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ABSTRACT

Laboratory trials for the controling two snails species namely Biomphlaria
alexandrina and Bulinus trupcatus were carried out. Three carbamate compaunds
{Trimethacarb- Thiodicarb and Methiocarb) and three organophosphorus compounds
(Trichlorofon; Phormothion and Phorate) were tesied for their moliuscicidal activities
at intervals with time up to 10 days. On basis of LDsy values after 24 h. or 48
h.exposure, the toxicity order for the carbamates compounds were trimethacarb >
thiodicarb > methiocarb and that of organophosphorus compounds was trichlerofon =
formcthion > phorate. Biomphalaria alexandrina was found to be more sensitive to all
the pesticides tested than Bulinus {fruncales, snails.

Also the chemical stability of the previous pesticides in water was determined
using HPLC method for all pesticides tested. This was done by aliowing the expacted
LCoo values for 24-hours exposure to stand for varying periods before testing (hem
against scails. The stabiity of the previous pesticides were ranged as foilow:
trimethacark > thiodicarb > methiocark > formothion > phorate > trichlorafon, that with
HPLC method and with loxicity test agains| Biormphalaria alexandnina, snails,

INTRODUCTION

[n many countries of world, fresh water reservoirs are foci for snail
pests, the intermediate host of Schistosomiasis and Fasciolasis , which cause
immense damage to both livestock and water submerged crops. Of these
Biomphalaria spp. and Bulinus spp. are intermediate host of Schistosoma
spp. and Lymnaea acuminate is an intermediate host of Fasciola hepalica
and Fasciola gigantica, the infection of which is endemic in these livestock of
this countries. In other pars of the world, however, carbamate and
organophospharus compounds have been successfully used for contrelling
snails. (Hammer, 1962; Barry, 1969; Brar and Simwat, 1973; Garthwait and
Thaomas, 1869, Davidson, 1962; Getzin and Cole, 1964, Judge, 1969,
Jurbery etal, 1995 and Sturrock, 1985} In view of the urgent for the
elimination these snails, the present work studied the toxicity of various
pesticide groups in order to develop specific candidate molluscicides for
controlling pest snails. Many Authers studied the pharmacoiogy of carbamate
and grganophosphorus compounds (trichiorfon, formathion and phorate) on
the isolated heart, radular protractor muscle and rectum of Pila gloposa and
found that these pesticides inhibited cholinesterase in these organs to varying
degrees. The efficiency of a molluscicide must certainly be related to its
chemical stability, but just how stable a compound need be for maximum
efficiency has not been determined (Singh and Agarwal, 1978a&1974b;
Singh and Agarwal 1979; Singh, 1995 and Caupland, 1298). Its possible that
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individuai differences in stability may prove desirable, because of cother
characteristics of compounds, or perhaps because of the types of snail
habitat in which they must be used, their methods of application, the domestic
needs for the treated water, or because of concern for ecological balances. In
order to select a specific candidate molluscicides, laboratory trials on this
study were carried out on three carbamate compounds ( trimethacarb;
thiodicarb and methiocarb) and three organophosphorus compounds
{trichlorofon; phormothion; phorate) in order 1o defermine such concentration
of these, that kil 50% of the snails when exposed to pesticides for varying
time period, also to determine the chemical stability in water by allowing the
approximate LC90 values for 24-hour exposure to stand for varying periods
before testing them against snails and the concentrations were determined
after 10 days using High Perfermance Liquid Chromatograpyy (HPLC).

