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Abstract Among the most extensively used com-
pounds for the pest control in Argentinean crops is the
organochlorine endosulfan. The sublethal effects of the
commercial endosulfan formulation on hematology and
lipid peroxidation (LPO) of the neotropical fish Prochi-
lodus lineatus were investigated. Firstly, we calculated
acute toxicity (LC50) in order to define sublethal
concentrations (0, 1.2, and 2.4 μg L−1). Hematological
and oxidative stress responses were assessed at 24, 48,
and 96 h. Endosulfan exposure significantly dimin-
ished the hemoglobin concentration, mean cell hemo-
globin, and total plasma protein and increased white
blood cells count and plasma glucose after 96 h.
Exposed fish showed an alteration of the differential
leukocytes count, evidenced by more thrombocytes
and monocytes and less lymphocytes and neutrophils.
Endosulfan increased LPO levels in intestine, liver, and
brain in both sublethal concentrations. The present

results suggest that endosulfan produces biochemical
and physiological alterations, including immunological
disorders, and it is a good inductor of oxidative stress
in P. lineatus.
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1 Introduction

Endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,
9a-hexahydro-6,9-ethano-2,4,3-benzodioxathiepin-3-
oxide) is a broad spectrum organochlorine insecticide
which controls insects by contact action and by
ingestion of treated plant material, on field cereal
crops, oilseeds, coffee, vegetables, and fruit crops.
Endosulfan reaching the water column will have a
propensity to be absorbed into benthic sediment,
which may eventually become a source of endosulfan
redistribution into the overlying waters. Due to its
semivolatility, endosulfan is present in the global
background atmosphere and is capable of undergoing
long-range transport to remote environments, includ-
ing the Arctic (Weber et al. 2009). Due to its toxic
effects, the US EPA (2002) has classified endosulfan
as highly toxic to both freshwater and marine fish and
defined the level for protection of freshwater aquatic
life as 0.22 μg L−1. However, endosulfan concen-
trations from 0.2 to 13.5 μg L−1 have been found in
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water bodies near rice fields in neotropical wetlands
of Argentina (Silva et al. 2005), exceeding the
maximum permitted concentration.

Studies carried out on the toxicity of endosulfan
have shown that 96 h medium lethal concentration
(96-h LC50) values vary by several orders of
magnitude among fishes, ranging between 0.4 and
12.8 μg L−1 (Vittozzi and De Angelis 1991; Jonsson
and Toledo 1993; Capkin et al. 2006; Magesh and
Kumaraguru 2006; Pandey et al. 2006; Ballesteros et
al. 2007; Hii et al. 2007; Tellez-Bañuelos et al. 2009).
Differences in sensitivity to endosulfan can be
observed between different fish taxa. The families
Cichlidae (Oreochromis niloticus, Nile tilapia) and
Channidae (Channa punctatus, spotted murrel), both
belonging to order Perciformes, seem to be predom-
inantly tolerant, with the highest 96-h LC50 values
(12.8 and 7.7 μg L−1). On the contrary, families
Symbranchidae, Chanidae, Salmonidae, and Anable-
pidae have higher sensitivity to endosulfan, with
96-h LC50 values between 0.4 and 1.7 μg L−1.

Current water quality criteria for priority pollu-
tants were mainly derived from laboratory toxicity
tests using standard test species. However, it is
known that some pollutants may be more or less
toxic to native fish species compared to the standard
ones (e.g., Oncorhynchus mykiss, Pimephales prom-
elas, Lepomis macrochirus, Danio rerio, Oryzias
latipes) because of interspecific differences in sensi-
tivity (Buhl 1997). Thus, the setting of realistic water
quality criteria requires information on the response
of native endangered species to pollutants. Despite
the fact that endosulfan is widely used in neotropical
regions, little is known about its toxicity on
neotropical fish species. However, some information
is available about its effects on fish from other
regions. Exposure to sublethal concentrations of
waterborne and dietary endosulfan has induced a
wide diversity of effects in fish, including neurotox-
icity and genotoxicity (Dutta and Arends 2003;
Ballesteros et al. 2009a), liver toxicity (Mishra and
Schukla 1994; Glover et al. 2007; Ballesteros et al.
2009b), hematological and histopathological
changes (Nowak 1996), and alterations in the
immune and endocrine systems (Bisson and Hontela
2002; Coimbra et al. 2005; Harford et al. 2005).

Blood offers an important profile to study the
toxicological impact on animal tissues. To measure
the response to environmental stressors, some

changes in blood composition (hematocrit, hemo-
globin content, red and white cell count, plasma
biochemistry) are used widely to assess the overall
condition of fish (Niimi 1990; Leatherland et al.
1998; Handy and Depledge 1999; van der Oost et al.
2003).

A fundamental aspect of aerobic life is the
potentially dangerous sequels that might be engen-
dered when antioxidant defenses are overcome by
prooxidant forces (Winston and Di Giulio 1991).
Changing the balance toward an increase in the
prooxidant over the capacity of the antioxidant is
defined as oxidative stress. This situation can make an
organism suffer oxidative damage in terms of lipids,
proteins, or DNA (Monserrat et al. 2007). Being
lipids the key component in the cell membrane makes
it necessary to understand the mechanisms and
consequences of lipid peroxidation (LPO) in biolog-
ical systems (Kelly et al. 1998). Malondialdehyde, a
breakdown product from lipid peroxidation, indicates
lipids oxidative damage from a variety of toxicants
(Kohen and Nyska 2002) and can be used as a
suitable biomarker in fish (Oakes et al. 2004; Crestani
et al. 2007; Zhang et al. 2008).

Prochilodus lineatus (Pisces, Prochilodontidae) is
the most abundant fish species and the main
resource in commercial fisheries in the Middle
Paraná River (Rossi et al. 2007). Besides, this fish
represents an appropriate species for environmental
monitoring, as it is a bottom-feeder animal which is
in contact with xenobiotics in water and sediment
(Camargo and Martinez 2006; Vanzella et al. 2007;
Carvalho and Fernandes 2008; Cavalcante et al.
2008; Cazenave et al. 2009).

