t�e�n�t� �i�n� �M�y�t�i�l�u�s�g�a�l�l�o�p�r�o�v�i�n�c�i�a�l�i�s
�(�L�.�)�,� �a�s� �b�i�o�m�a�r�k�e�r�s�.� �C�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �t�r�a�c�e� �m�e�t�a�l
�c�o�n�c�e�n�t�r�a�t�i�o�n�s�.�M�a�r�.� �P�o�l�l�u�t�.� �B�u�l�l�.�4�8�(�5�-�6�)�,�5�7�2�-�8�6�.

�D�s�p�o�t�o�v�i�c�'�,� �S�.�,� �G�.�,�P�e�r�e�n�d�i�j�a�,� �B�.�R�.�,�G�a�v�r�i�c�'�,� �J�.�P�.�,
�B�o�r�k�o�v�i�c�'�-�M�i�t�i�c 2�,� �S�.�,� �S�.�,�P�a�u�n�o�v�i�c�'�,� �M�.�M�.�,� �P�a�v�l�o�v�i�c 2�,� �S�.�Z�.
�&� �S�a�i�c�i�c�'�,� �Z�.�S�.� �(�2�0�1�2�)� �S�e�a�s�o�n�a�l� �C�h�a�n�g�e�s� �i�n� �o�x�i�d�a�t�i�v�e
�s�t�r�e�s�s� �b�i�o�m�a�r�k�e�r�s� �o�f� �t�h�e� �s�n�a�i�l� �V�i�v�i�p�a�r�u�s� �A�c�e�r�o�s�u�s� �f�o�r�m� �t�h�e
�v�e�l�i�k�a� �m�o�r�v�a� �r�i�v�e�r�,� �s�e�r�b�i�a�.� �A�r�c�h�.� �B�i�o�l�.� �S�c�i�.�,� �B�e�l�g�r�a�d�e� �6�4
�(�3�)�,� �9�5�3�-�9�6�2�.

�F�i�l�h�o�,� �D�.�W�,� �T�r�i�b�e�s�s�,� �T�.�,�G�a 2�s�p�a�r�i�,� �C�.�,� �C�l�a�u�d�i�o�,� �F�.�D�.�,
�T�o�r�r�e�s�,� �M�.�A�.�&� �M�a�g�a�l�h�'�a�e�s�,� �A�.�R�.�M�.�(�2�0�0�1�)� �S�e�a�s�o�n�a�l
�c�h�a�n�g�e�s� �i�n� �a�n�t�i�o�x�i�d�a�n�t� �d�e�f�e�n�s�e�s� �o�f� �t�h�e� �d�i�g�e�s�t�i�v�e� �g�l�a�n�d� �o�f
�t�h�e� �b�r�o�w�n� �m�u�s�s�e�l� �(�P�e�r�n�a� �p�e�r�n�a�)�.� �A�q�u�a�c�u�l�t�u�r�e� �2�0�3�,� �1�4�9 �
�1�5�8�.

�F�r�e�n�z�i�l�l�i�,� �G�.�,�N�i�g�r�o�,� �M�.�,�S�c�a�r�c�e�l�l�i�,� �V�.�,�G�o�r�b�i�,� �S�.�& �R�e�g�o�l�i�,
�F�. �(�2�0�0�1�)� �D�N�A� �i�n�t�e�g�r�i�t�y� �a�n�d� �t�o�t�a�l� �o�x�y�r�a�d�i�c�a�l� �s�c�a�v�e�n�g�i�n�g
�c�a�p�a�c�i�t�y� �i�n� �t�h�e� �M�e�d�i�t�e�r�r�a�n�e�a�n� �m�u�s�s�e�l�,
�M�y�t�i�l�u�s�g�a�l�l�o�p�r�o�v�i�n�c�i�a�l�i�s�:� �a� �f�i�e�l�d� �s�t�u�d�y� �i�n� �a� �h�i�g�h�l�y
�e�u�t�r�o�p�h�i�c�a�t�e�d� �c�o�a�s�t�a�l� �l�a�g�o�o�n�.�A�q�u�a�t�T�o�x�i�c�o�l�5�3�(�1�)�,�1�9�-�3�2�.

