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Abstract

The effluents of cardboard-paper mill (CPM) industry belong to most abundant pollutants of surface water. The aim of

this study was to elucidate the toxicity of effluents downstream the CPM by the bioindication. The specimens of
fish Carassius auratus (Cyprinidae) and mollusk Unio tumidus (Unionidae) from the suspected polluted area (SP) and pristine
area as control (C) were compared. The fish and mollusk from SP demonstrated plural signs of toxicity and stress: 2.5-3.7
times higher levels of DNA fragmentation, nuclear abnormalities, lipid peroxidation products and lipofuscin (determined only
in fish) in comparison with C-groups. The exposure to the certain xenobiotics was confirmed by the elevated by 2—3 times
levels of metallothionein (response to toxic metals), CYP450-related activity and vitellogenin-like proteins (responses to
endocrine disrupters, in particular, chlorinated organic substances). Cholinesterase activity in the brain of fish was the same in
the C- and SP-groups proving the low evidence of typical agricultural pollution. Chemical analysis of water confirmed the
highest level of pollution by phenols, chlorine, sulphate, nitrogen and organic compounds only directly downstream the
wastewater treatment facilities of the CPM. These results prove the molecular bioindication to be the most valid approach to
assess the toxicity of CPM effluents.

Keywords: Paper mill effluents; Carassius auratus; Unio tumidus; oxidative damage; metallothionein; Vitellogenesis; hepatic

cytochrome P450.

Introduction

Due to the complex nature of the aquatic
pollution and the ability of some substances to act
even at low ppt-ppb concentrations or to undergo
rapid degradation, the chemical analysis could give
only the preliminary evidence of the toxicity of
aquatic environment. The validity of molecular
biomarkers of stress and exposure to different types of
pollution in aquatic animals is proved in a broad
number of experimental exposures (van der Oost,
Beyer, & Vermeulen, 2003; Viarengo, Lowe,
Bolognesi, Fabbri, & Koehler, 2007; Hook,
Gallagher, & Batley, 2014). However, their applying
in the in the environmentally realistic situations needs
further development (Dondero, Banni, Negri, Boatti,
Dagnino, & Viarengo, 2011).

Paper industry is considered as one of the most
polluters among different kinds of industry in the
world (Owens, 1991; Hoffman et al., 2015). The
wastewaters generated from its production contain a
mixture of potentially toxic products: reduced sulfur
(sulfides,  bisulfites),  alkaline,  high-chlorine
compounds, chlorinated and plural other organic

substances derived from polyglucans and terpenes.
Additionally, pulping technology is water intensive
(see for review Ince, Ince, & Cetecioglu, 2011).
Despite the paper mill effluents represent the mix of
toxic substances, their toxicity or effectiveness of
purification (remediation) is mostly evaluated from
the physico-chemical analysis (Devi, Yadav, Shihua,
Singh, & Belagali, 2011; Mishra et al., 2013). The
expertise of the toxicity of these effluents is realized
by the experimental exposures in vivo or in vitro to
their extracts during short period (Gagné and Blaise,
1993). The main manifestations of injury detected in
these trials are genotoxicity and endocrine disruption
(see for the review Hewitt, 2011). The bioindication
of the consequences to environment is mainly devoted
to the parameters of populations (Merildinen &
Oikari, 2008; Manriquez, Llanos-Rivera, Galaz, &
Camafio, 2013) or bioaccumulation of toxic
compounds (Hayer, Wagner, & Pihan, 1996) whereas
the analysis of molecular responses of the inhabitants
of polluted areas is rather scant (Cajaraville, Cancio,
Ibabe, & Orbea, 2003; Oakes & Van Der Kraak,
2003).

The repeated accidents with mass fish death in
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the small Ukrainian river (Pryp’yat basin, West
Ukraine) were registered during two seasons of 2016
y. The situation was widely discussed in the local
periodicals and social network (published only in
Ukrainian), and the effluents of cardboard-paper mill
(CPM) that is located upstream the river were
proposed to be causal factors for these incidents.
However, the traditional set of physico-chemical
indices of the water was not able to prove this origin.
Additionally, the signs of genotoxicity and
cytotoxicity and high mortality were detected in the
laboratory exposures of different aquatic organisms to
the effluents
(http://moemisto.info/index.php?option=com_news&I
temid=54&newsld=127985;
http://cityukraine.info/?citynews=110024). However,
the responses of feral animals were not studied, and
the reasons for the toxicity of effluents were not
investigated.