The present study was designed to evaluate
sublethal changes in hematological and oxidative
stress markers on different tissues of P. lineatus
exposed to waterborne endosulfan. Moreover, this
work is aimed at enlarging the endosulfan toxicity
database of aquatic vertebrates.

2 Materials and Methods

2.1 Experimental Design

Juvenile P. lineatus (n=132) were collected from an
unpolluted area of the Paraná River (31°42′ S, 60°45′
W, Argentina). The average weight and standard
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length of fish were 59.9±2.8 g and 13.5±0.2 cm,
respectively. For acclimation purpose, fish were held
in 150-L tanks in well-aerated dechlorinated water for
2 weeks and were fed once daily, with dry commer-
cial pellets.

Tests were conducted in 25-L glass aquaria, under
static conditions following the recommendations of
the OECD Guidelines for Testing of Chemicals
(OECD 1992). The experiments were carried out in
12:12-h light–dark cycles, and the test water charac-
teristics were pH 6.7±0.1, total hardness 315±
7.1 ppm CO3Ca, and temperature 24±1°C. Fish
feeding was suspended 24 h before the beginning of
tests. Endosulfan test solutions were prepared from a
commercial formulation containing 35% active ingre-
dient (Zebra Ciagro®, Ciagro S.A. Argentina) since
endosulfan in such grade is frequently employed in
field practices. Endosulfan concentrations in water
was quantify at the beginning of each experiment by
GC-ECD, according to US EPA (1989), showing
recoveries >95% of the nominal value. For lethal
96-h toxicity test, preliminary range-finding tests
were performed to establish a mortality range and to
define test concentrations.

The lethal 96-h toxicity test consisted of exposing
fish to five concentrations of endosulfan (2.2, 2.8, 3.5,
4.4, and 5.5 μg L−1). One additional group served as a
control and was kept in tap water. Each concentration
and the control group consisted of five individuals
and were tested by duplicate. Mortality of test
organisms was recorded when opercular movements
stopped, and dead individuals were removed instantly.
Accurate records of mortality counts were maintained
at a regular interval of 12 till 96 h. As an estimate of
relative lethal toxicity, LC50 values and their
corresponding 95% confidence limits were calculated
for 24, 48, 72, and 96 h time points using US EPA
probit software 1.5 free version (US EPA 1992).

For the sublethal toxicity test, fish were exposed to
0 (control), 1.2 (50% 96-h LC1), and 2.4 μg L−1

(96-h LC1) endosulfan. Test and control groups were
tested by duplicate. At 24, 48, and 96 h, eight control
and exposed fish of each concentration were removed
from test aquaria and anesthetized with benzocaine
according to Parma de Croux (1990). After blood
sampling, fish were sacrificed and dissected. Gills,
liver, intestine, and brain were immediately frozen in
liquid nitrogen and stored at −80°C until biochemical
determinations were carried out.

2.2 Hematological Parameters

Blood was rapidly extracted from the caudal vessel by
dissection of the caudal peduncle (Reichenbach-
Klinke 1980; Roberts 1981), using heparinized
syringes. Red blood cells (RBC) counts were per-
formed with a Neubauer chamber, using physiological
solution for dilution. Hematocrit (Ht) values were
determined by the micromethod using capillary tubes
and centrifuged at 1,409×g for 10 min. Hemoglobin
concentration (Hb) was measured by the cyanome-
themoglobin method at wavelength of 546 nm on a
spectrophotometer (Houston 1990). Mean cell volume
(MCV), mean cell hemoglobin (MCH), and mean cell
hemoglobin concentration (MCHC) were calculated
from primary indices.

A drop of freshly collected blood was smeared on
clean slides to estimate the total white blood cells
(WBC) counts and for determination of leukocyte
frequency according to Tavares-Dias and de Moraes
(2007). The air-dried blood smears were fixed in
absolute methanol for 10 min and stained by May–
Grünwald–Giemsa (Houston 1990). Total WBC was
performed in relation to the number of erythrocytes
counted in randomly selected fields and recalculated
per unit volume: WBC/µL = number of WBC in
blood smear × (RBC/µL/4,000 RBC counted in
smear). Differential leukocytes counts were per-
formed by identifying 100 white blood cells en each
blood smear.

Additionally, plasma was separated from whole
blood by centrifugation at 1,409×g for 10 min.
Glucose and total protein concentrations were
determined colorimetrically using commercial kits
(Wiener Lab®).

2.3 Lipid Peroxidation

LPO in gills, intestine, liver, and brain was deter-
mined by measuring the formation of thiobarbituric
reactive substances (TBARS), according to Fatima et
al. (2000). Tissues were individually homogenized
with 0.15 M potassium chloride solution using a glass
homogenizer. Then, 1.0 mL homogenate was incu-
bated during 1 h at 37°C with continuous shaking.
Afterward, 1.0 mL of 5% trichloroacetic acid and
1.0 mL of 0.67% thiobarbituric acid were added to
each sample and mixed. Then, each vial was
centrifuged at 1,409×g for 10 min. The supernatant
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was separated and placed in a boiling water bath for
10 min, cooled to room temperature, and measured
spectrophotometrically at 535 nm. The rate LPO was
expressed as nanomoles of TBARS formed per hour
per milligram of proteins. Protein content of each
sample was determined according to Bradford (1976).

2.4 Statistical Analysis

All data are reported as mean ± standard error. Data
obtained for different biomarkers were first tested for
normality using Shapiro–Wilks test. Variables with no
normal distribution were analyzed by Kruskal–Wallis
test. One-way analysis of variance, followed by a
posteriori Tukey test, was performed to evaluate
changes in biomarkers between treatments and control
group and time periods. Differences were considered
statically significant when p<0.05. As there were no
significant differences in the studied parameters of
control groups at different time periods, all control
values were pooled.

3 Results

The 24-, 48-, 72-, and 96-h LC50 values (95%
confidence limit) were 4.1 (3.7–4.5), 3.9 (3.6–4.3),
3.7 (3.3–4.1), and 3.7 (3.3–4.1) μg L−1, respectively.
No mortality occurred in the control and the
2.2-μg L−1 endosulfan-containing group. Complete
mortality of the fish was observed after 72 h at the
highest endosulfan concentration (5.5 μg L−1).

