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The effects of 7-day single and combined exposures to herbicides pendimethalin and
ethofumesate at 2 concentrations (2.5 and 25 pg/l for pendimethalinand 0.11 and 1.1 mg/1 for
ethofumesate) on morphology of common carp erythrocytes was studied. Five types of
erythrocyte anomalies were determined: nuclear malformation, cell malformation (changed
cell shape), cytoplasm vacuolation, cell swelling and hemolysis. Erythroblasts were also
counted. After 3 days of treatment increase of percentage of deformed nucleus in fish exposed
to mixture of both tested herbicides at higher concentrations in comparison to the control was
observed. In fish exposed to the lower concentration of pendimethalin an increase of
percentage of deformed cells and hemolysis in comparison to previous sampling occurred.
Decrease of percentage of cell vaculation in fish treated with ethofumesate at the lower
concentration and increase of percentage of erythroblasts in fish exposed to mixture of both
tested herbicides at higher concentrations were also observed. After 7 days of exposure an
increase of percentage of deformed cells in comparison to the control was detected in fish
exposed to the lower pendimethalin concentration. The observed minor toxic effects were
more time- than concentration-related. The obtained results showed low concentrations of
pendimethalin and ethofumesate did not induce serious and persistent alterations in
erythrocyte morphology of common carp.
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Aquatic environment is constantly loaded with  pesticides, including herbicides. Herbicides are
foreign organic chemicals generated asaresult of  considered to be low toxic to mammals (SHANER
human activity. One of the main threatsto surface  2014), however, they can have anegative effect on
water is agriculture, which causes pollution with  the fish even at low concentrations (GUILHERME
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et al. 2012). Fish organismsrepresent thefinal tro-
phic level in the aguatic food web and react to wa-
ter contamination being sensitive biomonitors of
water pollution (DE LEMOS et al. 2007). Among
different types of herbicides, pendimethalin and
ethofumesate have been widely used in Poland to
control unwanted weeds. Pendimethalin belongs
tothe group of the dinitroaniline class. Its primary
mode of actionisinhibiting thegrowth of rootsand
shoots of weeds by preventing plant cell division
and elongation. It isused to control annual grasses
and broadleaf weeds (GILLIAM et al. 1993). Etho-
fumesate is a representative of benzofuran herbi-
cides. It causesinhibition of lipid synthesisand is
used for annual bluegrass control (HAGGAR &
KIRKHAM 1981). Herbicidesareleached with run-
off together with soil particlesor areintroduced to
the water environment due to misapplication
(SADOWSKI et al. 2014). Pendimethalin enterswa-
tersmainly during heavy rainfalls (STRANDBERG
& SCOTT-FORDSMAND 2004) being adsorbed to
soil or sediment and the amount which reach water
ecosystems rapidly decreases (ISENSEE & DUBEY
1983). However, even at low concentrations, this
herbicidemay cause pathophysiological and histo-
pathological changesin freshwater fish dueto he-
patotoxic effects (ABD-ALGADIR et al. 2011).
Pendimethalin is also neurotoxic and genotoxic
(AHMAD & AHMAD 2015; TABASSUM et al. 2015)
and may lead to changesin the hematological pro-
file of fish (BOJARSKI et al. 2015). Thereis very
little information concerning the effects of etho-
fumesate on aquatic organisms and no literature
data are available on the mechanisms of toxic ac-
tion of ethofumesate on fish. Research conducted
by BOJARSKI et al. (2015) showed that this herbi-
cide caused hematological aterationsin Cyprinus
carpio, Similarly as pendimethalin. Hematol ogical
analysis is one of the basic tools used to assess
toxic effects of aguatic pollution on fish organism.
Previous research has shown that hematological
indicesarereliable and sensitiveindicators of pes-
ticide toxicity to fish (LUTNICKA ef al. 2016).
However, detailed hematological studiesrevealed
that morphology of fish erythrocytesismore sensi-
tivetotoxic chemical sthan basic red blood cell pa-
rameters(e.g. WITESKA et al. 2010). Thus, various
cellular anomalies can be noticed even if the val-
ues of such parameters as hematocrit, erythrocyte
count or hemoglobin concentration do not change
significantly (WITESKA et al. 2010). Therefore,
investigation of the effects of pendimethalin and
ethofumesate action on the common carp erythro-
cyte morphology may provide more information
ontheinfluenceof theseherbicidesonfish organism.