�L�i�v�i�n�g�s�t�o�n�e�,�D�. �R�. �(�2�0�0�1�)�C�o�n�t�a�m�i�n�a�t�e�d� �s�t�i�m�u�l�a�t�e�d
�r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �o�x�i�d�a�t�i�v�e� �d�a�m�a�g�e



�B�i�o�c�h�e�m�i�c�a�l� �c�h�a�n�g�e�s� �i�n� �t�w�o� �s�p�e�c�i�e�s� �o�f� �m�o�l�l�u�s�c�s� �i�n� �H�i�l�l�a� �r�i�v�e�r�,� �I�r�a�q

�4�3

�i�n� �a�q�u�a�t�i�c� �o�r�g�a�n�i�s�m�.� �M�a�r�i�n�e� �p�o�l�l�u�t�i�o�n� �B�u�l�l�e�t�i�n� �4�2�(�8�)�,� �6�5�6�-
�6�6�6�.

�M�a�r�k�l�u�n�d�,� �S�.� �a�n�d� �M�a�r�k�l�u�n�d�,� �G�.� �(�1�9�7�4�)� �I�n�v�o�l�v�e�m�e�n�t� �o�f� �t�h�e
�S�u�p�e�r�o�x�i�d�e� �A�n�i�o�n� �R�a�d�i�c�a�l� �i�n� �t�h�e� �A�u�t�o�x�i�d�a�t�i�o�n� �o�f
�P�y�r�o�g�a�l�l�o�l� �a�n�d� �a� �C�o�n�v�e�n�i�e�n�t� �A�s�s�a�y� �f�o�r� �S�u�p�e�r�o�x�i�d�e
�D�i�s�m�u�t�a�s�e�.� �E�u�r�.� �J�.� �B�i�o�c�h�e�m�4�7�,�4�6�9�-�4�7�4�.

�M�c�G�e�v�i�n�,� �L�.�E�.�(�2�0�1�1�)� �M�u�s�s�e�l�s�:� �A�n�a�t�o�m�y�,� �H�a�b�i�t�a�t� �&
�E�n�v�i�r�o�n�m�e�n�t�a�l� �I�m�p�a�c�t�.� �N�o�v�a� �S�c�i�e�n�c�e� �P�u�b�l�i�s�h�e�r�s
�I�n�c�.�p�p�5�4�2�.

�N�a�d�j�i�,�S�.�,�A�m�r�a�n�i�,�A�.�,�M�e�b�a�r�k�i�,�R�.�&�K�h�e�b�b�e�b�,�M�.�E�.
�(�2�0�1�0�)�A�c�e�t�y�l�c�h�o�l�i�n�e�s�t�e�r�a�s�e� �a�n�d� �c�a�t�a�l�a�s�e� �a�c�t�i�v�i�t�i�e�s� �i�n
�s�e�v�e�r�a�l� �t�i�s�s�u�e�s� �o�f� �a� �b�i�v�a�l�v�e� �m�o�l�l�u�s�c� �(�R�u�d�i�t�a�p�e�s
�d�e�c�u�s�s�a�t�u�s�)�f�i�s�h�e�d� �f�r�o�m� �M�e�l�l�a�h� �l�a�g�o�o�n� �(�N�o�r�t�h� �E�a�s�t� �o�f
�A�l�g�e�r�i�a�)� �a�f�t�e�r� �m�a�l�a�t�h�i�o�n� �e�x�p�o�s�u�r�e�.� �A�n�n�a�l�s� �o�f� �B�i�o�l�o�g�i�c�a�l
�R�e�s�e�a�r�c�h�1� �(�4�)�,� �1�3�8�-�1�4�4�.

�N�a�r�b�o�n�n�e�,� �J�.�F�.�,�D�a�u�b�e�z�e�,� �M�.�,� �C�l�e�r�a�n�d�e�a�u�,� �C�.�&� �G�a�r�r�i�g�u�e�s�,
�P�.�(�1�9�9�9�)� �S�c�a�l�e� �o�f� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �b�a�s�e�d� �o�n� �b�i�o�c�h�e�m�i�c�a�l
�m�a�r�k�e�r�s� �i�n� �m�u�s�s�e�l�s�:� �a�p�p�l�i�c�a�t�i�o�n� �t�o� �p�o�l�l�u�t�i�o�n� �m�o�n�i�t�o�r�i�n�g� �i�n
�E�u�r�o�p�e�a�n� �c�o�a�s�t�s�.� �B�i�o�m�a�r�k�e�r�s� �4�(�6�)�,�4�1�5 ��4�2�4� �.