The results showed that sublethal endosulfan
concentrations produced changes in all the measured
hematological parameters (Table 1). Some bio-
markers, such as Ht and derived indices, had a quick
response to endosulfan, showing variations after 24
and 48 h. Most of them returned to control values at
the end of the experiment. Other biomarkers changed
after 96 h of endosulfan exposure. A decrease in Hb,
MCH, and total plasma protein level and a significant
increase in WBC and plasma glucose were observed
at the highest concentration (2.4 μg L−1). Differential
leukocytes count was also affected, showing higher
proportion of thrombocytes and monocytes and lower
proportion of lymphocytes and neutrophils (Fig. 1).
Basophils were not found in the prepared smears and
eosinophils and monocytes were the rarest white
blood cells. T
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In the highest concentration, a significant increase
in liver, intestine, and brain LPO was found at 96 h.
Increased LPO was only registered at 24 and 48 h,
in the liver and brain of 1.2 μg L−1 exposed fish
(Fig. 2). There were no significant differences in
gills LPO levels between control and endosulfan
exposed fish.

4 Discussion

The endosulfan 96-h LC50 value reported in the
present study falls in the range of previously
published studies (Table 2). The Asian swamp eel
(Monopterus albus), the neotropical fish Jenynsia
multidentata, and the estuarine fish Chanos chanos
seem to be the most sensitive species, with LC50

values lower than those of P. lineatus. On the other
hand, Pandey et al. (2006) and Tellez-Bañuelos et al.
(2009) found higher values in C. punctatus and the
Nile tilapia (O. niloticus), recording values of 7.7 and
12.8 μg L−1, respectively. These differences in
endosulfan toxicity could be due to several factors,
such as differences in the sensitivity of target site,
detoxification systems, lipid content, and fish size.
The metabolic and dispositional influences will
determine how much active toxicant is available for
interaction with its targets (Chambers and Carr 1995).
Ballesteros et al. (2007) found differences in endo-
sulfan toxicity between males and females of J.
multidentata. According to the authors, the lower
lipid content of male explained the differences in
endosulfan sensitivity between sexes. Other factors
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that are known to affect endosulfan toxicity to aquatic
life include temperature, salinity, life cycle stage and
bioassay procedure (Naqvi and Vaishnavi 1993).

Metabolism may be an important determinant of
pesticide toxicity. The technical grade endosulfan is a
mixture of isomers α-endosulfan and β-endosulfan in
a ratio of 2:1–7:3. Biotransformation of α- and β-
endosulfan occurs in the liver, through oxidation of
cytochrome P450 (Lee et al. 2006). This metabolic
pathway leads to the formation of endosulfan sulfate,
the main biotransformation product of both isomers in
aquatic organisms (Wan et al. 2005). Of all the
metabolites of endosulfan, the sulfate appears to be
the one that accumulates, predominantly in the liver
and kidneys. Berntssen et al. (2008) found a relatively
low formation of endosulfan sulfate and higher
proportion of both isomers in muscle of Salmo salar
exposed to dietary endosulfan for 92 days. Carriger et
al. (2009) conducted flow-through toxicity test in two
indigenous fish from South Florida exposed to
endosulfan sulfate. They found 96-h LC50 values of
2.1 and 2.7 μg L−1 for Heterandria formosa and
Gambusia affinis, respectively, showing lethal con-
centrations similar to those reported for technical
endosulfan.

Hematological parameters in control fish were
within the normal values range previously reported
by Parma de Croux (1994). Sublethal concentrations
of endosulfan had adverse effects on hematological
biomarkers of P. lineatus, mainly at the highest
concentration tested. After 24 h of exposure, the fish
showed a decrease in Ht and MCV and an increase in
MCHC, returning to control values at the end of the

experiment. Similarly, both a rise and an eventual
decrease in Ht were recorded in M. albus by Hii et al.
(2007). Because of unchanged RBC, the decrease in
Ht after 24 h was likely due to cell size adjustments
(decreased MCV), but the Hb content remains the
same, which led to an increase in MCHC. This is a
reaction that occurs in vivo in the blood due to the
ability to regulate cell size or volume of erythrocytes,
a characteristic widely documented in fish (Soivio and
Nikinmaa 1981), and can be associated with stress
response (Lecklin et al. 2000). At the end of our
experiment, Hb content and MCH were significantly
lower in exposed fish than in control ones. In P.
lineatus, Parma et al. (2007) and Simonato et al.
(2008) reported similar results after intoxication with
cypermethrin and diesel oil, respectively. Conversely,
Petri et al. (2006) found an increase in Hb and MCH
in S. salar exposed to sublethal concentrations of
endosulfan for 96 h.

Endosulfan effects on immune response of fish have
been previously studied. For instance, exposure to
sublethal concentrations of this pesticide significantly
diminished the phagocytic activity in Nile tilapia
(Girón-Pérez et al. 2008) and leukocytes count in M.
albus (Hii et al. 2007). By contrast, we observed a
significant increase in WBC of endosulfan exposed P.
lineatus, which evidences immunostimulation. A
similar immune response was found by Tellez-
Bañuelos et al. (2009), who registered an activation
of spleen macrophages in endosulfan exposed fish. The
leukocytosis reported in this study may be attributed to
an increased leukocyte mobilization to protect the body
against infections in damaged tissues.

