Evaluation of the Health Status of the
Silverside (Odontesthes bonariensis) at a
RAMSAR Site in South America

M. L. Ballesteros, A. C. Hued,
M. Gonzalez, K. S. B. Miglioranza &

M. A. Bistoni

Bulletin of Environmental

Contamination and Toxicology

ISSN 0007-4861

Bull Environ Contam Toxicol
DOI 10.1007/s00128-017-2055-0

Environme
C‘.ontamlna\.

Volume S8 Number 1 January 2017

EDITORIAL
Editor’s Note

C.J. Schmitr 1
FOCUSED REVIEW

A Review of Or Esters in the
from Biological Effects to Distribution and Fate
AK. Greaves - R.J. Leicher 2

ORIGINAL PAPERS

Domoic Acid Poisoning as a Possible Cause of Seasonal
Cetacean Mass Stranding Events in Tasmania, Australia
S.M. Bengtson Nash - M.C. Baddock - E. Takahashi -
A.Dawson - R, Cropp 8

Persistent Mercury Contamination in Shooting Range
Soils: The Legacy from Former Primers
M. Stauffer - A. Pignolet - J.A. Corcho Alvarado 14

Application of Biotic Ligand Model in Predicting
Copper Acute Toxicity to Carp (Cyprinidae)
‘W. Wang - Q. Liang - J. Zhao - R. Chen 22

Potential of the Biotic Ligand Model (BLM)

to Predict Copper Toxicity in the White-Water

of the Solimaes-Amazon River

G.D. Pont - EX.V. Domingos - M. Fernandes-de-Castilho -
AL Val 27

Biochemical and Histopathological Changes Induced
by Nickel in the Striped Mullet, Mugil cephalus
(Linnaeus 1758)

A. Nagarjuna - D. Mohan 33

Contents continued on back cover

Partial Gene of CYPIA, V and
ionein in i ia yucatana

and Gambusia sexradiata

R, Viizquez-Eudn - K.S. Escalante-Herrera

G. Rodriguez-Fuentes 41

Multi-Biomarker Responses After Exposure to Pollution
in the Mediterranean Mussels (Myfilus galloprovincialis L.)
in the Aegean Coast of Turkey

D, Ozkan + M. Dagdeviren - 8. Katalay - A, Guner -
N.ULK. Yavasoglu 46

A Cautionary Note: Ceriodaphnia dubia
Inter-Laboratory Test Variability
L. Pacholski - P. Chapman - A. Hood - M. Peters 53

Do Varying Aquatic Plant Species Affect Phytoplankton
and € to a Nitrog thrin
Mixture?

R.E. Lizotte Jr - M.T. Moore 58

Polychlorinated Biphenyl Bioaccumulation Patterns
Among Lake Erie Lower Trophic Level Consumers
Reflect Species Ecologies

LA, Pitt - K.G. Drouillard - G. Paterson 65

Bioaccumulation of PCBs in a Wild North
American Felid
E. Boyles - C.K. Nielsen 71

Characteristics, Sources and Health Risk
Assessment of Trace Metals in PMy, in Panzhihua,
China

X, Cheng - Y, Huang - Z. Long - 8, Ni - Z. Shi -
C.Zhang 76

128 BECTAG 98(1) 1146 (2017) ISSN 0007-4861

@ Springer

To visit Springer on the Web:
hitp:/fwww.springer.com

To e-mail the journal:
beci@springer.com

Springer




Your article is protected by copyright and all
rights are held exclusively by Springer Science
+Business Media New York. This e-offprint is
for personal use only and shall not be self-
archived in electronic repositories. If you wish
to self-archive your article, please use the
accepted manuscript version for posting on
your own website. You may further deposit
the accepted manuscript version in any
repository, provided it is only made publicly
available 12 months after official publication
or later and provided acknowledgement is
given to the original source of publication

and a link is inserted to the published article
on Springer's website. The link must be
accompanied by the following text: "The final
publication is available at link.springer.com”.