MATERIALS AND METHODS

Analytical methods
High Performance Liguid Chromatography (HPLC)

The moiluscicidal concentration in the aguecus solutions were
usually measured from direct samples with HPLC.Only at very low
concentration levels , Solid Phase Extraction with C-18 modified silicagel was
used as enrichment method. Quantification was performed by automatic
integration of peak areas and calibration with external standards (Luhing
et.al., 1979; Muir and Grift, 1980 and Churchill and Ku, 1980}

HPLC: Pumpe: Modell 590 Fa. Water, Detedctor: UVAVIS- Diodenarray
detector HP 1040 A with DPU multichannels Integrator (Fa Hewlett Packard).
The chromatographic conditions for the molluscicides are listed below:
for carbamate compounds: Column 250x4 mm, Hypersit APS um, acetonitril /
water 60:40, 1.2 ml/min. UV-detector 235 nm.for organophosphorus
compounds: Column 250x4 mm, Hypersil ODS 5 um, Precolumn 20x4 mm,
Nucleosil- C18, 30 um, Methomol/water 80:20, 1.2 ml/min., UV-detector 235
and 2¢5.

Test animals:

Biomphalaria alexandrina (Eherenberg) and Bolinus truncates
(Audetin), the tow common snaiis, which present the intermediate host of
Schistosomiasis (Bilharisiose desease) in Egypt. These snails were collected
from wvarious parts (irrigation canals) located in North Eltahrir, Behera
Governorate, Egypt, that had not been treated with molluscicides. Both snail
species were held for 2 months prior to testing under labaratory condition in
glass aquaria containing 15 liters of dechlorinated tap water by aeration, that
had a total hardness of about 100 ppm (as CaCuQ,), 2 pH of about 7.5 and at
a temperature of 24-25 °C), normal lighting (flucrescent), and fed on fresh
lettuce leaves daily. The water in the aquaria was changed twice weakly and
the snails were acclimatized under these laboratory conditions for a period of
at least two months before being used in the experimental tests (Hopf and
Mutter, 1962).
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Pesticides used:

Carbamate compounds:

Trimethacarb: 2,3,5 (or 3,4,5)- trimethylpbenyl methylcarbamate {(Robne
Poulene Agrochemie.

Thiodicarb: Dimethyl NN'- [thiobis [(methyliming) carbonyloxy]] bis
[ethanimidothioate], (Rohne Poulene Agrochemie).

Methiocarh; 3,5 dimethyi-4-{methylthio) pheny! methylcarbamate, (Rohne
Poulene Agrochemig).

Organophosphorus comopunds

Trichlorofon: 2,2 2- trichloro-1-hydroxyethyl phosphate, (Bayer A.G.}.
Formothion:Q,Q-dimethyl-S-{N-methyi-N-formoylcarbamoyl-methyl)
dithiophosphate, introduced by sandes Co. Ltd., Swissland.

Phorate; O O-dielhyl-S-(ethylthin)methyl phasphrothioate, Unicn Carbide Co.

Testing procedures
1- Effect of the tested pesticides against Biomphalaria alexandrina and
Bulinus truncates, snails.

Experimental snails {2-3 mm and 3-4 mm in diameter for
Biomphalaria alexandrina and Bulinus truncates, respectively) were kept
separately in all glass aguaria containing 3:1 of dechlorinated water, each
aguaria contained 10 experimental animals. Four aguarius {4 replicates of 10
snails) were set up for each concentration of each pesticide tested, equai
number of animals were kept in a similar manner without the cherical (as
controd).  Both species of animals were exposed to different concentrations of
each pesticide for a pericd of 10 days. A total number of 200 of each snails
were thus, exposed to each pesticide. The aquaria were covered with cloth
netting secured with a rubber band in order to prevent the snails from
escaping and were kept aerated through the duration of experiment,
evaporated water during the experimental pericd was replaced Dead snails
were removed as soon as possible in order to prevent the decomposition of
the body in the aguaria, which was observed to cause rapid death in the
remaining populations. Concentration of pesticides are given as final
concentration of active ingredient in water.

Snail mortalities were recorded daily during an observation period of 10
days. The LCs, values (mg/) of each pesticide for 24, 48, 72 96, 168 and
240 hours were calculated by the method standardized by the American
Public Health Association and others {1375}

2- Determination of tested pesticides stability by using Biomphalaria
alexandrina, snails.