A key goal of this study was to develop a
sensitive biotesting approach for the evaluation of
particular impact of the paper mill effluents with the
utilizing of the animal models of fish Cyprinidae and
bivalve mollusk Unionidae inhabiting this area.
Among aquatic animals, the biomarkers of effect are
most verified in fish (van der Oost et al., 2003). Gibel
carp Carassius auratus is widely distributed in
freshwaters, and its feeding habits expose it to many
different types of environmental contaminants.
Despite the well-known tolerance of this species to
environmental effects related to the morphological
and biochemical peculiarities in their gills and
hepatocytes (Eyckmans, Blust, & De Boeck, 2012),
several incidents resulting in high mortality of this
fish have occurred, including in April and October of
2016 y in the river Sluch in the rural area
(https://baranivka.blogspot.com/2016/04/blog-
post_17.html). Bivalve mollusks Unionidae are sessile
filters that accumulate different pollutants including
toxic metals and persistent organic substances and
demonstrate the sensitive molecular responses in the
exposures to xenobiotics (Hayer et al., 1996; Parolini
& Binelli, 2012; Falfushynska, Gnatyshyna, Gyori, &
Stoliar, 2014a; Faria et al., 2014; Blaise, Gagné, &
Burgeot, 2016; El-Shenawy, Loutfy, Soliman, Tadros,
& Abd El-Azeez, 2016). On the other hand, they can
withstand rather high level of pollution by the
effective mechanisms of detoxification and avoiding
the excessive accumulation of pollution, so their
survival in the toxic environment is suspected
(Guénard, von der Ohe, de Zwart, Legendre, & Lek,
2011; Ahmad et al., 2012; Manfrin et al., 2012). To
the best of our knowledge, the mussels are rare
utilised for the evaluation of paper mill effluents
toxicity. For example, at the time of writing, a search
in Scopus database returned only 12 documents for
the keywords “TITLE-ABS-
KEY ('paper AND mill' AND mollusk” including
Burgeot, His, and Galgani (1995), Cajaraville et al.
(2003).

The expertise included a set of biomarkers of
general stress and specific effects (neurotoxicity,
metal-related  toxicity,  endocrine  disruption)
(Viarengo et al., 2007). Some utilised biomarkers
were attested only in fish whereas their applying in
mollusc is considered as doubtful (Van der Oost et al.,
2003; Viarengo et al., 2007). The genotoxicity was
analysed as DNA stability and nuclear abnormalities.
The oxidative injury was assessed from lipid
peroxidation level and accumulation of lipofuscin as
the end-product of lipid and protein peroxidation in
the lysosomes. We determined cholinesterase (ChE)
activity in fish as a marker of neurotoxicity, which is
oppressed mainly by thiocarbamate and phosphate
pesticides, metallothionein concentration (marker of
the pollution by toxic metals and stress-related
protein), the level of vitellogenin-like protein (Vtg-
LP) as a marker of endocrine disruption, which is
elevated by environmental oestrogens in male
specimens. The suspected endocrine disrupters in
CPM effluents are chlorinated organic substances and
phenols. The activity of ethoxyresorufin-O-deethylase
(EROD) as a marker of the microsomal
biotransformation of polycyclic hydrocarbons and
halogenated aromatic hydrocarbons was measured in
the liver of fish. Commonly used for the attesting of
water quality chemical parameters were also
measured in some points upstream and downstream
the location of CPM discharges.

Materials and Methods
Chemicals

All chemicals were purchased from Sigma
Aldrich (St. Louis, USA) or Merck (Synbias, Kyiv,
Ukraine), and were of the analytical grade or higher.