@ Springer



Bull Environ Contam Toxicol
DOI 10.1007/s00128-017-2055-0

@ CrossMark

Evaluation of the Health Status of the Silverside (Odontesthes
bonariensis) at a RAMSAR Site in South America

M. L. Ballesteros' - A. C. Hued! - M. Gonzalez’ - K. S. B. Miglioranza? - M. A. Bistoni'

Received: 26 December 2016 / Accepted: 24 February 2017
© Springer Science+Business Media New York 2017

Abstract The objective of this work was to evaluate
the health status of an economic and ecologically impor-
tant fish species from Mar Chiquita Lake, a RAMSAR
site located in Cordoba, Argentina, relative to the levels of
selected persistent organic pollutants (POPs) in lake water
and fish tissues. Odontesthes bonariensis was used as a
model species, and its health was estimated by means of
histological indices in gills and liver. Sampling was per-
formed according to rainy and dry seasons (i.e. dry, rainy
and post-rainy). Gill and liver histopathology were evalu-
ated by semi-quantitative indices and morphometric analy-
sis. Although epithelial lifting in gills and lipid degenera-
tion in liver were frequently registered, they are considered
as reversible if environmental conditions improve. During
rainy and post-rainy seasons fish presented significantly
higher scores of liver and total indices. These higher index
scores were correlated with increased levels of POPs in gill
and liver tissue. Therefore, preventive measures are needed
to mitigate the entry of these compounds into the lake.
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Wetlands are among the most important ecosystems and
many of their functions (e.g. nutrient cycling, sediment
retention, flood control, etc.) are considered as important
ecosystem services for humans (Mitsch and Gosselink
2000). Mar Chiquita Lake is the biggest saline lake of
South America. It has belonged to the Western Hemisphere
Shorebird Reserve Network since 1993 and was declared a
RAMSAR site (wetlands with international importance by
RAMSAR Convention) in 2002. It is a legally protected
environment, with three endorheic rivers discharging into
it: Suquia, Xanaes and Dulce Rivers. The occurrence of
a great variety of contaminants in the water phase (up to
100 ng/L) such as atrazine, a endosulfan, 3 endosulfan,
chlorpyrifos, polychlorinated biphenyls, polybrominated
diphenyl ethers and heavy metals have been reported in
the Suquia River Basin (Monferrdn et al. 2011; Bonan-
sea et al. 2013; Ballesteros et al. 2014). The exposure to
these compounds is frequently associated with many del-
eterious effects in the biota, at different levels of biologi-
cal organization including histological effects in fish after
acute and chronic exposure (Ballesteros et al. 2007; Rau-
tenberg et al. 2014). In this sense, histological alterations
have been widely used to detect contaminant induced
effects (Stentiford et al. 2003). Semi-quantitative histo-
pathological methods provide more sensitive and useful
insights than descriptive histology alone because they take
into account the frequency and the biological importance
of alterations (Bernet et al. 1999). Fish are considered as
suitable indicators for environmental pollution biomonitor-
ing as they can absorb and concentrate pollutants in differ-
ent tissues depending on the exposure route (either water or
diet). They also enable the assessment of potential pollut-
ant transfer through the trophic food web (Fisk et al. 2001;
Boon et al. 2002; Erdogrul et al. 2005).
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The silverside Odontesthes bonariensis (Atheriniformes,
Atherinopsidae) has been widely used as a model species
under field and laboratory conditions (Cazenave et al. 2005;
Carriquiriborde et al. 2009). In a previous work we exam-
ined the occurrence and distribution of persistent organic
pollutants (POPs) in water, sediments, suspended particu-
late matter and silversides from Mar Chiquita (Ballesteros
et al. 2014). It was thereby uncovered, that during the post-
rainy season the levels of polychlorinated biphenyls (PCBs)
in muscle were above the acceptable daily intake for 70 kg
(ATSDR 2000). Also the levels of hexachlorocyclohexanes
(y HCH mainly) in water and sediments exceeded the regu-
latory acceptable levels (Subsecretaria de Recursos Hidri-
cos 2005). However, no evaluation on the adverse effects
of POPs on aquatic organisms was performed. Therefore,
in the present work our main goal was to evaluate possible
histological effects in O. bonariensis relative to measured
levels of POPs in the water and fish from the Mar Chiquita
Lake RAMSAR site.