The chemical stability of pesticides tested was defined as the length of
time its pesticidal activity remained unchanged when dissolved in water at a
concentration close to the LCg; required for 24-hour exposure The tests were
performed under normal laboratory lighting {fluorescent) , in dechlorinated tap
water by aeration, that had a total hardness of aboul 100 ppm {as CaCDs). a
pH of about 7.5 and ata temperature of 24-25 °C. Dechlorinated tap water
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was used in preparing the final solutions, which were ailowed to stand for 2,
4, 8, 18, or 32 days before snails, were added. Water that evaporated was
replaced during the experimental period. The snails were exposed for 24
tours and the recovery period was sufficiently long for snails to return to
normal activity or to die, the period was usually 24 hours, but for some
pesticides was up to 72 hours. Mortajities did not occur among control snails,
that were handled similarly but without chemical.

RESULTS AND DISCUSSION

The toxicodynamic properties of the carbamate compounds
{trimethacarb thiodicarb and methiocarb) and crganophosphorus compounds
(trichlorofon; formothion and phorate) in order of their toxicity at six different
time intervals on the snails tested have been summarized in Tables 1 and 2.
It is obvious from the tables that within the range of doses tests LD values
of all the six compounds could not be calculated after 24 k. exposure lo the
pesticiges. Based on the data on LDs values from 48 h. to 240 h. exposure
time the toxicity of the carbamate compounds against both snails species
were trimethacarb > thiodicarb > methiocarb, while those of the
organophesphorus compounds were trichlorofon > formothion > phorate. It
can be seen that even afier 48 h. of exposure, failed to kill more than 50% of
the snails within the tested dose range. Another fact which became obvious
during these studies was that the LDs, values were time independent when
the exposure time was increased from 24 h. to 240 h. {Tables 1 and 2). Of
the two animals tested | it was found that Biormphalaria alexandrina was more
sensitive to these peslicides tested as compared o Bulinus runcales, snails.

Table {1): Toxicity of pesticides tested against Blomphalaria
alexandrina, snails at time intervals

LDs, {mg/l) of active ingredient at time intervals

48h. | 72 h,

’ Pesticide doses (mg/l)

Carbamate compaounds
2.865 25

rimethacarb 3.32
[Thiogicarb -+ 1138 ] 85
Methiocarb 0.0 245 | 175
Organophosphtus
richlarofon * 2.08 1.5 0,38 | 028 0.06

Formothion 2875 | 235 | 210 625 | 5.2
Phorate - -~ 2726 235 | 1575 ] 510

*|.Dg, values could not obtained within tha range of tested concentration

During these experiments it was found that except of trimethacarb,
pesticide, all pesticides tested caused paralysis (o tested snails within 24 h. of
exposure to the different concentrations even though the animal remained
alive for varying length of time. There was no mortality in the controi group.
These data on the relative toxicity of three carbamate compounds
demonstrate that trimethacarb was the most effective, while methiocarb was
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the least effective against the snails tested. It has been reperted by Metcaif
(1971) and Matsumura (1276} that carbamate compounds having N-methy!
and N,N'-dimethyl group in their molecule possess a high degree of anti-
ACNE property. In the fact that trimethacarb possesses both trimethyl as will
as n-methyl group in its molecule supports the above hypothesis thiodicarb
has dimethyl group, whereas methiocarb has methyl and dimethyl group.
Also methiocarb contains an Sulpher atom which is supposed to reduce the
anti-AChE property of anti-AChE pesticides (Metcalf, 1971). Reports from
earlier Workers shcow that the loxicity of carbamate compounds on other
species of molusks is also somewhat similar {Ishak etal, 1872, Chiang,
1877 and EI-Emam and Ebeid, 1989).

Tahle (2): Toxicity of pesticides tested against Bulinus truncatus, snails
at time intervals.

LD (mg/l) of active ingredient at time intervals
] .1 72h. | 86 h. | 168 h, | 240 h.
I ‘ .