Experimental Groups

The experiments were carried out in October of
2016. We utilised two aquatic species, crucian carp
Carassius auratus and bivalve mollusc Unio tumidus.
We collected about two-year-old male specimens of
Carassius sp. of 2342 cm length with weight 276+24
g. Fish was collected by net and bivalve manually
from 0.5-1 m depth. The both species’ specimens
were collected from two sites. One was the rural pond
near the springs of the Seret River (tributary of
Dniester River) in the forestry area with several
fishing ponds in surrounding (village Hayi-Roztotski,
49°49" N, 25°24' E) where no industrial contamination
should be detected. Specimens from this site
represented the control groups (C). The other site (SP
site) is situated at the place of Khomora River falling
in the Sluch River (basin of Horyn/Pripyat River,
close to the Pripyat Marshes) in the vicinity of the
Baranivka city (50° 14’ N, 27° 38' E), where the mass
death of fish was fixed (last mentioning at October 10,
http://www.zhitomir.info/news_160376.html). This site
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received effluent from the paper mill industry
dispersed in the sites located at the upper portions of
the rivers Khomora and Sluch (in the village Poninka,
50°11" N, 27°33" E) (Figure 1). The sampling of fish,
mollusks and water for analysis was carried out
within the same week in both areas. About 20
individuals of fish and mollusks from each site were
transported to the laboratory in 40 L cages with
aerated native water (dissolved oxygen levels were
8.67 £ 0.51 mg/L) and analysed within a day after the
sampling procedure. The mortality was not observed
until dissection. The temperature of water was
indicated in the time of sampling. Water samples were
collected at a reference site and four sites along the
SP area, sealed and transferred to the laboratory in
iced packs to analyse chemical composition.

Experiments were performed in accordance with
the national and institutional guidelines for the
protection of animal welfare with approval of the
Committee on the Bio-Ethics at Ternopil National
Pedagogical University (No 1/15.10.2016). Fish put to
sleep by clove oil (Goulet, HUlie, & Vachon, 2010),
and heparinized blood was collected from the heart.
Liver was immediately removed. For serum
preparation, whole blood was allowed to clot and
centrifuged for 10 min at 1500 xg for 10 min.

Nuclear abnormalities were assessed in the
erythrocytes of fish, Vtg-LP were determined in blood
plasma of fish or gonads of mollusks, ChE activity —
in the brain of fish, while all other biomarkers — in the
liver of fish or digestive gland of mollusk. Samples of
tissues, blood serum (from fish) in each group were
prepared individually and kept at —40°C until analyses
except microsomal fraction separation, Vtg-LP
concentration and micronucleus test which were
carried out immediately. Hepatic/digestive gland
tissue was homogenized (1:10 w:v) in 0.1 M pH 7.4

phosphate buffer containing 100 mM KCI, 1 mM
EDTA and 0.1 mM PMSF to inhibit proteolysis.
Microsomal pellet obtained by calcium (80 mM
CaCl,) precipitation of the postmitochondrial
supernatant of liver homogenates was centrifuged for
20 min at 12,000 x g in 10 mM Tris-HCI buffer, pH
7.4 (Cinti, Moldeus, & Schenkman, 1972).
Homogenization was carried out at 4 °C using 12-15
strokes of a motor driven Teflon Potter-Elvehjem
homogenizer and centrifuged at 6,000 g for 10 min at
4° C. PMSF (0.1 mM) was also added to serum to
inhibit proteolysis. Protein concentration in the
supernatant, microsomal pellet and blood serum was
measured by the method of Lowry et al. (1951) with
using bovine serum albumin as a standard. The
absorbance values were measured on the UV/Vis
spectrophotometer “LOMO-56" (LOMO, Russian
Federation), and the fluorescence was measured on
the f-max fluorescence microplate reader (Molecular
Device, USA). Each procedure of tissue sampling was
carried out at a temperature of 4 °C.

Chemical Analysis of Water

Water parameters were measured by routine

analytical tests: pH; ammonia, nitrite, nitrate,
phosphate and phenol content by colorimetric
methods;  oxidizability  (permanganate-related),

chloride, sulphate, hardness, biochemical oxygen
demands and dissolved oxygen by standard titration
methods has been described elsewhere
(www.epa.ie/rivermap/docs/Parameters.pdf).