Table 2 Median lethal concentration of endosulfan in some fish species

Species Duration (h) Purity (%) System LC50

(μg L−1)
References

Monopterus albus 96 33 Static 0.4 Hii et al. (2007)

Chanos chanos 96 35 Static renewal 0.6 Magesh and Kumaraguru (2006)

Jenynsia multidentata ♂ 96 35 Static 0.7 Ballesteros et al. (2007)

Jenynsia multidentata ♀ 96 35 Static 1.3 Ballesteros et al. (2007)

Oncorhynchus mykiss 96 33 Static renewal 1.7 Capkin et al. (2006)

Prochilodus lineatus 96 35 Static 3.7 Present study

Channa punctatus 96 35 Flow-through 7.7 Pandey et al. (2006)

Oreochromis niloticus 96 35 Static 12.8 Tellez-Bañuelos et al. (2009)

Hyphessobrycon bifasciatus 24 97 Static renewal 2.6 Jonsson and Toledo (1993)

Brachydanio rerio 24 97 Static renewal 1.6 Jonsson and Toledo (1993)
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Differential leukocytes count showed that lym-
phocytes and neutrophils were the most frequent
white blood cells in control P. lineatus, in according
with results founded by other authors (Páliková et al.
1999; Ranzani-Paiva et al. 2003; Velisek et al. 2009).
Both white blood cells diminished significantly in
endosulfan exposed fish. On the contrary, there was
an increase in the percentage of monocytes and
thrombocytes, while eosinophils remained the same.
These results are in agreement with those found by
Shafiq-ur-Rehman (2006) in mirror carp (Cyprinus
carpiovar specularis) exposed to endosulfan. Mazon
et al. (2002) registered a significant decrease in
lymphocytes and an increase in monocytes percen-
tages of Prochilodus scrofa exposed to copper, but
thrombocytes remained unchanged. Thrombocytes
are comparable to mammalian blood platelets and
function in blood clotting, and monocytes are the
precursors and function as macrophages (Takashima
and Hibiya 1995). It may be suggested that pesti-
cides trigger a rapid mobilization of the hemopoietic
system and fish adjust their blood clotting time by
increasing the amount of circulating thrombocytes
(Agrahari et al. 2006). A high number of these white
blood cells reduce the clotting time which can
prevent blood loss from hemorrhaging (Mazon et
al. 2002). Monocytes are active phagocytes and
ingest not only foreign materials, such as bacteria,
but also dead cells. It may be suggested that
monocytes migration in endosulfan exposed is due
to inflammatory processes in damage tissues.

A rise in blood glucose reflects a generalized stress
response to a variety of environmental conditions.
This has been also observed in P. lineatus exposed to
pesticides (Winkaler et al. 2007; Langiano and
Martinez 2008; Pereira Maduenho and Martinez
2008) and complex field conditions (Cazenave et al.
2009). Sastry and Siddiqui (1983) have reported
lower levels of glucose in C. punctatus after 30 days
of endosulfan exposure. It is likely that an increase in
time of exposure leads to changes in carbohydrates
metabolism or the use of another kind of substrates
for energy demands. The hyperglycemia is mostly
mediated by the action of cortisol which stimulates
liver gluconeogenesis and also halts peripheral sugar
uptake (Jobling 1995). However, studies in vivo have
demonstrated a decreased in plasma cortisol levels of
fish exposed to sublethal endosulfan concentrations
(Thangavel et al. 2010). In addition, Dorval et al.

(2003) observed the same results in head kidney cells
of endosulfan exposed rainbow trout. However, there
have been observed increases in blood glucose even
as cortisol secretion is impaired. Trenzado et al. (2003)
suggest that an increase in glucose may be attributed to
a different mechanism not linked to cortisol. To this
respect, it has been demonstrated that catecholamines
itself can increase sugar levels (Wagner et al. 2003).
Therefore, more studies are needed in order to explain
the mechanism that leads to an increase of glucose
levels induced by endosulfan.

In our study, plasma proteins fell significantly in both
endosulfan treatments, decreasing with increasing con-
centrations and exposure time. Similar results have been
reported in fish exposed to other agrochemicals (i.e.,
Glusczak et al. 2006; Sweilum 2006; John 2007).

Chemical toxic pollutants are important sources
of ROS in biological systems (Valavanidis et al.
2006). It has been shown that pesticides, in partic-
ular, alter the cellular redox balance by different
mechanisms (Franco et al. 2009). Some authors
suggest that endosulfan induces oxidative damage
via generation of ROS. When Saccharomyces cer-
evisiae cells were exposed to 250 μM of endosulfan,
ROS generation was increased to 410% compared
with untreated control, resulting in an increased of
LPO (Sohn et al. 2004). In addition, Tellez-Bañuelos
et al. (2009) reported an increase in ROS production,
phagocytosis, and LPO in macrophages of Nile
tilapia exposed to endosulfan. The excess of ROS
is scavenging by antioxidant enzymes to avoid
oxidative stress and cell injury. However, the
impairment of the antioxidant system, observed in
adrenocortical cells of rainbow trout exposed in vitro
to endosulfan, is likely to affect the capacity of cells
to defend themselves and respond to endosulfan-
induced oxidative stress (Dorval et al. 2003).

Significant increases in LPO were observed in
liver, intestine, and brain of P. lineatus exposed to
sublethal concentrations of endosulfan, while there
were no changes in gill LPO levels. Similarly,
Ballesteros et al. (2009b) found a LPO elevation in
the liver and brain of J. multidentata exposed to this
pesticide. Unlike our findings, they did not observe
changes in intestine LPO levels. P. lineatus is a
detritivorous fish with a complex digestive system
(Sverlij et al. 1993), which makes it a possible target
organ susceptible to oxidative stress. According to
Matés (2000), brain is especially sensitive to oxidative
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damage. In spite of the high rate of ROS production,
owing to high rate of oxidative metabolism and
abundance of polyunsaturated fatty acids in cell mem-
brane, brain has a relatively low antioxidant defense
system. On the other hand, exposure to endosulfan for
24 h increased LPO levels in liver, kidney, and gills ofC.
punctatus (Pandey et al. 2001; Atif et al. 2005). A
similar response was observed in liver of P. lineatus at
24 and 48 h of endosulfan exposure but only in the
lower concentration tested. An analogous trend was
found in gills, but without significant differences. The
different LPO response between both concentrations
may be related to the metabolical pathways and time
needed to activate the antioxidant system under
sublethal pesticide stress. However, more research is
required to understand the mechanisms involved in
endosulfan oxidative stress in P. lineatus.

In conclusion, sublethal endosulfan concentrations
alter hematological and oxidative stress parameters in P.
lineatus. Our results showed that there were changes in
blood composition mainly related to the immunologic
system and oxidative stress damage in vital organs
such as the liver and brain. Although these changes do
not lead to lethal outcome, it might compromise fish
ability to handle changing environmental situations and
infection agents. Despite the fact that the parameters
analyzed are nonspecific in their response to stressors,
our results reinforced their use as biomarkers of
chemical exposure. Summarizing, the present study
on the acute and sublethal toxicity in P. lineatus is
expected to be a useful tool for assessment of possible
risks to endosulfan and determination of water quality
criteria for control policies and conservation strategies
in neotropical regions.