The aim of present study was to evaluate the ef-
fects of pendimethalin and ethofumesate in single
or combined exposures on morphology of com-
mon carp erythrocytes.

B. BOJARSKI et al.

Material and Methods

Thisstudy was approved by the First Local Ethical
Committeeon Animal Testing in Krakow, Poland,
No. 124/2010 and carried out in accordance with
the European Communities Council Directive
(86/609/EEC). Common carp (Cyprinus carpio L.)
juveniles of body mass 80 + 5.0 g were used. Fish
were divided into 7 equal groups: 6 subjected to
herbicides and 1 control. The fish harvested from
the ponds of the Department of Ichthyobiology
and Fisheries, University of Agriculture in
Krakow (Poland) were placed in the 800 | tanks,
36 fish in each, and acclimated for two weeks to
the laboratory conditions. The values of physical
and chemical parameters (temperature 20°C;
pH 7.0, dissolved oxygen 7.0 mg O./l, and hard-
ness 300 mg CaCOs/l) were appropriate for main-
taining the welfare of common carp. Fish of all
herbicide-treated groups were subjected constantly
to herbicidesfor 7 days. After 1, 3and 7 daysof ex-
posure blood was sampled from 12 fish from each
group by heart puncture using glass capillary
tubes.

Two pure herbicide chemicalswere used in cur-
rent research: pendimethalin (certified analytical
standard, CAS 40487-42-1) and ethofumesate
(certified analytical standard, CAS 26255-79-6).
Both herbicideswere obtained fromthel nstitute of
Industrial Organic Chemistry (Pszczyna, Poland).
The lower tested concentration of pendimethalin
(2.5 pg/l) was detected in the water environment
(SADOWSKI & KUCHARSKI 2007). To our knowl-
edgethereisno available dataon environmentally
realistic concentrations of ethofumesate. Thus, the
tested concentrations of this herbicide were chosen
onthebasisof acute L Csy valuefor Cyprinus carpio.
The lower tested concentration of ethofumesate
(0.21 mg/l) was 1/100 of 96 hour LCsp, while the
higher one (1.1 mg/l) was 1/10 of 96 hour LCxs
(PESTICIDE PROPERTIES DATABASE 2014). Fish
were subjected to two concentrations of each her-
bicide: 2.5 pg/l (P1) or 25 pg/l (P2) of pendi-
methalin and 0.11 mg/I (E1) or 1.1 mg/l (E2) of
ethofumesate, and two mixtures: 2.5 pg/l of pendi-
methalin + 0.11 mg/l of ethofumesate (P1+E1) or
25 ng/l of pendimethalin + 1.1 mg/l of ethofume-
sate (P2+E2) (Table 1). During the 7 days of expo-
sure water in al tanks was renewed twice to
maintain the nominal concentration of the tested
herbicides and prevent the accumulation of nitro-
gen metabolites.

After blood collection blood smears were made
and stained with Hemacolor® kit (Merck, USA)
according to the manufacturer instructions. The
smears were used for evaluation of erythrocyte
morphology using light microscope Nikon
Eclipse Ci (magnification 1000x). Cal cul ations of
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Table 1
Groups of fish used in the experiment and concentrations of tested herbicides
Group Herbicides Concentration
Control none not applicable
P1 Pendimethalin 2.5 ng/l
P2 Pendimethalin 25 pg/l
El Ethofumesate 0.11 mg/l
E2 Ethofumesate 1.1 mg/l
P1+E1 Pendimethalin + Ethofumesate 2.5 pg/l+0.11 mg/l
P2+E2 Pendimethalin + Ethofumesate 25 pg/l+ 1.1 mg/l

the number of immature red blood cells (erythro-
blasts), normal and abnormal mature erythrocyte
frequencies were based on the analyses of
300 cells in each smear, according to WITESKA
et al. (2010) and WITESKA ef al. (2011). The ob-
tained data did not show normal distribution and
therefore they were analysed using nonparametric
Kruskal-Wallis test followed by Bonferroni multi-
ple comparison test using Statistica 13.3 software
(Dell Inc., USA). The significance level was set at
0=0.05. The data were shown in percent and ex-
pressed as mean £SD.