Biomarkers of General Toxicity

To assay the genotoxicity, levels of protein-free
DNA strand breaks in fish hepatocytes and mollusks
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Figure 1. Location of the sampling sites in West Ukraine. Sites: C, control site. SP, suspected polluted area; | — Khomora river, Poninka village, u
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was utilised.
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digestive gland cells were determined by the alkaline
DNA precipitation assay (Olive, 1988) based on using
Hoescht 33342 dye in the presence of 0.4 M NaCl, 4
mM sodium cholate, and 0.1 M Tris (pH 9) (Bester,
Potgieter, & Vermaak, 1994). The micronucleated
erythrocytes (MN) in peripheral blood were
determined as miniature nuclei in the cytoplasm of
postmitotic cells (Barsiene, Andreikenaite, &
Rybakovas, 2006). For scoring of micronuclei, a
criterion devised by Fenech et al. (2003) was adopted.
The frequencies of MN were expressed per 1,000
cells studied. Also nuclear lesions were scored into
other categories: lobed nuclei (L), dumbbell-shaped or
segmented nuclei (S), and kidney-shaped nuclei (K).
Cells with these abnormalities (NA) were counted and
result was expressed as a mean value of the sums
(L+S+K) for all the individual lesions observed per
1,000 cells (Pacheco & Santos, 1998).

Lipofuscin concentration in the liver of fish was
determined using chloroform : methanol (2:1, v/v)
extraction of the homogenate. The lower clear
chloroform phase obtained after the centrifugation
was dried and redissolved in chloroform. The
fluorescent signal of lipofuscin was detected by using
an f-max fluorescence plate-reader [excitation
=350nm, emission =450 nm]. A freshly prepared
solution of quinine sulphate (I pg-mL™ of 0.IN
H,SO,4) was used as a standard (Manibabu & Patnaik,
1997).

Lipid peroxidation (LPO) was analyzed in the
protein-free supernatant of the fish liver and mollusks
digestive gland homogenate by the production of
thiobarbituric acid-reactive substances (TBARS)
(Ohkawa, Ohishi, & Tagi, 1979). A molar extinction
coefficient of 1.56-10° M™*-cm™ was used.

Metallothioneins (MTs) as MT-related thiols
(MT-SH) were determined in fish liver and mollusks
digestive gland after ethanol/chloroform extraction
with DTNB as described by Viarengo, Ponzano,
Dondero, and Fabbri (1997) and calculated by
assuming the relationship: 1 mol MT-SH = 20 mol
GSH and expressed as pg of MTs per gram of fresh
weighted (FW) tissues.

Vitellogenin-like  proteins  (Vtg-LP)  were
evaluated in fish blood serum and in mollusks’
gonads as alkali labile phosphate level (Nagler, Ruby,
& Idler, 1987; Blaise, Gagne, Pellerin, & Hansen,
1999). The method is based on principle that the
trichloroacetic acid or t-butyl methyl ether-extracted
lipophosphoproteins are subjected to an alkali
treatment in order to release labile phosphates. The
content of free phosphates was determined by the
phosphomolybdenum assay.

Microsomal ethoxyresorufin-O-deethylase
(EROD) activity as an indicator of the activity of the
cytochrome P450 family 1 (CYP450 I) enzymes was
analyzed in the postmitochondrial supernatant of liver
homogenates centrifuged for 20 min at 12,000 x g.
EROD activity was detected by measuring the
absorbance of resorufin at 572 nm (Klotz, Stegeman,

& Walsh, 1984) in the microsomal pellet obtained by
calcium (80 mM CaCl,) precipitation of the
postmitochondrial supernatant in 10 mM Tris-HCI
buffer, pH 7.4 (Cinti et al., 1972). The reaction at
30°C was initiated by the addition of 0.5 mM
NADPH. EROD activity was calculated using a molar
extinction coefficient of 73.2 mM* cm® and
standardized to the microsomal protein content.