Acknowledgments This work was supported by grants from
Agencia Nacional de Promoción Científica y Técnica (PICT-
1764), Consejo de Investigaciones Científicas y Técnicas (PIP-
11420090100178), and Universidad Nacional del Litoral
(CAI+D). We thank Wiener Lab for providing some kits for
analysis. Authors wish to thank to Regner, Lordi, and Creus for
their collaboration during field work.

References

Agrahari, S., Pandey, K. C., & Gopal, K. (2006). Effect of
monocrotophos on erythropoietic activity and hematolog-
ical parameters of the freshwater fish Channa punctatus
(Bloch). Bulletin of Environmental Contamination and
Toxicology, 76, 607–613.

Atif, F., Ali, M., Kaur, M., Rehman, H., & Raisuddin, S.
(2005). Modulatory effect of cadmium injection on
endosulfan-induced oxidative stress in the freshwater fish
Channa punctata Bloch. Bulletin of Environmental Con-
tamination and Toxicology, 74, 777–784.

Ballesteros, M. L., Bianchi, G. B., Carranza, M., & Bistoni, M.
A. (2007). Endosulfan acute toxicity and histomorpholog-
ical alterations in Jenynsia multidentata (Anablepidae,
Cyprinodontiformes). Journal of Environmental Science
and Health, 42B, 351–357.

Ballesteros, M. L., Durando, P. E., Nores, M. L., Díaz, M. P.,
Bistoni, M. A., & Wunderlin, D. A. (2009a). Endosulfan
induces changes in spontaneous swimming activity and
acetylcholinesterase activity of Jenynsia multidentata
(Anablepidae, Cyprinodontiformes). Environmental Pollu-
tion, 5, 17–43.

Ballesteros, M. L., Wunderlin, D. A., & Bistoni, M. A. (2009b).
Oxidative stress responses in different organs of Jenynsia
multidentata exposed to endosulfan. Ecotoxicology and
Environmental Safety, 72, 199–205.

Berntssen, M. H. G., Glover, C. N., Robb, D. H. F., Jakobsen,
J.-V., & Petri, D. (2008). Accumulation and elimination
kinetics of dietary endosulfan in Atlantic salmon (Salmo
salar). Aquatic Toxicology, 86, 104–111.

Bisson, M., & Hontela, A. (2002). Cytotoxic and endocrine-
disrupting potential of atrazine, diazinon, endosulfan, and
mancozeb in adrenocortical steroidogenic cells of rainbow
trout exposed in vitro. Toxicology and Applied Pharma-
cology, 180, 110–117.

Bradford, M. M. (1976). A rapid and sensitive method for the
quantification of microgram quantities of proteins utilizing
the principle of protein-dye binding. Analytical Biochem-
istry, 72, 248–254.

Buhl, K. J. (1997). Relative sensitivity of three endangered
fishes, Colorado squawfish, bonytail, razorback sucker, to
selected metal pollutants. Ecotoxicology and Environmen-
tal Safety, 37, 186–192.

Camargo, M. M. P., & Martinez, C. B. R. (2006). Biochemical
and physiological biomarkers in Prochilodus lineatus
submitted to in situ tests in an urban stream in southern
Brazil. Environmental Toxicology and Pharmacology, 21,
61–69.

Capkin, E., Altinok, I., & Karahan, S. (2006). Water quality and
fish size affect toxicity of endosulfan, an organochlorine
pesticide, to rainbow trout. Chemosphere, 64, 1793–1800.

Carriger, J. F., Hoang, T. C., & Rand, G. M. (2009). Survival
time analysis of least killifish (Heterandria formosa) and
mosquitofish (Gambusia affinis) in acute exposures to
endosulfan sulfate. Archives of Environmental Contami-
nation and Toxicology, 58, 1015–1022. doi:10.1007/
s00244-009-9415-7.

Carvalho, C. S., & Fernandes, M. N. (2008). Effect of copper
on liver key enzymes of anaerobic glucose metabolism
from freshwater tropical fish Prochilodus lineatus. Com-
parative Biochemistry and Physiology, 151A, 437–442.

Cavalcante, D. G. S. M., Martinez, C. B. R., & Sofia, S. H.
(2008). Genotoxic effects of Roundup® on the fish
Prochilodus lineatus. Mutation Research, 655, 41–46.

Cazenave, J., Bacchetta, C., Parma, M. J., Scarabotti, P. A., &
Wunderlin, D. A. (2009). Multiple biomarkers responses
in Prochilodus lineatus allowed assessing changes in the

46 Water Air Soil Pollut (2011) 216:39–49

http://dx.doi.org/10.1007/s00244-009-9415-7
http://dx.doi.org/10.1007/s00244-009-9415-7


water quality of Salado River basin (Santa Fe, Argentina).
Environmental Pollution, 157, 3025–3033.

Chambers, J. H., & Carr, R. L. (1995). Biochemical mecha-
nisms contributing to species differences in insecticidal
toxicity. Toxicology, 105, 291–304.

Coimbra, A. M., Reis-Henriques, M. A., & Darras, V. M.
(2005). Circulating thyroid hormone levels and iodothyr-
onine deiodinase activities in Nile tilapia (Oreochromis
niloticus) following dietary exposure to Endosulfan and
Aroclor 1254. Comparative Biochemistry and Physiology,
141C, 8–14.

Crestani, M., Menezes, C., Glusczak, L., dos Santos Miron, D.,
Spanevello, R., Silveira, A., et al. (2007). Effect of
clomazone herbicide on biochemical and histological
aspects of silver catfish (Rhamdia quelen) and recovery
pattern. Chemosphere, 67, 2305–2311.

Dorval, J., Leblond, V. S., & Hontela, A. (2003). Oxidative
stress and loss of cortisol secretion in adrenocortical cells
of rainbow trout (Oncorhynchus mykiss) exposed in vitro
to endosulfan, an organochlorine pesticide. Aquatic Toxi-
cology, 63, 229–241.