�O�l�a�k�o�l�u�,�F�.�C�.�,� �H�a�s�s�a�n�,� �A�.�,� �A�.�&� �R�e�n�n�e�r�,� �K�.�,� �O�.�(�2�0�1�2�)
�L�i�p�i�d� �P�e�r�o�x�i�d�a�t�i�o�n� �a�n�d� �A�n�t�i�o�x�i�d�a�n�t� �B�i�o�m�a�r�k�e�r� �A�c�t�i�v�i�t�i�e�s
�a�s� �I�n�d�i�c�a�t�o�r� �o�f� �P�o�l�l�u�t�i�o�n� �i�n� �B�l�u�e� �C�r�a�b� �C�a�l�l�i�n�e�c�t�e�s
�a�m�n�i�c�o�l�a� �f�r�o�m� �L�a�g�o�s� �l�a�g�o�o�n�.� �B�r�i�t�i�s�h� �J�o�u�r�n�a�l� �o�f� �S�c�i�e�n�c�e
�5�(�2�)�,� �4�7�-�5�6�.

�O�r�b�e�a�,� �A�.�,� �O�r�t�i�z�-�Z�a�r�r�a�g�o�i�t�i�a�,� �M�.� �&� �C�a�j�a�r�a�v�i�l�l�e� �,� �M�.�P�.
�(�2�0�0�2�)� �I�n�t�e�r�a�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f�b�e�n�z�o�(�a�)�p�y�r�e�n�e� �a�n�d� �c�a�d�m�i�u�m
�a�n�d� �e�f�f�e�c�t�s� �o�f� �d�i�(�2�-�e�t�h�y�l�h�e�x�y�l�)� �p�h�t�h�a�l�a�t�e� �o�n� �a�n�t�i�o�x�i�d�a�n�t
�a�n�d� �p�e�r�o�x�i�s�o�m�a�l� �e�n�z�y�m�e�s� �a�n�d� �p�e�r�o�x�i�s�o�m�a�l� �v�o�l�u�m�e
�d�e�n�s�i�t�y� �i�n� �t�h�e� �d�i�g�e�s�t�i�v�e� �g�l�a�n�d� �o�f� �m�u�s�s�e�l� �M�y�t�i�l�u�s
�g�a�l�l�o�p�r�o�v�i�n�c�i�a�l�i� �s� �L�m�k�.� �B�i�o�m�a�r�k�e�r�s� �7�(�1�)�,� �3�3�-�4�8�.

�O�t�c�h�e�r�e�,� �F�.�A�.� �(�2�0�0�3�)�H�e�a�v�y� �m�e�t�a�l�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d
�b�u�r�d�e�n� �i�n� �t�h�e� �b�i�v�a�l�v�e�s� �(�A�n�a�d�a�r�a� �S�e�n�i�l�i�a�)� �s�e�n�i�l�i�s�,

�C�r�a�s�s�o�s�t�r�e�a� �t�u�l�i�p�a� �&� �P�e�r�n�a� �p�e�r�n�a�)� �f�r�o�m� �l�a�g�o�o�n�s� �i�n� �G�h�a�n�a�:
�M�o�d�e�l� �t�o� �d�e�s�c�r�i�b�e� �m�e�c�h�a�n�i�s�m� �o�f� �a�c�c�u�m�u�l�a�t�i�o�n� �a�n�d
�e�x�c�r�e�t�i�o�n�.� �A�f�r�i�c�a�n� �J�o�u�r�n�a�l� �o�f� �B�i�o�t�e�c�h�n�o�l�o�g�y�2� �(�9�)�,� �2�8�0�-
�2�8�7�.

�O�t�i�t�o�l�o�j�u�,� �A�.� �&� �O�l�a�g�o�k�e�,� �O�.� �(�2�0�1�1�)� �L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �a�n�d
�a�n�t�i�o�x�i�d�a�n�t� �d�e�f�e�n�s�e� �e�n�z�y�m�e�s� �i�n� �C�l�a�r�i�a�s� �g�a�r�i�e�p�i�n�u�s� �a�s
�u�s�e�f�u�l� �b�i�o�m�a�r�k�e�r�s� �f�o�r� �m�o�n�i�t�o�r�i�n�g� �e�x�p�o�s�u�r�e� �t�o� �p�o�l�y�c�y�c�l�i�c
�a�r�o�m�a�t�i�c� �h�y�d�r�o�c�a�r�b�o�n�s�.� �E�n�v�i�r�o�n�.� �M�o�n�i�t�.� �A�s�s�e�s�s�.�,� �1�8�2�,�2�0�5 �
�2�1�3�.