Cholinesterase (ChE, EC 3.1.1.7) activity was
determined in the fish brain as the acetylthiocholine-
cleaving ChE activity at 25°C according to the
colorimetric method of Ellman, Courtney, Andres,
and Featherstone (1961). Enzyme activity was
calculated using a molar extinction coefficient of
13.6:10° M*-ecm* and standardized to the soluble
protein content.

Statistical Analysis

For all biological traits and experimental
treatment groups, sample size was 5-6. The data are
presented as means + standard deviation (SD) unless
indicated otherwise. Data were tested for normality
and homogeneity of variance by using Kolmogorov-
Smirnoff and Levene’s tests, respectively. Whenever
possible, data were normalized by Box-Cox common
transforming method. One-way ANOVA was used to
test the effect of experimental exposures, followed by
post hoc procedures. For the data that were not
normally distributed, non-parametric tests (Kruskall—
Wallis ANOVA and Mann-Whitney U-test) were
performed. All statistical calculations were performed
with Statistica v. 12.0 and Excel for Windows-2013.
Differences were considered significant if the
probability of Type I error was less than 0.05.

Results
General Signs of Toxicity and Stress

The evaluation of the genotoxicity has shown
the elevated level of DNA fragmentation in the liver
/digestive gland of specimens from SP-site (by 2.7 —
3.1 times) (Figure 2 A, F). The rate of the
erythrocytes with the micronuclei and nuclear
abnormalities in SP-group of fish was also higher by
2.5-3.7 times than in the C-group. The specimens
from SP groups were characterized by high levels of
TBARS (by 42.6% in fish and by 2.23 times in
mollusks) and lipofuscin (by 34 %) in the liver of fish
in comparison with the specimens from C-groups
(Figure 2 D, E, G).

Markers of Exposure to Specific Xenobiotics

The concentration of metallothioneins in the
liver of fish and in the digestive gland of mollusk was
different in the specimens from SP and C groups
(Figure 3A, E). In both cases, its level was by 2.5 —
3.6 times highly in the SP groups. The level of Vtg-
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LP was also higher in the male specimens from SP-
groups, particularly in fish (by 3.7 times) (Figure 3B).
The EROD activity in the liver of fish from SP-area
was 3.7 times higher than in C-specimens (Figure
3C). However, ChE activity in the brain of fish did
not show differences between the groups from two
sites (Figure 3D).
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Chemical Characteristics of Water

From the comparison of the chemical indices of
water samples (Table 1) it is shown that the site 1l
(located directly downstream the CPM plant) was
characterized by the elevation of permitted levels for
most indices. In this site the elevated levels of
reduced nitrogen compounds, phenols, sulphate,
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Figure 3. Markers of exposure in the tissues of fish Carassius auratus (A, B, C, D) and mollusk Unio tumidus (E, F) from
control (C) and suspected polluted (SP) sites: metallothionein total concentration (MT-SH) in the fish liver (A) and
mollusk digestive gland (E); vitellogenin-like protein concentration (Vtg-LP) in the fish liver (B) and mollusk gonads (F);
ethoxyresorufin-O-deethylase activity (EROD) in fish liver (C); cholinesterase activity (ChE) in fish brain (D). Data are

presented as means + SD (N=6 for fish and 5 for mollusk).
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Table 1. Physico-chemical parameters of water samples, M + SD, N =3