Dutta, H. M., & Arends, D. A. (2003). Effects of endosulfan on
brain acetylcholinesterase activity in juvenile bluegill
sunfish. Environmental Research, 91, 157–162.

Fatima, M., Ahmad, I., Sayeed, I., Athar, M., & Raisuddin, S.
(2000). Pollutant-induced over-activation of phagocytes is
concomitantly associated with peroxidative damage in fish
tissues. Aquatic Toxicology, 49, 243–250.

Franco, R., Sánchez-Olea, R., Reyes-Reyes, E. M., &
Panayiotidis, M. I. (2009). Environmental toxicity,
oxidative stress and apoptosis: Ménage à Trois. Mutation
Research, 674, 3–22.

Girón-Pérez, M. I., Montes-López, M., García-Ramírez, L. A.,
Romero-Bañuelos, C. A., & Robledo-Marenco, M. L.
(2008). Effect of sub-lethal concentrations of endosulfan
on phagocytic and hematological parameters in Nile tilapia
(Oreochromis niloticus). Bulletin of Environmental Con-
tamination and Toxicology, 80, 266–269.

Glover, C. N., Petri, D., Tollefsen, K.-E., Jørum, N., Handy, R.
D., & Berntssen, M. H. G. (2007). Assessing the
sensitivity of Atlantic salmon (Salmo salar) to dietary
endosulfan exposure using tissue biochemistry and histol-
ogy. Aquatic Toxicology, 84, 346–355.

Glusczak, L., dos Santos Miron, D., Crestani, M., Braga de
Fonseca, M., de Araújo Pedron, F., Frescura Duarte, M., et
al. (2006). Effect of glyphosate herbicide on acetylcholin-
esterase activity and metabolic and hematological param-
eters in piava (Leporinus obtusidens). Ecotoxicology and
Environmental Safety, 65, 48–55.

Handy, R. D., & Depledge, M. H. (1999). Physiological
responses: Their measurement and use as environmental
biomarkers in Ecotoxicology. Ecotoxicology, 8, 329–349.

Harford, A. J., O’Halloran, K., & Wright, P. F. A. (2005). The
effects of in vitro pesticide exposure on the phagocytic
function of four Australian freshwater fish. Aquatic
Toxicology, 75, 330–342.

Hii, Y. S., Yee, L. M., & Seng, C. T. (2007). Acute toxicity of
organochlorine insecticide endosulfan and its effect on
behavior and some hematological parameters of Asian
swamp eel (Monopterus albus, Zuiew). Pesticide Bio-
chemistry and Physiology, 89, 46–53.

Houston, A. H. (1990). Blood and circulation. In C. B. Schreck
& P. B. Moyle (Eds.), Methods for fish biology (pp. 273–
334). Bethesda: American Fisheries Society.

Jobling, M. (1995). Fish bioenergetics. London: Chapman & Hall.
John, P. J. (2007). Alteration of certain blood parameters of

freshwater teleost Mystus vittatus after chronic exposure to
Metasystox and Sevin. Fish Physiology and Biochemistry,
33, 15–20.

Jonsson, C. M., & Toledo, M. C. F. (1993). Acute toxicity of
endosulfan to the fish Hyphessobrycon bifasciatus and
Brachydanio rerio. Archives of Environmental Contami-
nation and Toxicology, 24, 151–155.

Kelly, S. A., Havrilla, C. M., Brady, T. C., Harris Abramo, K., &
Levin, E. D. (1998). Oxidative stress in toxicology:
Established mammalian and emerging piscine model sys-
tems. Environmental Health Perspectives, 106, 375–384.

Kohen, R., & Nyska, A. (2002). Oxidation of biological
systems: Oxidative stress phenomena, antioxidants, redox
reactions, and methods for their quantification. Toxicologic
Pathology, 30, 620–650.

Langiano, V. C., & Martinez, C. B. R. (2008). Toxicity and
effects of a glyphosate-based herbicide on the Neotropical
fish Prochilodus lineatus. Comparative Biochemistry and
Physiology, 147C, 222–231.

Lee, H.-K., Moon, J.-K., Chang, C.-H., Choi, H., Park, H.-W.,
Park, B.-S., et al. (2006). Stereoselective metabolism of
endosulfan by human liver microsomes and human
cytochrome P450 isoforms. Drug Metabolism and Dispo-
sition, 34, 1090–1095.

Leatherland, J. F., Ballantyne, J. S., & Van Der Kraak, G.
(1998). Diagnostic assessment of non-infectious disorders
of captive and wild fish populations and the use of fish as
sentinel organisms for environmental studies. In J. F.
Leatherland & P. T. K. Woo (Eds.), Fish diseases and
disorders Vol 2: Non-infectious disorders (pp. 335–366).
Bristol: CABI.

Lecklin, T., Tuominen, A., & Nikinmaa, M. (2000). The
adrenergic volume changes of immature and mature
rainbow trout (Oncorhynchus mykiss) erythrocytes. The
Journal of Experimental Biology, 203, 3025–3031.

Magesh, S., & Kumaraguru, A. K. (2006). Acute toxicity of
endosulfan to the milkfish, Chanos chanos, of the
southeast coast of India. Bulletin of Environmental
Contamination and Toxicology, 76, 622–628.

Matés, J. M. (2000). Effects of antioxidant enzymes in the
molecular control of reactive oxygen species toxicology.
Toxicology, 153, 83–104.

Mazon, A. F., Monteiro, E. A. S., Pinheiro, G. H. D., &
Fernandes, M. N. (2002). Hematological and physiological
changes induced by short-term exposure to Cooper in the
freshwater fish, Prochilodus scrofa. Brazilian Journal of
Biology, 62, 621–631.

Mishra, R., & Schukla, S. P. (1994). Effects of endosulfan on
bioenergetic properties of liver mitochondria from fresh-
water catfish Clarias batrachus. Pesticide Biochemistry
and Physiology, 50, 240–246.

Monserrat, J. M., Martínez, P. E., Geracitano, L. A., Amado, L.
L., Martinez Gaspar Martins, C., Pinho, G. L. L., et al.
(2007). Pollution biomarkers in estuarine animals: Critical
review and new perspectives. Comparative Biochemistry
and Physiology, 146C, 221–234.