Results and Discussion

Our study demonstrated that pendimethalin and
ethofumesate affected the morphology of common
carp erythrocytes, and the observed changes de-
pended on type of herbicide, concentration and
time of exposure. The following five types of
erythrocyte anomalies were observed: malforma-
tions of nucleus, malformation of cell (changed
cell shape), vacuolation, swelling and hemolysis.
Abnormal nuclei showed distinct cleft (Fig. 1 A),
deformed cells had irregular contours (Fig. 1 B),
vacuolated erythrocytes showed larger or smaller
unstained spots in cytoplasm (Fig. 1 C), swollen
cells were distinctly enlarged with pale cytoplasm
(Fig. 1 D), while erythrocytes undergoing hemoly-
sis showed disrupted cell membrane and leakage
of cytoplasm with hemoglobin outside the cell
(Fig. 1 E). Erythroblasts were also identified as
round cells smaller than mature erythrocytes, with
polychromatophilous cytoplasm and relatively
large round nucleus with loose chromatin. All ob-
served erythroblasts had a normal structure. After
1 day of exposure (Table 2) no significant changes
were observed. After 3 days (Table 3) significant
increase of percentage of deformed nucleus in fish
exposed to mixture of both tested herbicides at
higher concentrations (P2+E2 group) in compari-

son to the control was observed (p=0.027109). In
fish exposed to lower tested concentration of pen-
dimethalin (P1 group) significant increase of per-
centage of deformed cells (p=0.004358) as well as
hemolysis (p=0.046915) in comparison to the 1%
day were noticed. Significant decrease of percent-
age of cell vaculation (p=0.029351) in animals
treated with ethofumesate at lower concentration
(E1 group) and increase (p=0.006362) of percent-
age of erythroblasts in fish of P2+E2 group were
detected (Table 3). After 7 days of exposure to
tested herbicides (Table 4) significant increase of
percentage of deformed cells as compared to the
control was observed in P1 group (p=0.000001).
There were no statistically significant changes in
the percentage of swollen erythrocytes during the
experiment.

In our study exposure to herbicides led to occur-
rence of slight and temporary changes in erythro-
cyte morphology. The detected toxic effects of
the tested chemicals were more time- than
concentration-related. The recovery after 7 days of
exposure (except for one parameter — deformed
cells in fish exposed to pendimethalin at low con-
centration) indicates the regeneration process tak-
ing place in fish despite constant exposure to
herbicides.

Most studies on the influence of contaminants
present in aquatic environment on fish erythrocyte
morphology concern metals, e.g. gallium (YANG
& CHEN 2003), zinc (TOMOVA et al. 2008) or cad-
mium (WITESKA et al. 2011). Little data about the
effects of organic compounds, including pesti-
cides, on the morphology of fish red blood cells
has been published. The results obtained by
ATEEQ et al. (2002) demonstrated that exposure to
herbicides: 2,4-D and butachlor changed the mor-
phology of Clarias batrachus erythrocytes. Per-
centage of echinocytes accompanied by nuclear
alterations and vacuolation increased in fish ex-
posed to 2,4-D, whereas anisochromasia and ani-
socytosis of the cells were observed in
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Fig. 1. Examples of erythrocyte anomalies in common carf) observed in this study. A — deformed nucleus, B — deformed cells
(gchanged shape of cells), C — vacuolated cells, D — swollen cell, E — hemolysed cells.
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Table 2

No significant differences between control and experimental groups were observed (n=12;
0=0.05; Bonferroni multiple comparison test)

Group Deformed Deformed cell Cytoplasm Cell swelling | Hemolysis | Erythroblasts
nucleus vacuolation
Control 0.25+0.45 4.17+1.98 0.92+1.16 0.00+0.00 0.75+£2.05 4.4242.06
Pl 0.42+0.67 5.33+1.24 1.00£1.13 0.50+0.54 0.00+0.00 4.254+3.01
P2 1.00+1.75 7.50+2.32 2.92+1.51 0.58+0.68 2.58+3.55 4.83+3.47
El 0.75+1.22 7.17£1.74 1.75+1.13 0.58+0.79 1.50+£2.01 5.2542.53
E2 2.08+2.35 5.83+1.18 1.08£1.57 0.33+0.51 1.58+2.06 5.33+1.66
P1+E1 0.75+1.06 6.08+2.06 0.92+0.91 0.42+0.53 1.25+1.84 4.67+2.09
P2+E2 0.33+0.79 5.83+1.95 0.92+1.37 0.08+0.29 2.67+£2.80 3.58+1.38
Table 3