Materials and Methods

Mar Chiquita Lake (30-30°55'S y 62-63'W) is a hyper-
saline shallow lake (salinity>35 g L~') with a surface
of 5770 m?, located 150 km northeast of Cordoba City
(Argentina) (Fig. 1). Two monitoring stations were selected
at the south coast of the lake: 1- Laguna del Plata (LP, S
30° 50" 09.6"/W62° 53" 21.6"), close to Suquia River
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Fig. 1 Study area and location of sampling sites in Mar Chiquita
Lake
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mouth, where many kind of contaminants (agricultural and/
or industrial) reach the lake and 2- Campo Mare (CM, S
30° 48' 49.4"/W 62° 52' 02.8") where the soybean fields
extend to the shore of the lake. Three samplings over 1 year
were carried out at each station during 2008, covering dry
(September), rainy (March) and post-rainy (May) seasons.
Individuals of O. bonariensis (n=15) were sampled
simultaneously with the sampling of water, sediments and
suspended particulate matter for screening of POPs (data
previously reported in Ballesteros et al. 2014). Fish were
collected following standard fishing procedures using a
seine net (25 m length, 1.2 height, 15 mm mesh at both
sides and 6 mm in the middle). After collecting, fish were
killed immediately by transecting the spinal cord. This
experimental procedure was approved by the Commit-
tee on Animal Bioethics and Welfare Consejo Nacional
de Investigaciones Cientificas y Técnicas (CONICET,
2005, Res 1047). Fish were transported to the laboratory
in ice and stored in buffered 10% formaldehyde solution
using monobasic (0.03 M) and dibasic (0.05 M) sodium
phosphate to reach pH 7. Once in the laboratory, each
fish was weighed individually (mean=20.2+3.7 g, accu-
racy =0.0001 g) and the standard length measured as fol-
lows: the distance from the tip of the longest jaw to the
end of caudal peduncle (mean=114.6+7.4 mm, accu-
racy=0.5 mm). The Fulton condition factor [K= (total
weight X 100,000)/total length3] and the liver somatic
index [LSI= (liver weight X 100)/total weight] were also
calculated (Van der Oost et al. 2003). Afterwards, individ-
uals were dissected and gills (GLS, second gill arch) and
liver (LVR) removed for histological preparations. Sam-
ples were stained with Hematoxylin-Eosyn (H&E). Tissue
lesions were examined with a light microscope and photo-
graphed with a digital camera (Panasonic®, Model DMC-
FH20, Xiamen, China). The observation of the slides were
carried out using a blind approach in order to avoid any
bias during the quantification process. Digital images were
analyzed through the Image J software 1.44p (Rasband,
1997-2012). The histological characteristics of each organ
were analyzed through the application of semi-quantitative
indices for gills (I, ) and liver (I;yg) proposed by Bernet
et al. (1999) with modifications as suggested by Rautenberg
et al. (2014). Briefly, in order to calculate those indices,
alterations were classified into four major reaction patterns
(RP): RP1, circulatory disturbances (GLS: hemorrhage,
aneurysm, edema; LVR: dilatation of sinusoids, vascular
congestion, hemorrhage), RP2, regressive (GLS: epithe-
lial lifting, lamellar disorganization and shortening; LVR:
vacuolar degeneration, nuclear alteration, fibrosis, necro-
sis), RP3, progressive (cell hypertrophy and hyperplasia)
and RP4, inflammatory changes (leukocyte infiltration).
Since the relevance of a lesion depends on its pathological
importance, an Importance Factor (W) (ranging from 1 to
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3) was assigned to each alteration. A high importance fac-
tor represents a greater potential of an alteration to impact
fish health (Bernet et al. 1999).

For each organ, the percentage of gill filaments or liver
areas affected were assessed using a score ranging from 0
to 8, according the degree and extension for a particular
alteration: 0- unchanged; 2- mild occurrence; 4- moderate
occurrence; and 6- severe occurrence and 8-very severe
occurrence. The importance factors and the score values
were multiplied to give an index for a particular alteration.
Then, they were summed to give an index for each reaction
pattern (reaction pattern index for an organ). The indices
for each reaction pattern of an organ were summed to give
an overall organ index (I ¢= gill histopathological index;
I; yg= liver histopathological index). In order to determine
the overall health status based on the histological lesions, a
total histopathological index (I;y;) was calculated by adding
up gills and liver indices of an individual fish (Bernet et al.
1999). The higher the index values, the more severely the
organs were affected.