�R�e�g�o�l�i�,� �F�.� �&� �P�r�i�n�c�i�p�a�t�o�b�,� �G�.�(�1�9�9�5�)� �G�l�u�t�a�t�h�i�o�n�e�,
�g�l�u�t�a�t�h�i�o�n�e�-�d�e�p�e�n�d�e�n�t� �a�n�d� �a�n�t�i�o�x�i�d�a�n�t� �e�n�z�y�m�e�s� �i�n� �m�u�s�s�e�l�,
�M�y�t�i�l�u�s� �g�a�l�l�o�p�r�o�v�i�n�c�i�a�l�i�s�,� �e�x�p�o�s�e�d� �t�o� �m�e�t�a�l�s� �u�n�d�e�r� �f�i�e�l�d
�a�n�d� �l�a�b�o�r�a�t�o�r�y�c�o�n�d�i�t�i�o�n�s�:� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �u�s�e� �o�f
�b�i�o�c�h�e�m�i�c�a�l� �b�i�o�m�a�r�k�e�r�s� �A�q�u�a�t�i�c� �T�o�x�i�c�o�l�o�g�y� �3�1�,�1�4�3�-�1�6�4�.

�S�a�h�a�n�,� �A�.�,� �B�e�l�g�e�,� �E�.� �&� �A�l�t�u�n�,� �T�.�(�2�0�1�0�)� �T�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n
�o�f� �b�i�o�c�h�e�m�i�c�a�l� �i�n�d�i�c�a�t�o�r�s� �(�B�i�o�m�a�r�k�e�r�s�)� �i�n� �t�h�e� �c�o�m�m�o�n
�C�a�r�p� �(�C�y�p�r�i�n�u�s� �c�a�r�p�i�o�)� �t�o� �t�h�e� �P�h�y�s�i�c�o�-�c�h�e�m�i�c�a�l
�p�a�r�a�m�e�t�e�r�s� �o�f� �C�e�y�h�a�n� �r�i�v�e�r� �(�A�d�a�n�a�-�T�u�r�k�e�y�)� �E�k�o�l�o�j�i
�1�9�(�7�6�)�,� �8�-�1�4�.

�T�o�r�r�e�s�,� �M�.�A�.�,�T�e�s�t�a�,�C�.�P�.�,� �G�a�s�p�a�r�i�,�C�.�,� �M�a�s�u�t�t�i�,�M�.�P�.�,
�P�a�n�i�t�z�,� �C�.�M�.�N�.�,�C�u�r�i�-�P�e�d�r�o�s�a�,� �R�.�,� �d�e� �A�l�m�e�i�d�a�,� �E�.�A�.�,
�M�a�s�c�i�o�,� �P�.�D�.�&� �F�i�l�h�o�,�D�.�W�.�(�2�0�0�2�)� �O�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �i�n� �t�h�e
�m�u�s�s�e�l� �M�y�t�e�l�l�a� �g�u�y�a�n�e�n�s�i�s�f�r�o�m� �p�o�l�l�u�t�e�d� �m�a�n�g�r�o�v�e�s� �o�n
�S�a�n�t�a� �C�a�t�a�r�i�n�a� �I�s�l�a�n�d�,� �B�r�a�z�i�l�.� �M�a�r�i�n�e� �P�o�l�l�u�t�i�o�n
�B�u�l�l�e�t�i�n�.�4�4�,� �9�2�3 ��9�3�2�.

�V�i�d�a�l�,� �M�.�L�.�,�B�a�s�s�è�r�e�s�,� �A�. �&�N�a�r�b�o�n�n�e�,� � �J�.�F�. �(�2�0�0�2�)
�S�e�a�s�o�n�a�l� �v�a�r�i�a�t�i�o�n�s�o�f� �p�o�l�l�u�t�i�o�n� �b�i�o�m�a�r�k�e�r�s� �i�n� �t�w�o
�p�o�p�u�l�a�t�i�o�n�s� �o�f� �C�o�r�b�i�c�u�l�a� �f�l�u�m�i�n�e�a�(�M�ü�l�l�e�r�)�.�C�o�m�p
�B�i�o�c�h�e�m�P�h�y�s�i�o�l� �C�T�o�x�i�c�o�l�P�h�a�r�m�a�c�o�l�1�3�1�(�2�)�,�1�3�3�-�5�1�.