Water Air Soil Pollut (2011) 216:39–49 47



Naqvi, S. M., & Vaishnavi, C. (1993). Bioaccumulative
potential and toxicity of endosulfan insecticide to non-
target animals. Comparative Biochemistry and Physiology,
105C, 347–361.

Niimi, A. J. (1990). Review of biochemical methods and other
indicators to assess fish health in aquatic ecosystems
containing toxic chemicals. Journal of Great Lakes
Research, 16, 529–541.

Nowak, B. (1996). Relationship between endosulfan residue
level and ultrastructural changes in liver of catfish,
Tandanus tandanus. Archives of Environmental Contami-
nation and Toxicology, 30, 195–202.

Oakes, K. D., McMaster, M. E., & Van Der Kraak, G. J.
(2004). Oxidative stress response in longnose sucker
(Catostomus catostomus) exposed to pulp and paper mill
and municipal sewage effluents. Aquatic Toxicology, 67,
255–271.

OECD (Organization for Economic Cooperation and Develop-
ment). (1992). Guideline for the testing of chemicals: Fish,
acute toxicity test, N° 203. Paris: OECD.

Páliková, M., Mareš, J., & Jirásek, J. (1999). Characteristics of
leukocytes and thrombocytes of selected sturgeon species
from intensive breeding. Acta Veterinaria Brunensis, 68,
259–264.

Pandey, S., Parvez, A. S., Bin-Hafeez, B., Haque, R., &
Raisuddin, S. (2001). Effect of endosulfan on antioxidants
of freshwater fish Channa punctatus Bloch: 1. Protection
against lipid peroxidation in liver by cooper preexposure.
Archives of Environmental Contamination and Toxicology,
41, 345–352.

Pandey, S., Nagpure, N. S., Kumar, R., Sharma, S., Srivastava,
S. K., & Verma, M. S. (2006). Genotoxicity evaluation of
acute doses of endosulfan to freshwater teleost Channa
punctatus (Bloch) by alkaline single-cell gel electrophore-
sis. Ecotoxicology and Environmental Safety, 65, 56–61.

Parma de Croux, M. J. (1990). Benzocaine (ethyl-p-amino-
benzoate) as an anaesthetic for Prochilodus lineatus,
Valenciennes (Pisces, Curimatidae). Journal of Applied
Ichthyology, 6, 189–192.

Parma de Croux, M. J. (1994). Some hematological parameters
in Prochilodus lineatus (Pisces, Curimatidae). Revue
d’Hydrobiologie tropicale, 27, 113–119.

Parma, M. J., Loteste, A., Campana, M., & Bacchetta, C.
(2007). Changes of hematological parameters in Prochi-
lodus lineatus (Pisces, Prochilodontidae) exposed to
sublethal concentration of cypermethrin. Journal of Envi-
ronmental Biology, 28, 147–149.

Pereira Maduenho, L., & Martinez, C. B. R. (2008). Acute
effects of diflubenzuron on the fish Prochilodus
lineatus. Comparative Biochemistry and Physiology,
148C, 265–272.

Petri, D., Glover, C. N., Ylving, S., Kolås, K., Fremmersvik,
G., Waagbø, R., et al. (2006). Sensitivity of Atlantic
salmon (Salmo salar) to dietary endosulfan as assessed by
hematology, blood biochemistry, and growth parameters.
Aquatic Toxicology, 80, 207–216.

Ranzani-Paiva, M. J. T., Rodriguez, E. L., Veiga, M. L., Eiras,
A. C., & Campos, B. E. S. (2003). Differential leukocyte
counts in “dourado”, Salminus maxillosus Valenciennes,
184, from the Mogi-Guaçu river, Pirassununga, SP.
Brazilian Journal of Biology, 63, 517–525.

Rossi, L., Cordiviola, E., & Parma, M. J. (2007). Fishes. In M.
H. Iriondo, J. C. Paggi, & M. J. Parma (Eds.), The middle
Paraná River. Limnology of a subtropical wetland
(pp. 305–321). Berlin: Springer.

Reichenbach-Klinke, H. H. (1980). Enfermedades de los peces.
Zaragoza: Acribia.

Roberts, R. J. (1981). Patología de los peces. Madrid:
Mundiprensa.

Sastry, K. V., & Siddiqui, A. A. (1983). Metabolic changes in
the snake head fish Channa punctatus chronically exposed
to endosulfan. Water, Air, and Soil Pollution, 19, 133–141.

Shafiq-ur-Rehman (2006). Endosulfan toxicity and its reduction
by selenium: A behavioral, hematological and peroxida-
tive stress evaluation. The Internet Journal of Toxicology,
3(1). www.ispub.com/journal/the-internet-journal-of-
toxicology/volume-3-number-1-55.html

Silva, C., Boia, C., Valente, J., & Borrego, C. (2005). Pesticides
in Esteros del Ibera (AR): Evaluation of impacts and
proposal of guidelines for water quality protection.
Ecological Modelling, 186, 85–97.

Simonato, J. D., Guedes, C. L. B., & Martinez, C. B. R. (2008).
Biochemical, physiological, and histological changes in
the neotropical fish Prochilodus lineatus exposed to diesel
oil. Ecotoxicology and Environmental Safety, 69, 112–120.

Sohn, H.-S., Kwon, C.-S., Kwon, G.-S., Lee, J.-B., & Kim, E.
(2004). Induction of oxidative stress by endosulfan and
protective effect of lipid-soluble antioxidants against
endosulfan-induced oxidative damage. Toxicology Letters,
151, 357–365.

Soivio, A., & Nikinmaa, M. (1981). The swelling of eryth-
rocytes in relation to the oxygen affinity of the blood of
the rainbow trout, Salmo gairdneri Richardson. In A. D.
Pickering (Ed.), Stress and fish (pp. 103–118). London:
Academic.

Sverlij, S. B., Espinach Ros, A., & Orti, G. (1993). Sinopsis de
los datos biológicos y pesqueros del sábalo Prochilodus
lineatus (Valenciennes, 1847). FAO Sinopsis sobre la
pesca N° 154, Roma.