Morphometric analyses of GLS were performed fol-
lowing Nero et al. (2006), with modifications according
to Hued et al. (2012). Briefly, ten secondary lamellae of
five primary filaments were randomly selected and pho-
tographed for each fish. Then, secondary lamellae length
(SLL), width (SLW), interlamellar distance (ID), and basal
epithelial thickness (BET) were measured. In order to eval-
uate the gills functionality for gas exchange, the propor-
tion of the secondary lamellae available for gas exchange
(PAGE) was calculated as: PAGE (%)= 100*[mean SLL/
(mean BET + mean SLL)]; another index was calculated as
a function of lamellae width: PAGE,(%)=100*[mean ID/
(mean ID + mean SLW)]; and finally, an integrative PAGE:
PAGE; (%)=(PAGE * PAGEy,)/100 was considered. The
last two PAGE indices were proposed by (Maggioni et al.
2012).

With the purpose of assessing possible relationships
between POP levels and histological indices, data for dif-
ferent groups of POPs that were accumulated by O. bon-
ariensis (n=35) in GLS and LVR, and the levels in water
samples, were taken from Ballesteros et al. (2014). These
groups were (a) XOCPs (organochlorine pesticides, as the
sum of endosulfans, DDTs-dichlorodiphenyltrichloro-
ethane, HCHs-hexachlorocyclohexanes) and (b) ZPCBs
(polychlorinated biphenyls) + ZPBDEs (polybrominated
diphenyl ethers), indicating pollution from agricultural and
industrial activities, respectively.

Statistical analyses were carried out using the Infos-
tat Software Package (Di Rienzo et al. 2016). Differences
among sampling periods or between sampling stations
were assessed by a one way analysis of variance (ANOVA),
followed by the Student Newman Keuls (SNK) multiple
comparison test. When parametric assumptions were not

fulfilled, the Kruskal-Wallis followed by the multi-com-
parison Dunn’s tests were used. Significance level was set
at o =0.05. Because of the absence of significant differ-
ences between sampling stations, all the following analyses
were carried out to evaluate differences among sampling
seasons. Also, two multivariate analysis were carried out.
First, in order to establish possible correlations among
POPs levels in GLS, LVR and water, histological indices,
and gill morphometrics a canonical correlation analysis
was carried out. Secondly, a discriminant analysis was per-
formed with the purpose of elucidating which combination
of single variables (POP levels in GLS, LVR and water,
histological indices, and gills morphometrics) measured
in fish could discriminate among groups of interest (in this
case sampling seasons).

Results and Discussion

Because none of the selected variables in this work showed
differences between the two sampling stations (p>0.05),
all data were grouped in order to assess for differences
among sampling periods (i.e. dry, rainy and post-rainy sea-
sons). The absence of significant differences in the accu-
mulation of POPs in fish between sites is coincident with
a previous work (Ballesteros et al. 2014) where the levels
of POPs in the abiotic matrices (water, sediments and sus-
pended particulate matter) in the sampling stations were
not significantly different. As it is well known, most of
these contaminants were forbidden decades ago with the
exception of the pesticide endosulfan that was still being
used during the rainy season at the time of this study. Like-
wise, in that previous work, the authors registered the pres-
ence of POPs in the stomach content of the silverside and
they did not find significant differences between sampling
stations. Finally, the high mobility of silverside, should
be considered. Although the displacements of this species
in Mar Chiquita Lake is still unknown, Bucher and Etch-
egoin (2006) pointed out that larger specimens were cap-
tured on the center of the lake during the non-reproductive
season and they appeared on the shore of the lake during
the spawning season, suggesting displacements of this
species in the lake. Furthermore, the anatomy of this spe-
cies (a compressed and elongated body with high pectoral
fins located right behind the head), is associated with high
mobility and speed (Ringuelet et al. 1967).