Parameters Groups

C 111 (SP) I 11 v
pH 7.72+0.09 6.83£0.05 7.35+0.05 6.59+0.05 6.65+0.05
Ammonia, mg N-NH,*/L 0.55+0.06 2.55+0.05%* 0.95+0.04 1.35+0.05 1.90+0.04
Nitrites, mg N-NO, /L 0.05+0.01 3.21£0.12** 0.48+0.27* 0.06+0.05 0.37+0.08*
Nitrates, mg N-NO;™ /L 1.0+0.1 11.5¢1.2 13.5+1.3 1.8+0.2 1.840.2
Phosphates, pmol/L 6.5+0.3 23.5+0.2 12.2+0.1 13.4+0.8 15.1£0.2
Phenols, ng/L 0.32+0.07 2.82+0.69* 0.67+0.09 0.71+£0.06 0.60+0.06
Chlorides, mg/L 12.3+1.3 70.9+5.5 15.6+1.4 35.5+2.5 35.5£2.5
Iron (total content), pug/L 36.4+2.54 120.1+8.4 80.5+0.5 25.0+1.6 75.246.6
Sulphates, mg/L 42.3+5.2 516+36* 276+12%* 240+48 312+£24*
Total hardness, mmol/L 3.5+0.2 5.67+0.61 4.03+0.15 3.10+0.10 3.83+0.06
Oxidizability, mg O,/L 16.3+2.1 62.2+2 4%* 15.4+0.3* 15.8+0.4* 25.9+0.4*
Dissolved oxygen, mg O,/L 10.3+1.5 6.7+0.7 10.4+0.6 10.8+0.1 8.0+0.3
Dry residue, mg/L 257+24 620+17 232430 386125 450445
BOD, mg O,/L 2.10+0.30 6.25+0.35* 5.75+0.32* 5.18+0.25* 5.86+0.18*

" mean value exceeded maximum permitted concentration allowed for the protection of freshwater aquatic life, P<0.05

oxidizability and also highest levels of chloride, iron,
dry residue were detected. In the other sites the lesser
values of all indices were detected with the most
similarity to the standard values in the point Il
(Markivka), most distanced from the plant.

Discussion

Biomarkers
Responses

Reflect the Toxicity and Stress

Despite the genotoxicity represents a long-time
formed damage, accumulated during the lifespan of
the cells (Bolognesi & Hayashi, 2011), the
micronucleus test is well approved in the short-term
laboratory exposures for fish (for example, Barsiené
et al., 2006; Biicker, Carvalho, Concei¢do, & Alves-
Gomes, 2012). From the studied biological
parameters only genotoxicity is officially valid for the
proving of aquatic pollution in Ukraine determined in
the short-term  laboratory  exposures (SSTU
7387:2013.6). According to the results of
micronucleus test in the official expertise of water
from the studied site, the level of the cells with
micronuclei was ~ 8 %o for erythrocytes, gills and fin
of fish Danio rerio exposed during 96 h to the
analyzed water
(http://cityukraine.info/?citynews=110024). However,
the information concerning the frequency ratio in
comparison with the control samples was not
represented. The genotoxicity of CPM effluents was
confirmed by different experimental groups and using
different test systems in model experiments (Hewitt,
2011; Roa, Yeber, & Venegas, 2012). In general, the
data concerning the results of micronucleus test in
different fish species and different exposures are
highly distinct. For example, in the experiments with
perch (Perca fluviatilis L.) exposed during ten days to
0.25, 0.5 or 1.0 ppm of crude oil the frequency of
micronuclei varied from 0.23 to 0.35 %o, whereas the

control group of perch showed the lowest value
(0.07%0 of MN, the frequency ratio 3.3 to 5.0)
(Barsiené et al., 2006). Biicker, Carvalho, Conceigéo,
& Alves-Gomes (2012) detected the time and
concentration dependent elevation of the erythrocytes
with the micronuclei (from 0.14%o in control up to
4.00%o after exposure during 96 h of the electric fish
Apteronotus bonapartii  to highest (25 ppm)
concentration of benzen. Reported level of
micronuclei frequency in the Carassius sp. is varying
from 0.0-0,18 to 13 (Bolognesi & Hayashi, 2011).
From our previous experience, the exposure of
Carassius sp. to thiocarbamate or organochlorine
pesticides, copper and manganese ions during
fourteen days caused the elevation of the micronuclei
frequency in the erythrocytes from 2%o to 6.5—16%o in
the specimens depending on the origin of fish from
the pristine or agricultural sites correspondingly
(Falfushynska, Gnatyshyna, Stoliar, & Nam, 2011;
Falfushynska, Gnatyshyna, & Stoliar, 2012).

In the present study, the frequency of the cells
with nuclear abnormalities in fish from SP site was
higher than it was detected previously (1%o - 4%o) in
two field sites with different levels of pollution during
three seasons (Falfushynska, Gnatyshyna, Priydun,
Stoliar, & Nam, 2010b). This manifestation witnesses
the stable genotoxic press in the area. Moreover, in
the present study the genotoxicity was undoubtedly
confirmed from the high level of DNA instability both
in fish and mollusks from the SP-group.