2.62J 25 | 2.0 | 182
450 | 375

[
! 25.9 Lg.as

| 2.0 [ 41.0

30 | 22
245 1 105

18.4

“LDsg vaiues couid not obtained within the rangse of tested concentration

The presented resuits in this sludy supports the previous studies of
(Metcalf, 1971; Hartley, 1975, Jonson, 1877 and Singh, 1985). Trichlorofon
which is a phosphate analogue was found to be highly toxic to Biomphalaris
alexandnna and Bulinus lruncales, whereas phorate being a
phosphorothioate was the least effeclive amongst the three tested
organophosphorus compounds. Formothion a lower LDsy 25 a compared to
the latter against both species of snails. (Metcalf 1971, Hartley, 1975
Jonson, 1977 and Singh, 1995)

On the other hand the depicted results in table 1 shows that even though
the LDy values of richloroton were lower as compared to formothion yet the
iatter couid kill more than 50% of the animals anly after 24 h. of exposure
time. Since 1t has been shown that the organophosphorus compounds lahe a
longer time to act, the acute toxicity caused by formothion may be because of
the presence of carbamoyl moiety in this compound (Singh and Aganwal,
1978b; Singh and Agarwal, 1979) in vew of the above findings it is
suggested that low dosed of frimethacarb or trichtorofon be fried for longer
periods, e.g. 10 days for the conirui of these snails.

in conctlusion the resulls depicted in Figures. (1} and (2), it was clearly
that Biomphataria alexandrina and Bufinus fruncatus were sensitive o all
concentrations tesled with some variations in the exposure times to the
different pesticides.
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Fig 1: Toxlcity test of some pesticides agains\ Biomphalaria alexarxirina at time Inwarvals
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Flg. {2): ToxicRy test of soma pesticides against Bufinus fruncatus al lime inlervals
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Also by this methods of treatment it was shown that small
concentrations of pesticides can be used sucessefully to control these snails
and to reduce the environmental pollutions. Also the speed of toxicant actions
against snaiis expiain that carbamates insecticides, trimethacard- thiodicarb
and methiocarb can be used as molluscicides, while the organcphosphorus
insecticides, trichlorofon; formothion and phorate showed less effective
against these snails species.

The stability of the previous pesticides were determined using the HPLC
methods. The spected LC90 values Against Biomphalaria alexandrina were
used to determine the stability of pesticides tested. Results in table {3)
showed that these pesticides were not stable in water up to 10 days. The
concentrations were reduced to approximately 1/10 of the initial deposite
concentrations for all pesticides tested.

Table (3): Detected concentrations of some pesticide residues in snails
water aquarious, 10 days after treatment at the levels of
LCy by using HPLC methods

. Initial deposite Concentrations (ppm) after 10

Pesticides concentrations (ppm) days i 1
rimethacarb 8.20 0.80
hiodicarb 19.60 0.25
Methiocarb 85.00 9.25
[Trichlorofon 9.25 0.04
Phormothion 68.75 405
Phorate 48.00 4.9

Also, the effectiveness of those concentrations were tested against,
Biomphalaria alexandrina, snails. Results illustrated in table (4) showed that
all pesticides were effective with 100 % mortalities of the experiment, then it
was reduced to less than 30 % monrtalities after 10 days of solutions
preparations, which agree with the previous obtained results which
determined using HPLC methods and explain, the figured results in tabie {1)
for the effectiveness of these pesticides for a long time period of exposure.
Table (4): Chemical stability of some pesticides using the, LCs

concentrations (after 24-hour of exposures) to stand lor varying
periods before exposing snails, Biomphalaria alexandrina

% Mortality after standing for

Insecticides Lléxgected {(days) ¢ j

80 (ppm’ 1jdaﬂ 10 (ga)[SL J

Trimethacarb 8.20 100 20 j,
[Thiodicarb 19.60 100 225 N
Methiocarb 85.0 95 50 !
Trichiorofon ] 9.20 100 | 18 4
Phormothion 68.75 | 100 28 .
Phrate 48.00 i 100 0.0 *

* 4 Replicates of 10 snails).
** Expecled LCw concentrations was calculated after 24 hours at the
beginning of the experimental period.
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The efficiency was probably related to the protection from sunlight
afforded by the darkcoloured water, since in other endemic areas, where the
water was clear, the basic stability of trimethacarb was not apparent
methiocarb, which average stability and moderate vulnerability to physico-
chemical factors, has proven very effective in both standing and free-flowing
water, the two moluscicides that showed the lowest basis stability in the
presence study {phorate and trichlorofon} have given commendable results in
field trials (EI-Gindy and Mohahamed, 19783; Calvin, 1981 Sullivan et.al., 1994
and Emara, 1994).

