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Abstract. The article presents the results of studying the new and affordable
means for freshwater snail control. It was found that mineral fertilizers — ammonium
sulfate at a concentration of 0.05-0.20 %, and potassium chloride at a concentration
of 0.20-0.30 % cause the death of snails of the genera Lymnaea and Planorbis in 24—
72 hours after application. Hydrogen peroxide at a concentration of 1:40000 and
potassium permanganate at a concentration of 1:400000 also kill snails within 24-48
hours. Commonly available products also have pronounced molluscicidal action: table
salt (NaCl) and baking soda (NaHCO3) at concentrations of 0.30-0.50 %. Changing
the pH in the habitat of snails, i.e. water in snail biotopes, towards acidity (3.8-6.2)
and alkalinity (8.0-8.4) also result in the death of snails, and the optimal environment
is with pH = 7.8. These means are safe for animals and the environment, as evidenced
by the results of experiments carried out on sheep, which were administered with
molluscicide solutions orally using a probe in an amount of 1.5 liters per animal and
by ad libitum drinking for 3 days.

Keywords: molluscicides, sheep, freshwater snails, intermediate hosts, mineral
fertilizers, water pH

Introduction. Fascioliasis,
paramphistomatosis, and

(Fasciola hepatica and
Orientobilharzia) and genus Planorbis

orientobilharziasis occupy a special
place in the pathology of domestic and
wild animals, especially ruminants —
sheep, goats, cattle, deer, and others. The
causative agents of these helminthiases —
trematodes Fasciola hepatica (Linnaeus
1758), Orientobilharzia (Dutt &
Srivastava, 1955), as well as the family
Paramphistomatidae (Fischoeder, 1901)
have their preimaginal development in
the body of snails — representatives of the
family Lymnaedae, genus Lymnae
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(Paramphistoma) [7, 8]. Consequently,
in the complex of control measures
against fascioliasis, orientobilharziasis,
and paramphistomatosis, the control of
snails is important.

Analysis of recent researches and
publications. It is known that the control
of snails — intermediate hosts for
causative agents of helminthiases is
carried out by physical methods, i.e.
draining the snail habitats (biotopes), by
biological methods — breeding waterfowl
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(ducks, geese) in the snail habitats, and
by chemical methods — processing

biotopes of snail by chemical means, i.e.
molluscicides [8]. The last method is the
most effective and reliable, it allows to
clean up quickly and fully the infected
areas in pastures, to neutralize the
reservoirs inhabited by snails.
Gorokhov (1966, 1970) made a
significant contribution to the studying
and development of measures to control
freshwater snails — intermediate hosts for

pathogenic helminths, including the
causative agents of fascioliasis,
orientobilharziasis, and

paramphistomatosis, he not only run a
search for new molluscicides but
summarized and analyzed more than 500
works of domestic and foreign authors
that were devoted to the research and
application of molluscicides [3, 4].

As a result of the research, methods
were found and developed for the use of
such means as 54'-
Dichlorosalicylanilide and other drugs of
this series, copper sulfate, which were
introduced into the practice for control of
freshwater snails in order to prevent
trematodosis [1, 2, 5, 6]. However, these
means  are  either  inaccessible
(Dichlorosalicylanilide) or highly toxic,
I.e. environmentally hazardous.

Purpose. In the light of the
foregoing, we set out to find and develop
methods for application of available,
non-toxic, environmentally friendly
molluscicides [9-12]. For this purpose,
we have tested and developed a method
for application generally available,
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relatively cheap, low-toxic, and almost
safe for the flora and fauna of the
environment means for control of
freshwater snails — intermediate hosts for
causative agents of fascioliasis,
paramphistomatosis and
orientobilharziasis.

Methods. The study on the search
for new molluscicides and the
development of methods for their
application was carried out in laboratory
conditions, i.e. in aquariums, and then
directly in the external environment, in
pasture areas where freshwater snails
live (biotopes).

We tested both commonly available
means — table salt (NaCl) and baking
soda — sodium bicarbonate (NaHCO,),
and those used in agriculture, human and
veterinary medicine — mineral fertilizers
(ammonium  sulfate  ((NH;).SOy,),
potassium chloride (KCI), phospho-
urea), hydrogen peroxide (H,O,), and
potassium permanganate (KMnQ,) in
different concentrations (from 0.001 to
1.0 % or more), i.e. in proportion from
1:1000 to 1:1000000.