When the levels of POPs were analyzed according to
season, significantly higher XOCPs and Total POPs were
measured in the post-rainy period compared with the other
seasons, whereas industrial XPCBs+PBDEs were not
significantly different (Table 1). During the rainy season,
contaminants enter the lake through many routes such as
atmospheric deposition, aerial spraying, surface runoff

@ Springer
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Table 1 Mean levels of POPs (ng g wet wt™") in gills and liver of O.
bonariensis and water (ng L™ ') from Mar Chiquita Lake

Dry Rainy Post-rainy

Gills

ZOCPs 75.7+£12.8% 171.1£36.7° 213.7+44.1°

2PCBs+ PBDEs 27.8+5.9% 39.3+11.1° 63.4 +8.4°

Total POPs 76.1+12.9*  171.9+36.8°  213.8+44.6°
Liver

2Z0OCPs 32.6+9.8° 194.0+£35.6° 134.7+19.2°

2PCBs+ PBDEs 14.7+9.3? 343+7.0° 28.7+6.1°

Total POPs 40.6+10.8* 198.7 +£35.6° 150.6 +35.6°
Water

20CPs 6.9+3* 18.8+2.7° 352+11.6°

ZPCBs+PBDEs 3.8+0.9° 22+1° 49+2.7%

Total POPs 14.1+2.8* 21.0+£3.0% 40.1+14.3°

Means not sharing the same letter in each row are significantly dif-
ferent at p <0.05. Data taken and modified from Ballesteros et al.
(2014).

and from the tributary of the rivers. Contaminants remain
in the lake during the post-rainy period adsorbed to sus-
pended particulate material, sediment. Fish may ultimately
uptake the contaminants through their gills or via food con-
sumption, allowing for the contaminants to enter the blood
stream and body tissues, with the possibility for causing
histological damage in the different tissues.

Although the K index is considered a general biomarker
of the health fish status, it also reflects the effects of non-
pollutant factors (e.g. season, diseases and nutritional level)
and gives information about energy reserves (Linde-Arias
et al. 2008). In the present work, K values did not show
any changes among sampling periods (Table 2) and varied
between 1.1 and 1.4 These results are coincident with those
obtained by Mancini et al. (2009) for the same species in
Los Charos Lagoon (Cérdoba, Argentina), where the K
index varied around 0.9-1.3. The mentioned authors indi-
cated that these values are close to the standard curve for
the species. Moreover, all fish assessed in the present work
contained food in their guts suggesting a sufficient avail-
ability of food throughout the year (Sagretti and Bistoni
2001). Similarly, the LSI index, which informs about the
liver status, also did not vary significantly between sam-
pling periods.

The histological study showed that I5; ¢ and gill mor-
phometric analysis values were similar at all sampling
periods. The most frequent alterations registered in GLS
corresponded to RP2, being the epithelial lifting and the
shortening of secondary lamellae present in 93% and 60%
of all the individuals analyzed, respectively. These altera-
tions are considered as defense mechanisms of fish to
avoid contaminant uptake, increasing the distance between
blood and the surrounding environment (Mallat 1985).

@ Springer

Table 2 Condition factor, hepatosomatic index, gill and liver patho-
logical indices and gill measurements in O. bonariensis from Mar
Chiquita Lake (mean +SE, n=15)

Dry Rainy Post-rainy
K 1.1+0.1a 1.0+0.2a 14+0.1 A
LSI 1.8+0.2a 1.8+0.2a 21+03A
Iis 14.8+3.1a 15.5+4.7a 150+49 A
Livr 9.6+2.5a 11.3+2.4b 29.0+2.4C
I 244+3.1a 26.7+5.5b 445+3.6C
PAGE 69.7+1.8a 71.7+4.5a 69.4+4.6 A
PAGE,, 56.0+1.5a 51.1+3.6a 545+43 A
PAGE 38.9+0.8a 36.9+4.6a 38.4+54A

Means not sharing the same letter in each row are significantly differ-
ent at p<0.05