The comparison of the signs of oxidative lesions
in the C- and SP-groups confirms the remarkable
adverse effect in the SP site. From our experience of
the field studies of Carassius sp. and Unionidae
mussels in the corresponding area in Ukraine
(Falfushynska et al., 2010b, Falfushynska et al.,
2014a), the level of TBARS in the digestive tissues
did not reflect so severe damage that in the present
study. The oxidative lesions are confirming by the
difference in the level of lipofuscin that is a stable
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final product of lipid and protein oxidation
accumulated in the lysosomes (Viarengo et al., 2007).
The oxidative damage in fish caused by the CPM
effluents was shown also by Oakes and Van Der
Kraak (2003).

Consequently, the comparison of the
cytotoxicity and general stress response in the studied
groups has shown the strong and chronic adverse
conditions in the SP-area. Furthermore, the
comparison with the data available for the
representatives of the same fila and in the common
area confirms that this adverse effect prominently
higher than the typical pressure in the agricultural and
municipal sites and is corresponding to the emergency
situation.

Specific Effects of Pollution Detected by the
Biomarkers of Exposure

The attempt to detect the effect of specific kinds
of pollution related to CPM effluents was undergoing
in the present study by the evaluation of the markers
of effect.

The elevated level of metallothionein in the fish
liver and particularly in the bivalve tissues is the well-
recognized marker of the pollution by toxic metals
(Viarengo et al., 2007). This kind of pollution is not
typical for the agricultural activity. On the other hand,
the CPM industry is a valuable source of the pollution
by toxic metals (Ince et al., 2011; Hoffman et al.,
2015). Therefore, our finding confirms this specific
source of pollution in the river. The elevated level of
metallothioneins was highly sensitive biomarker to
the pulp and paper mill effluents even in the acute
exposure of fingerling trout (Oncorhynchus mykiss)
(Gagné & Blaise, 1993).

Egg-yolk precursor Vtg is one of the most
widely used biomarkers of exposure to estrogens in
freshwater fish (Segner, 2009; Hinfray et al., 2010).
The endocrine disruptive effect of the CPM effluents
is well known about three decades in the exposures of
fish in laboratory or in in vitro tests. Even the
improved wastewater treatment did not totally remove
it (Orrego et al., 2009; Waye et al., 2014). The precise
structure of the endocrine disrupters in the CPM
effluents is of the main contemporary research interest
but it is not clarified exactly yet (for the review see
van den Heuvel, 2010; Hewitt, 2011; Rutherford,
2011). Most expected compounds are the chlorinated
organic substances, phytoestrogens and resin acids
(Denslow, Kochera, Sepulveda, Gross, & Holm,
2004). The phytosterol represented in these extracts as
well as two extracts increased VTG levels in rainbow
trout (Oncorhynchus mykiss after 4, 7, 14, 21 and 28
days of exposure, both in males and females (Orrego,
Guchardi, Krause, & Holdway, 2010). Decrease of the
estrogens and Vtg in the blood plasma of female
specimens and/or androgenic activation in the male
under the exposure to the paper mill effluents was
shown (Denslow et al., 2004). However, the opposite

shift of endocrine disruption, the up-regulation of Vtg
in the male specimens was detected in the present
study for both species. In the mussels, the Vtg-LP in
the hemolymph is not totally approved as a marker of
endocrine disruption (Riffesern & Hock, 2002;
Puinean et al., 2006; Oehlmann et al., 2007).
However, the determination of Vtg-LP in gonads has
been successfully used for the detection of
oestrogenic effects in male mussels in the field sites
with the municipal effluents discharge and pollution
with the chlorinated aromatic compounds (Gagné,
Blaise, & Hellou, 2004; Rittschof & McClellan-
Green, 2005; Porte et al., 2006;). The signs of
activated vitellogenesis in fish and bivalve were
reflected earlier in field studies on fish and mollusks
in the polluted sites in West Ukraine (Falfushynska et
al., 2010a,b; Falfushynska et al., 2014b). However,
they had not so regular and prominent manifestations
as in the present study for aquatic animals in the SP-
groups.