REFERENCES

American Public Health Association, American Water Works Association and
Water pollution Control Federation: In Standard amethods for the
examination of water and waste water. 14" ed.: 874, Washington, D.C.
(1975).

Barry, B.D. (1969). Evaluation of chemicals for control of slug on field corn in
Ohio. J. Econ. Entomol., 62: 1277.

Brar, H.S. and Simwat (1973). Control of the common slug, Laevicaulis Alt
Feerussa ({Gasropoda) with certain chemicals. J.Res. Punj. Agric
Univ., 10:99

Calvin, D.B. (1981). Glycogen content of fresh water mussels. Proceeding of
the Society for Experimental Biology and Medicine, 29: 96-97.

Caupland (1996). The efficacy melaldhyde formulation against snails, BCBC
Symp. Proc. 66, Slug and snails Pests in Agric., 151-158.

Chiang, P.K. (1977). Glycogen metabolism in the snail, Biomphalana
Glabrata. Comparative Biochemical and Physiology, 58B: 9-12.

El-Emam, M.A. and F.A. Ebeid (1989} Effect of Schistosoma mansoni
infection, starvation and molluscicides on acid phosphate transaminase
and total protein in tissue and hemolymph of Biomphaiaria
alexandnna. J. of the Egyptian Society of Parasitology, 19(1):139-147

El-Gindy, H.l. and A.M. Mohamed (1978). Some biological and physiologicai
observation on the effect of repeated appiication of low concentrations
of bayluscide against Bulinus truncates and Biomphalaria alexandrina.

Emara, L.H. (1994). The development of slow-release molluscicides in a
biodegradable gelatin matrix. J. Controlled Release, 31. 255-261.

Getzin, LW. and S.G.Cole (1964).Evaluation of potential molluscicides For
slug control. Wash. Agr. Exp. Sta. Bull, 658: 9.

Garthwait, D.G. and M.R. Thomas (1996). The use of moiluscicides in
agriculture and horticulture in Great Britain in the last of 30 years.
BCPC Symp. No. 66 on 8lug and Snails Pests in Agriculture,
Canterburg, September :35-46.

Hammer, OH. (1962} Zectran pesticides- some chemical and physical
properties and some results from use on pests on ornamental plants
Down to Earth, 17: 9.

Hartley, G.S. (1975). Agricultural pesticides, Chemical and physical methods
of formuiation In. Drug design (Ed. Ariens, E. J.), 6: 298

2267



El-Naggar,M. M. F.

Hopf, H.S. and R.L. Multer (1962). Laboratory breeding and testing of
australorbis glabratus! for molluscicidal screening. Bull. WHO 27: 783.

Ishak, M.M. and AA. Sharaf and A.H. Mohamed (1972). Studies on the mode
of action of some molluscicides on the snail Biomphalaria alexandrina,
II. Inhibition of succinate oxidation by bayluscide, sodium
pentachlorophenate and copper sulphate. Comparative and General
Pharmacology, 3: 358-390.

Jonson, J. (1977). On the aromatichydroxylation of amphentamine in rat liver
microsomes and perfused liver preparation: effect of iong term
administration. Acta Pharmacol., Tocicl., 40; 517.

Judge, F.D. {1969). Preliminary screening of candidate molluscicides. J.
Econ. Entomol., 62: 1393.

Jurberg, P. (1995). Effect of Niclosamide (Bayluscide WP 70) on Behaviour of
Biomphalaria glabrata (Say), under taboratory condition Mem. Inst.
Oswald Gruz, 90 (2) Mar./Apr.: 1914,

Matsumura, F. {1976). Toxicology of insecticides. Plenum Press, New York
(1976).