K condition factor, LSI liver somatic index, /;;¢ Gill histological
index, I, Liver Histological Index. I” Total Index, PAGE proportion
of the secondary lamellae available for gas exchange, PAGE,, propor-
tion of the secondary lamellae available for gas exchange based on
width, PAGE Total proportion of the secondary lamellae available
for gas exchange

The alterations related to RP3 (progressive changes) such
as chloride and pavement cell hyperthrophy and hyperpla-
sia were the least frequent (<27%) while circulatory dis-
turbances (RP1) were only represented by aneurisms and
they were found in 40% of samples. On the other hand,
leukocyte infiltration was not registered (RP4). These his-
topathological alterations in GLS could be considered as
a general response to the exposure to environmental con-
taminants. The vital functions performed by gills, their
permanent contact with the aquatic environment and the
extremely large surface area of the secondary epithelium
are the main reasons for the particular sensitivity of this
organ to pollutants (Wood 2001). The score obtained by the
ILs are around 8%—10% of maximum value that the index
can assume as the poorest condition of the organ. Accord-
ing to this, gills of fish inhabiting Mar Chiquita Lake were
slightly affected. Also, the PAGE index values calculated
in this study (between 69% and 72%) is coincident to the
values obtained for Prochilodus lineatus, from moder-
ately polluted sites in the Salado River Basin (Santa Fe,
Argentina) (Troncoso et al. 2012). In contrast, POP levels
in GLS showed significant differences among sampling
periods for all the studied pollutants (agricultural ZOCPs,
industrial XPCBs+PBDEs and total of POPs, Table 1).
The highest levels of ZOCPs and industrial contaminants
(ZPCBs + PBDEs) were found during the post-rainy season
followed by the rainy season. In all cases the lowest levels
were found in the dry season.

The RP1 was the most frequent group of alterations
registered in LVR. Dilation of sinusoids and vascular con-
gestion were found in 100% and 93% of the fish sampled,
respectively. Alterations that correspond to RP2 were found
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in 27% of the samples, with lipid degeneration being the
only histopathological damage registered for RP2. Progres-
sive (RP3) and inflammatory alterations (RP4) were not
observed. Thus, the histological changes detected in our
work can be considered as reversible if the environmental
conditions improve (Ballesteros et al. 2007; Costa et al.
2009). The liver histopathological index (I;ygr) and Total
Index (Iy) differed significantly between sampling periods,
showing the highest scores during the post-rainy season
(Table 1). The ZOCPs, ZPCBs+ PBDEs and the Total POP
levels in liver were significantly higher during the rainy
season followed in order by the post-rainy season and the
dry season (Table 1). These results suggest that fishes were
chronically exposed during the rainy season. However,
the main effects were seen in the post-rainy season where
fishes presented the highest values of the histopathological
indices, possibly indicating the consequences of the previ-
ous exposures during the rainy season.

Special attention should be given to the pesticide endo-
sulfan, because it was the only POP used in the area while
this study was carried out. This insecticide is applied for
soybean and wheat cultures which represent 50% of the
agricultural areas in the country (15 million ha) (Gonzélez
et al. 2012) The other POPs were forbidden in the 1990s
and 2000s and they were also included in the POPs list by
the Stockholm Convention (UNEP. Stockolm Convention
2005). Their presence in the environment is due to their
high persistence and past use. During rainy and post-rainy
seasons Ballesteros et al. (2014) registered the highest lev-
els of endosulfan in water (11-12 ng/L during rainy sea-
son) and suspended particulate material (37-57 ng/g dry wt
during post-rainy season). It is well known that endosulfan
and other POPs cause histological damage in gills (e.g.
epithelial lifting, aneurisms and shortening of secondary
lamellae) and liver (e.g. hydropic degeneration, vascular
congestion, etc.). Fish species like Jenynsia. multidentata,
Cichlasoma dimerus and Corydoras paleatus exposed to
endosulfan and lindane presented these alterations under
acute exposure to high concentrations of endosulfan
(pg/L, Ballesteros et al. 2007; Pesce et al. 2008; Da Cuiia
et al. 2011). Therefore it is expected that fish chronically
exposed to this contaminant and others not measured here
could present similar alterations in their organs. Also, lipid
degeneration in silversides was reported by Silva Barni
et al. (2016) in a field study from La Pelegrina lake dur-
ing during a post-pesticide application, where the levels
of endosulfan in water and liver were in the same order of
magnitude as those reported in Ballesteros et al. (2014) and
in this study.