The CYP450-related microsomal  activity
represents the Phase | of the transformation of
steroids and persistent organic xenobiotics, namely
polyaromatic hydrocarbons and their chlorinated
derivatives, such as dioxin (2,3,7,8-
tetracholordibenzo-p-dioxin). Its elevated activity in
fish is recommended as the biomarker of the pollution
by these substances (Whyte, Jung, Schmitt, & Tillitt,
2000). In the field studies the elevated EROD activity
is typical for the fish sampled in the sites with
bleached kraft mill and industrial effluents,
contaminated sediments, and chemical spills. Up-
regulation of CYP-dependent enzymes activity and
their expression was reported in the exposures of fish
to the effluents of paper mill (Gagné & Blaise, 1993;
Denslow et al, 2004). |In rainbow trout
(Oncorhynchus mykiss) EROD activity was up-
regulated by the exposure to pulp mill effluents
during 2-3 weeks, and the limits of this elevation
reached threefold or more (Hodson et al., 1996). In
the Channel catfish Ictalarus punctatus exposed to 0,
10, 20, and 40% bleached kraft effluent EROD
activity was increased in the dose-dependent manner
(Mather-Mihaich & Di Giulio, 1991). In the field
study white sucker (Catostomus commersoni)
collected in the vicinities of three pulp and paper mills
with different technologies and in different seasons
were compared. Fish collected downstream the paper
mill exhibited elevated hepatic cytochrome P4501A
activity. However, this response was not regular
(Oakes & Van Der Kraak, 2003). The evaluation of
EROD activities in the fish chub (Leuciscus cephalus)
from five French rivers has shown the up-regulation
of EROD in the four polluted sites, combined with the
elevation of Vtg in males in most polluted site,
however, the nature of the inducers for these
responses was not analyzed (Hinfray et al., 2010). On
the other hand, the successful recovery from the
pollution by paper mill industry was confirmed by the
stable level of EROD activity in wild and exposed to
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sediments fish (Ratia, Vehnidinen, Rusanen, &
Oikari, 2014).

Depletion of ChE activity is utilized as a
biomarker of exposure to carbamate and
organophophorus pesticides and is typical for fish
from agricultural polluted field sites (Dorval,
Leblond, Deblois, & Hontela, 2005; Linde-Arias,
Inécio, de Alburquerque, Freire, & Moreira, 2008;
Valbonesi, Brunelli, Mattioli, Rossi, & Fabbri, 2011;
Hook et al., 2014). Therefore the absence of the ChE
depletion in the studied fish from SP-site attests the
mild level of agricultural pollution in the area in this
season.

The results of chemical analysis of water
confirm that they could not make the self-reliant
evidence of the toxicity of CPM effluents for the
aquatic animals. No doubt, the biomonitoring of water
quality with the utilizing of early molecular responses
of fish and mollusks must be included in this
expertise. The Carassius sp. seems to be most relevant
model due to the possibility to detect specific
responses to the certain compounds. Similarly, in the
acute toxicity tests for CPM effluents, the fish Salmo
gairdneri was the more sensitive indicative species
than Daphnia pulex or bacterial tests (Leal, Rocha, &
Lema, 1997). However, in the case of the inability to
sampling fish, the bivalve could represent the
valuable test-organism according to our results.

Conclusions

The main question for the environmental
expertise is to distinguish between CPM effluents and
non-pointed sources of pollution typical for the rural
area and represented by the mix of agricultural
wastes, personal care and pharmaceutical products.
The presented results attest the severity of lesions due
to genototoxicity and indicate the complex pollution
by toxic metals and organic substances that affects the
cellular system of biotransformation, causes
endocrine disruption and disturbance of metal
homeostasis. These compounds are typical for CPM
effluents, whereas impact of agricultural pollution in
this area was not evident due to the absence of the
neurotoxicity in fish. The further studies of the CPM
effluents toxicity must be accented on the
environmental monitoring with the elucidation of the
specificity of the responses in comparison with the
responses to agricultural wastes.
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