The effect of environmental pH
values (water pH) on the viability of
snails was also determined by changing
water pH towards acidity (pH = 3.8-6.5)
and alkalinity (pH = 7.4-8.5), for which
we used hydrochloric acid (HCI) and
sodium hydroxide (NaOH).

The freshly collected freshwater
snails from natural reservoirs (biotopes)
were used in the laboratory experiments.
50-100 specimens were placed into
aquariums with different substances that
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were tested as molluscicides and at
different concentrations. Observations,
I.e. the physiological state of the snails,
their mobility, the number of alive and
dead animals were determined in 30, 60
minutes, and every hour until 24 hours
after the snails were placed into
aquariums with molluscicides and in 3,
5, 10, 15, 20, and 25 days.

Experiments on testing
molluscicides in natural conditions, i.e.
in biotopes of snails, were carried out in
the daytime starting from 12 until 17-18
o'clock — during the period of snail
activity. The tested molluscicides in
certain concentrations were introduced
into natural reservoirs where snails lived
in the form of concentrated aqueous
solutions, taking into account the
achievement of the  necessary
concentration of molluscicides in the
water of the biotope. The observations
were carried out for 30, 60 minutes, and
after 3, 5, 12, 24, 48, 72 hours and then,
depending on the physiological state of
the snails, in the morning and evening
during 20-25 days. Snails, which were
used as a control, were placed in separate
aquariums with ordinary tap (artesian)
water with pH = 7.4,

In order to determine the safety of
new molluscicides for animals and the
environment, special experiments have
been carried out, the essence of which is
to exclude animal poisoning when
molluscicides are applied in biotopes of
snails. For this purpose, two series of
experiments were carried out. In the first
series of experiments, molluscicides
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were given to sheep forcibly, i.e.
molluscicide solutions were
administered using a probe in the amount
of 1.5 liters. The second series of
experiments included determining the
effect of molluscicides on the body of
sheep by ad libitum drinking for 3 days.
The clinical observation and
hematological examination were carried
out before and after the administration of
molluscicide solutions using a probe or
by ad libitum drinking.

Results. In the first series of
experiments carried out under laboratory
conditions, it was found that solutions of
sodium chloride (NaCl) at a
concentration of 0.4 %, potassium
chloride (KCI) at a concentration of
0.1%, ammonium sulfate ((NH4),SO,) at
concentrations of 0.05 and 0.1 %, as well
as phospho-urea at a concentration of
0.3 % induce the death of snails within
24-48 hours. It was found that the
devastating effect of ammonium sulfate
and potassium chloride was more
pronounced during the first hours after
snail exposure, i.e. already within 1-3
hours caused the death of 60—70 % of
snails and this process was completed
mainly in 24 hours. Comparatively
slower was the effect of table salt and
phospho-urea, which induced snail death
after 12-24 hours of exposure. Lower
concentrations of molluscicides than the
above-mentioned somewhat decelerated
the snail death, and an increase in the
concentration of substances accelerated
the process of snail death (Table 1).
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1. Results of testing table salt and some fertilizers on freshwater snails
Lymnae and Planorbis in laboratory conditions (aquariums)

Tested means Concentration, | Terms of snail Other observations
(%) death
The reproduction (egg laying) of

Table salt (NaCl) 8;:2; 21%?5 snails was observed at the lower

o y concentrations (0.2-0.3 %)

0.1 6-10 days High concentrations (0.5-1.0 %)
Potassium chloride 0.2 3-5 days induce quick (2—-3 hours) snail death
(mineral fertilizer) 0.3-0.5 1 day and the release of soft tissue from the

0.5-1.0 2-12 hours shell

Ammonium sulfate 06015 231 ﬂgﬁs Snail death occurs quickly, mostly
(mineral fertilizer) 10 12 hours during the first hours after exposure

0.4 —
Phospho-urea 0.6 - Only high concentrations (0.7—
(mineral fertilizer) 0.7 7 days 1.0 %) induce snail death

1.0 10 days

The molluscicidal effect of concentration of 0.2 % induce the death

phospho-urea is much less pronounced
than the effect of other mineral fertilizers
— potassium chloride and ammonium
sulfate. This substance, i.e. phospho-
urea leads to snail death only at
concentrations of 0.7-1.0 % and requires
a longer (7-10 days) exposure of this
substance on snails.