Sweilum, M. A. (2006). Effect of sublethal toxicity of some
pesticides on growth parameters, hematological properties
and total production of Nile tilapia (Oreochromis niloticus
L.) and water quality ponds. Aquaculture Research, 37,
1079–1089.

Takashima, F., & Hibiya, T. (1995). An atlas of fish histology.
Normal and pathological features (2nd ed.). Tokyo:
Kondansha.

Tavares-Dias, M., & de Moraes, F. R. (2007). Leukocyte
and thrombocyte reference values for channel catfish
(Ictalurus punctatus Raf), with an assessment of mor-
phologic, cytochemical, and ultrastructural features.
Veterinary Clinical Pathology, 36, 49–54.

Thangavel, P., Sumathiral, K., Maheswari, S., Rita, S., &
Ramaswamy, M. (2010). Hormone profile of an edible,
freshwater teleost, Sarotherodon mossambicus (Peters)
under endosulfan toxicity. Pesticide Biochemistry and
Physiology. doi:10.1016/j.pestbp.2010.03.001.

Tellez-Bañuelos, M. C., Santerre, A., Casas-Solis, J., Bravo-
Cuellar, A., & Zaitseva, G. (2009). Oxidative stress in
macrophages from spleen of Nile tilapia (Oreochromis
niloticus) exposed to sublethal concentration of endosul-
fan. Fish & Shellfish Immunology, 27, 105–111.

48 Water Air Soil Pollut (2011) 216:39–49

http://www.ispub.com/journal/the-internet-journal-of-toxicology/volume-3-number-1-55.html
http://www.ispub.com/journal/the-internet-journal-of-toxicology/volume-3-number-1-55.html
http://dx.doi.org/10.1016/j.pestbp.2010.03.001


Trenzado, C. E., Carrick, T. R., & Pottinger, T. G. (2003).
Divergence of endocrine and metabolic responses to stress
in two rainbow trout lines selected for differing cortisol
responsiveness to stress. General and Comparative Endo-
crinology, 133, 332–340.

US EPA (United States Environmental Protection Agency).
(1989). Method 508: Determination of chlorinated pesti-
cides in water by gas chromatography with an electron
capture detector. Cincinnati: National Exposure Research
Laboratory Office of Research and Development US EPA.

US EPA (1992). Probit analysis program used for calculating
LC/EC values. Version 1.5. Cincinnati: Ecological Moni-
toring Research Division, Environmental Monitoring
Systems Laboratory US EPA.

US EPA (2002). Reregistration eligibility decision (RED)
document for endosulfan. N° 738-F-02-012. Washington,
DC: Office of the Pesticide Programs (OPP), US EPA.

Valavanidis, A., Vlahogianni, T., Dassenakis, M., & Scoullos, M.
(2006). Molecular biomarkers of oxidative stress in aquatic
organisms in relation to toxic environmental pollutants.
Ecotoxicology and Environmental Safety, 64, 178–189.

Van der Oost, R., Beyer, J., & Vermeulen, N. P. E. (2003). Fish
bioaccumulation and biomarkers in environmental risk
assessment: A review. Environmental Toxicology and
Pharmacology, 13, 57–149.

Vanzella, T. P., Martinez, C. B. R., & Cólus, I. M. S. (2007).
Genotoxic and mutagenic effects of diesel oil water
soluble fraction on a neotropical fish species. Mutation
Research, 631, 36–43.

Velisek, J., Svobodova, Z., & Piackova, V. (2009). Effects of acute
exposure to bifenthrin on some haematological, biochemical
and histopathological parameters of rainbow trout (Oncor-
rhynchus mykiss). Veterinární Medicína, 54, 131–137.

Vittozzi, L., & De Angelis, G. (1991). A critical review of
comparative acute toxicity data on freshwater fish. Aquatic
Toxicology, 19, 167–204.

Wagner, G. N., Singer, T. D., & McKinley, R. S. (2003). The
ability of clove oil and MS-222 to minimize handling
stress in rainbow trout (Oncorhynchus mykiss Walbaum).
Aquaculture Research, 34, 1139–1146.

Wan, M. T., Kuo, J.-N., Buday, C., Schroeder, G., Van
Aggelen, G., & Pasternak, J. (2005). Toxicity of α-, β-,
(α + β)-endosulfan and their formulated and degradation
products to Daphnia magna, Hyalella azteca, Oncorhyn-
chus mykiss, Oncorhynchus kitsutch, and biological
implications in streams. Environmental Toxicology and
Chemistry, 24, 1146–1154.

Weber, J., Halsall, C. J., Teixeira, C., Small, J., Solomon,
K., Hermanson, M., et al. (2009). Endosulfan, a global
pesticide: A review of its fate in the environment and
occurrence in the Arctic. The Science of the Total
Environment, 408, 2966–2984. doi:10.1016/j.scitotenv.
2009.10.077.

Winkaler, E. U., Santos, T. R. M., Machado-Neto, J. G., &
Martinez, C. B. R. (2007). Acute lethal and sublethal
effects of neem leaf extract on the neotropical freshwater
fish Prochilodus lineatus. Comparative Biochemistry and
Physiology, 145C, 236–244.

Winston, G. W., & Di Giulio, R. T. (1991). Prooxidant and
antioxidant mechanisms in aquatic organisms. Aquatic
Toxicology, 19, 137–161.

Zhang, X., Yang, F., Zhang, X., Xu, Y., Liao, T., Song, S., et al.
(2008). Induction of hepatic enzymes and oxidative stress
in Chinese rare minnow (Gobiocypris rarus) exposed to
waterborne hexabromocyclododecane (HBCDD). Aquatic
Toxicology, 86, 4–11.

Water Air Soil Pollut (2011) 216:39–49 49

http://dx.doi.org/10.1016/j.scitotenv.2009.10.077
http://dx.doi.org/10.1016/j.scitotenv.2009.10.077

	Responses of Biochemical Markers in the Fish Prochilodus lineatus Exposed to a Commercial Formulation of Endosulfan
	Abstract
	Introduction
	Materials and Methods
	Experimental Design
	Hematological Parameters
	Lipid Peroxidation
	Statistical Analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