Metcalf, R.L. (1971). The chemislry and biology of pesticides. In: Pesticides
in the environment (Ed., White-Stevens, R.), 1: 2.

Singh, O. and R.A Agarwal {1978a). Pharmacological studies, macological
activity of carbamate. Proc. 85", Ind. Sc, Cong. Part Iil, VII: 321.

Singh, O. and R.A. Agarwal (1978b). Pharmacological studies on the
moliuscicidal activity of phorate on pila globosa (gastropoda). Acta
Pharmacol. Et. Toxicol., 42; 365.

Singh, K. (1995). Molluscicidal activity of different combinations of the Plant
used in molluscicide Pestoban. Biological Agricultural and Horticulture,
12 (3): 253-262, Univ. Gorakpur, India.

Sturrock, R.F. (1895). Current concept of snail control. Mem. Inst. Oswald
Cruz, 90: 241-248.

Sullivan, J.T.; T.C.Cheng and C.C. Chen (1994). Genetic selection for
tolerance to niclosamide and copper in Biomphalaria glabrata
Tropenmed. Parasit., 35; 189-192,

2268



J. Agric. Sci. Mansoura Univ., 28 (3), March, 2003

&__!i_,ﬁu.b 4 guand) Ay phaa gl 5 Aol S0 CUEY) i (am ool A o
Bolinus w3 ji (s 33 sl § Biomphalaria alexandrina W bl L S gault
g lall u" Chawall 038 Gl 5349 truncatus

B EGIRPEN EPEU RPN

paa = Usih daaly = fdll AS de) 0 A0S - Gl dall and

Sy dall a8 il e e g AadlSal Dlanall G ol s Za gl Bia
L Ll U B galt adl 58 Las 5 Lo seldl s Sl 5 90 pLaY Jasae gl Jilall s
W i all 13gd aaaiul 5 Bolinus truncatus G\S3 5 gl sl 3 Biomphalana alexandrina
~ ol Sle o) ) e oa g Ay gl Ay phea sill 5 Aslaly SI DUV i e
(sl g — Cabsassd = Jsd sl 15— QS plall — S 5lass
H.m&ahh)ul_)ﬁglc“)ﬁu\cjl}mu_[c.\._1.|.u.ud|a.n_).ubh.\_).! Cud il g
S VE da i Al a1 e % 00 Al S alal ey ol 5 e
i lely SN S gl i 5 Sy e Jaaatiall A ey o Alalaall e el €A
= S Sl = LSl 51T VLS Jaeais V) R L
gV Lt e, Wi 5 ASH & peaell 4 5 ghan gill S el Al y 0 IS il
2y psilly = abse) st — s s 5 el HEY)
[ ERETI] H;J;....Ln. SIS 5 nA Ll cjlji.“ e ooo sill S J\ G_'IL'A.'J! ;1)4.]:1 LY
bl 03] Andiea ST Bomphataria afexandrina adl 5 ils oS I 3aall

3 alle JSA.“ aallu 5 i all Glanadl <l 52 g A 4l }L.;_“

( APLE) seiSl e Ll i o gila g S -aLul,J (3 ke Mladilly sl
L_y\:l‘gs&b)mwﬁa)auiuﬁﬂithQAhMICmef mid
[PREPE PR CF T VI R A R I P O S [P - ST PO DN
-( Initial time)
Jr—s e 3 Biomphatana alaxandrina o3l # e 2l S G o & il g Al Al ey
S Al a8l a3gd %00 ¢+ ge Apnd ibaefp Allad 5 iaall Cilanall apen O Ll
JeAadi %Y e S8 Cpall A ciaiddl o415 ke 2a s ( Initial time) Sapal
il gall am Allad Dl LGSy (HPLC) Hand g3 a8l ol S Al illadll y sl
Al se (e Jaghll saall (o) 5 jdell ga

2269