It was found that the water pH also
affects the terms of snail death: a change
in the water pH towards the acidity
(pH = 3.8-6.2) induce the snail death in
30 minutes and 72 hours, and slightly
alkaline water (pH=28.0-8.4) in a
significantly short time, i.e. kills snails
for 2-3 hours. The most suitable, i.e.
optimal for snails is a water pH of 7.8.

In experiments carried out directly
in natural habitat, i.e. in biotopes of
freshwater snails, we found that
ammonium sulfate at a concentration of
0.05% and potassium chloride at a
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of all (100 %) snails within 24 hours.

In natural biotopes, table salt
(NaCl) at a concentration of 0.5 %
induces snail death in 24 hours. Sodium
hydroxide (NaOH) at a pH of 8.5 Kills
98 % of snails for 24 hours.

In experiments carried out in
laboratory conditions (in aquariums), it
was found that the effectiveness of the
studied molluscicides is quite high, as
well as the previously recommended
means — copper sulfate (CuSO,) at a
concentration of 1:5000. So, solutions of
ammonium sulfate, potassium chloride,
sodium chloride at concentrations of 0.1,
0.2, and 0.4 %, respectively, showed a
sufficiently high molluscicidal effect, as
well as copper sulfate in the mentioned
above concentration. The molluscicidal
effect of water with different
concentrations of hydrogen ions (pH),
which was created using hydrochloric
acid (pH =4.0) and sodium hydroxide
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(pH = 8.5), was also similar to the effect
of a copper sulfate solution in a
proportion of 1:50000, i.e. these means
caused the snail death for 2-2.5 hours.

The results of determining the
effect of tested new molluscicides on the
clinical state and hematological
parameters in sheep showed that
potassium chloride at a concentration of
0.3%, ammonium sulfate at a
concentration of 0.2 %, table salt at a
concentration of 0.5 %, and water with a
pH equal to 4.0 and 85 when
administering to sheep through a probe
in an amount of 1.5 liters and by ad
libitum drinking of these molluscicide
solutions to sheep for 3 days do not have
a clinically pronounced toxic effect and
do not cause any deviations from the
physiological norm in hematological
parameters.

Conclusion. A sufficiently high
molluscicidal effect against freshwater
snails of the genera Lymnae and
Planorbis — intermediate hosts for the
causative agents of fascioliasis (Fasciola
hepatica, F. gigantica),
orientobilharziasis  (Orientobilharzia
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HOBBIE MOJUIIOCKOIMU/IbI B BOPBBE C ITPECHOBOJHbIMHU
MOJJUIIOCKAMM - ITPOMEXKXYTOYHBIMU XO3EBAMUAU
BO3BYI[I/ITEJIEI7I (I)ACIII/IOJIE3A, IMAPAM®P®UCTOMATO3A U
OPUEHTOBUJIBI'APLINO3A
H. 2. IOapames