Erythrocyte morphology (%) after 3 days of common carp exposure to herbicides.
Statistically significant differences between control and experimental groups are marked
with an asterisk. Significant differences between the 3™ day and the previous sampling

(1% day) are marked with T (increase) or

comparison test)

(decrease) (n=12; 0=0.05; Bonferroni multiple

Group Drifglrgll:d Deformed cell \g}éﬁ)(ﬁﬁ?g; Cell swelling | Hemolysis | Erythroblasts
Control 0.17+0.58 7.4242.11 0.50+0.80 0.25+0.62 2.92+2.58 4.33+2.34
P1 0.33+0.49 10.42+1.447 0.42+0.51 0.08+0.29 2.9242.03T 6.4242.49
P2 1.08+0.78 5.42+1.62 0.83+0.83 0.00+0.00 1.33+1.49 4.75+£2.80
El 1.424+1.56 5.25+1.19 0.08+0.294 0.50+0.80 0.75+1.62 4.08+0.99
E2 1.67+1.60 5.25+1.27 0.42+0.68 0.00+0.00 0.83+1.47 5.17+1.47
P1+E1 1.254+1.27 4.92+1.52 0.67+0.91 0.17+0.39 3.25+1.69 4.83+£1.94
P2+E2 2.17£1.47* 4.83+£1.49 0.42+0.68 0.50+0.52 2.08+1.60 6.92+1.597
Table 4

Erythrocyte morphology (%) after 7 days of common carp exposure to herbicides.

Statistically significant differences between control and experimental groups are marked
with an asterisk. No significant differences between the 7" day and the previous sampling
(3" day) were observed (n=12; a=0.05; Bonferroni multiple comparison test)

Group Dneigféﬁ :d Deformed cell \gﬁﬁﬁﬁ?ﬁl Cell swelling | Hemolysis | Erythroblasts
Control 0.75+0.77 2.83+1.11 0.17+0.39 0.08+0.29 2.00+1.36 5.17+0.69
P1 0.58+0.79 8.75+2.63* 0.17+£0.39 0.08+0.29 0.08+0.29 3.42+1.64
P2 0.75+0.74 5.42+0.92 0.08+0.29 0.00+0.00 1.17£1.67 4.25+1.00
El 1.33+1.85 5.58+2.00 0.42+0.79 0.08+0.29 2.50+2.44 5.00+1.60
E2 0.254+0.87 6.08+2.69 0.08+0.29 0.00+0.00 1.08+1.57 4.17+1.70
P1+E1 0.50+0.66 5.50+0.99 0.08+0.29 0.00+0.00 2.50£1.92 6.08+1.30
P2+E2 0.58+0.65 5.83+1.44 0.58+0.78 0.00+0.00 0.83+1.77 5.08+1.29
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butachlor-treated fish. The percentage of malfor-
mations increased in a time- and concentration-
dependent way. The research conducted by Ruiz
DE ARCAUTE et al. (2016) showed that 2,4-D treat-
ment of Cresterodon decemmaculatus led to in-
crease in percentage of nuclear abnormalities.
SAWHNEY & JOHAL (2000) revealed that insecti-
cide malathion led to anisocytosis and swelling of
erythrocytes in Channa punctata. Number of
swollen cells was increasing during the insecticide
exposure. Abnormal (shrunken) erythrocytes were
observed in Anabas testudineus exposed to insec-
ticide cypermethrin (BABU et al. 2014).

Our research and the referred studies demon-
strated that the exposure of fish to various types of
pesticides may result in disturbances in their eryth-
rocyte morphology. The results of our study
showed that low concentrations of pendimethalin
and ethofumesate induced only minor and tempo-
rary alterations in carp erythrocyte morphology.
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