Canonical correlation is a multivariate technique widely
used to establish correlations between groups of variables.
In this study, it was used to determine the relationships
between the levels of POPs in fish organs and histological

Table 3 szmonical correla- L) L)

tion analysis between group of

biological variables and POPS R 0.814 0.629

measured in water R2 0.663 0395
A 33.411 10.554
df 14 6
p-value 0.002 0.103

L(1) and L(2) canonical varia-
bles generated through the anal-
ysis, R Canonical correlation
coefficient, R? Proportion of
variance explained by each pair
of canonical variables, statistic
used in the analysis; df degrees
of freedom

Table 4 Discriminant analysis output as cross-classification table of
assigned cases to the different groups (apparent error rate %)

Groups Dry Rainy Post-rainy Total Error (%)
Dry 8 0 0 8 0

Rainy 0 7 0 7 0
Post-rainy 0 1 11 12 8.3

Total 8 8 11 27 3.7

indices measured in fish grouped together and the levels
of contaminants in water. The results showed a significant
relationship between both groups (Table 3), demonstrating
the likelihood that the levels of contaminants measured in
water, as well as in the studied organs, exerted effects at
the histological level. It is important to note that even when
the individual analysis of the variables did not demonstrate
changes, the combination of them in one multivariate anal-
ysis can elucidate what could be actually happening in the
environment.

Linear discriminant analysis (LDA) was carried out
considering the sampling season as the grouping variable
(Fig. 2). The variables ZOCPs, XPCBs+PBDEs in gills
and liver, Ig; g, I;yg, PAGE (%), PAGEy, (%) and PAGE
(%), were used as independent variables. Total POPs and
I were not used in the LDA as they are carried redun-
dant information. On the other hand, the LDA allowed
us to evaluate if the individuals of the samples were cor-
rectly assigned to the pre-assigned groups (in this work,
the sampling stations) according to the combination of
variables taken into account for the analysis. Thus, the
classification matrix afforded 97% of right assignations
of the individuals of the sample to the groups (Table 4),
there being only one fish from post-rainy season group
assigned to the rainy season group incorrectly. This anal-
ysis indicated that fish from the three groups had clearly
different health conditions according to the combination

@ Springer
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Fig. 2 Discriminant analysis 6.0+
plot between sampling periods
(grouping variables) and combi-
nations of biological and chemi-
cal variables from Mar Chiquita 3.07
Lake. The length of the dotted
lines in the variables indicates ° ®
the weight of each variable on ~
each axis Z 0o PAGE,
v
-3.04
-6.01
-6.00
. Dry Season

of variables in multivariate space. Figure 2 shows those
dry and rainy seasons can be discriminated along axis
1 by the variables PAGE,, to the left side and PAGE,,,
to the right side. Also, the histopathological index I;yg
was the variable that contributed the most on axis 2 in
the discrimination of individuals of the Post-rainy sea-
son. Thus, this multivariate analysis allowed us to deter-
mine the overall health condition of fish during the stud-
ied sampling periods in an integrative manner where the
study of variables individually was not sensitive enough
to achieve it.

The present study demonstrated the occurrence of his-
tological damage in the organs of fish at the RAMSAR
site of Mar Chiquita Lake. The histological alterations in
gills and liver were related to POP levels found in these
organs and also with the concentrations registered in the
water environment. Although the liver presented revers-
ible damage, the chronicity of the exposure to which fish
are subjected, may compromise the health of individuals
and population integrity, since the possible consequences
are unknown in the long term. As POPs are persistent
for decades, preventive measures to mitigate the entry
of these compounds into the aquatic environment should
be taken to preserve the biota that inhabit Mar Chiquita
Lake. Such measures might include the control of pesti-
cide and industrial emissions, control of legal and ille-
gal discharge of residues into the lake and its tributaries,
restriction in the cultivated areas near the lake, and the
establishment of riparian areas and artificial wetlands as
natural filters.
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