Anomauia. B cmamve npedcmasienvl pe3yibmamsl UCCIE008AHUS HOBLIX U
00CMYNHLIX cpedcms OOpbObL ¢ NPECHOBOOHLIMU MOINOCKAMU. Y CMAHO8IeHO, YMmOo
MUHepanvHvle Y0obpenusi — cyrvgpam ammonus 6 xouyenmpayuu 0,05-0,20 % u
xnopuo xaaus 6 kouyenmpayuu 0,20—0,30 % ewvizvigaiom eubenvb MOAIOCKO8 POO08
Lymnaea u Planorbis uepes 24-72 uaca nocne npumenenus. Ilepexuco 6o0opooa 6
kouyeumpayuu 1:40000 u nepmaneanam rxanus 8 konyenmpayuu 1:400000 maxkoice
yougarom mouanockos 6 meuenue 24—48 uacos. Buipasicennvim monnockoyuoHsvim
Oeticmsuem ooaadarom maxdice oouedocmyntole cpeocmea. nosapennas cois (NaCl)
u nuwesas cooa (NaHCO3) ¢ konyenmpayusx 0,30-0,50 %. Hzmenenue pH cpedwi
0OUMAHUSL MOJLIIOCKO8, MO eClb 800bl 8 UX OUOMONAX, 8 CMOPOHY KuciomuHocmu (3,8—
6,2) umu wenounocmu (8,0-8,4) makoce npusooum Kk eubenu MOMIOCKO8, A
ONMUMATLHOU 0I5l UX CYuWecmeosarnus asnsemces cpeoa ¢ pH = 1,8. Omu cpeocmea
AGMAIOMC  Oe30NACHLIMU  OJIs1  JHCUBOMHBIX U OKpyJicaiowell cpedvl, O UYem
C8UOeMeNbCBYION Pe3yIbmamvl IKCHEPUMEHMO8, NPOBEOCHHbIX HA 08UAX, KOMOPbIM
3a0a8anu pacmeopvl MOJLIIOCKOYUOO8 OPATIbHO ¢ NOMOWbIO 30HOA 8 Koaudecmae 1,5
aumpa Ha 1 sxcueomroe u nymem c60600H020 8bINAUBAHUSL 8 MEYeHUU 3 CYMOK.

Knioueevie cnoea: monntockoyuovl,  08Yvl, NPECHOBOOHbIE  VIUMKU,
NPOMENCYMOYHbIE X035e8d, MUHepaibHble y0ooperus, pH 600bi
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HOBI MOJIIOCKOIIMAN IJIs1 BOPOTBBU 3 IMPICHOBO/IHUMU
MOJIOCKAMA - HNPOMIZDKHUMUMU TOCHOJAPAMHU 3bYJIHHUKIB

DOACHIOJIBO3Y, HAPAM®ICTOMATO3Y I OPIEHTOBLJIBXAPHIO3Y
H. E. FOanameB

Anomauin. Y cmammi npeocmagneni pe3yibmamu 00CHIONCeHH HOBUX MdA
docmynHux 3aco6ie 6opomvOU 3 NPICHOBOOHUMU MOTIOCKAMU. Bcmamnoeneno, wo
Minepanvhi 0obpusa — cyrvgham amonito 6 konyeumpayii 0,05-0,20 % ma xaopuo
kanito 6 konyewmpayii 0,20-0,30 % cnpuuunorome 3acubenp MoarOCKi8 pooie
Lymnaea ma Planorbis uepe3 24—72 200unu nicns 3acmocysannsi. Ilepexuc 6oomio 6
konyenmpayii 1:40000 i nepmaneanam xanito 6 xouyenmpayii 1:400000 makoor
8OUBAIOMb MONIOCKIB 8NP0008HC 24—48 200un. Bupasiceny monockoyuony 0iro Maomo
Mmakoic 3a2anbHodocmynti 3acoou: kyxouta cinw (NaCl) i xapuosa cooa (NaHCOs3) y
konyeumpayiax 0,30-0,50 %. 3mina pH cepedosuwa icnysanus mMonrocKie, moomo
600U 6 ixuix 6iomonax, y 0ix kucromuocmi (3,8-6,2) uu nyxcrnocmi (8,0-8,4) maxoorc
npu3eo0ums 00 3a2ubeni MOJIOCKIB, A ONMUMATbHUM OJisl IXHbO2O ICHYBAHHS €
cepedosuwe i3 pH = 7,8. L]i 3acobu € b6e3neunumu 051 meapun ma HABKOJIUUUHbO2O
cepedosuya, NPo wo CeioUamsv pe3yibmamu eKCNepUMeHmMi6 NPoBeoeHUx Ha BiBYSX,
AKUM 3A0A8a1U PO3UUHU MOTIOCKUYUOIB OPATLHO 3d OONOMO2010 30HOY 8 Kinbkocmi 1,5
nimpa Ha 1 meapuny ma wisxom 8iIbHO20 8UNOIOBAHHSL BNPOO0GIC 3 0i0.

Knwuoei cnosa: monrockoyuou, 6ieyi, NPICHOBOOHI MONIOCKU, NPOMINCHI
2ocnodapi, minepanvhi 0oopusa, pH 6oou
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