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ABSTRACT

Thirteen insecticides including four organophosphates; five
synthetic  pyrethroids, two oxime carbamates, one organochloine
hydrocarbon and one antimoulting agent were compared for their aciite
toxicity in terms of 96hr. LCsq against two edible economically tmportant
clams (bivalves) Tapes decussata and Venerupis aurea, Generally, Tapes
decussata was more susceptible to these insecticides except for
endosulfan and diflucbenzuron to which Venerupis aurea was
particularly more sensitive,. The molar LCsy values were caleulared by
dividing the absolute LCsyValue in mg/l by the respective molecular
weight of each compound. It is anticipated that the molar LCsp values
will be more precise in attributing the acute toxicity to the molecular
structure.

The comparison revealed that the presence of halogen in general
and chlorine in particular are always correlated with hazard potential to
the tested marine clams. Therefore chlorpyrifos was the more toxic
followed by profenofos: in the four screened OP’s. Similarly,
cypermeihrin, fenvalerate and deltamethrin were the more toxic synthetic
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pyrethroids followed by, tetramethrin, and permethrin in a descending
order. The presence of cyanide moiety In cypermethrin fenvalerate and
deltamethrin supported their telative higher toxicity of class 1} ofthe
synthetic pyrethroides. Endosalfan containing six Cl, was found to be of
high toxicity especially to Venerupis aured.

Difluobenzuron contains also Cl and F, and was relatively of
higher toxicity espicially to Venerupis aurea. The order of relative
toxicity was changed according to the vanation in molecular weight.
Thus it can be concluded that acute toxicity is important to be screened
for each compound on various marine biota to detect the potential hazard
of pesticides as environmental pullutants.

INTRODUCTION

According to Butler and Springer (1963), the chemical damage to
non-target Organisis is not new, and studies were conducted by the U.S.
and Wildlife service and other Federal and State agencies in coastal
environments. The Bureau of Commercial Fisheries, Fish and wildlife
services, has laboratory investigations of the relationship between
pesticides and coastal fish and shellfish poisoning cases.

The large scale field application of pesticides by land or aerial
equipment will contaminate coastal areas either directly through
atmospheric or water runoff transport of the pesticide residucs,

The chlorinated hychocarbon insecticides were known as severe
killers of marine biota through their extreme acute toxicity and also its
persistence in the aqueous environment where it is stored by adsorption
on the sediments. Although, organophosphorous insecticides are strong
foxicants but they are considered Jess persistent in the environment.
However, it has been found, that parathion, may contaminate watersheds
for as long as nine months afler orchard applications (Nickolson et al.,
1962). Analysis showed that parathion was transported by runoft and
concentrated in lowlands and pond muds.
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Butler and Spninger {1963) emphasized ihat considerable species
and individual differences exist in tolerance fo the various pesiicides.
Consequently, Tesults 272 not necesserily predictable on the basis of werk
with related compounds, usually eack chemical must be evaluated. They
specifically indicated that the pesticidal effects on oysicrs, clams and
mussels may be less chvious; because the adult fomms (snuile) being
sedentary, benthiz inhabitants, botiom eaters, they canrot flea fom ile
pesticides-contaminated areas i the sediments. They added, it
chiorinated hydrocarbons are the most toxic pesticides tested in
laboraiory where they cause a 50% decrease In shell growth in 96 hours
at concentrations ranging from 0.007 to 0.5 ppm depending on the
compound. Lindane, organophosphorous, and carbamate insecticides and
herbicides were much less toxic. Loosanofl er ol (1957) found that
larvae of oysters were more suscepiible than adulis to DDT, all larvae
died in 96 hrs at 1ppm.

Kent and Johnson (1979) stressed that measuring pesticides in
water alone does not determine the safety of fish or marine biota
population in a given habitat. Both water and sediments should be
analyzed to give accurate pesticide pollution index. In Britain it has been
recommended that standard measurements of toxicity be carried out on
each new pesticide, Manufacturers arc asked to submit acute and long
term toxicity data of each new insecticide as a requirement for its
reqisteration { Alabaster and Abram {1965,

Fairchild ef af., (1992) described ihe aquatic hazard assessment of
the Organophosphours Insecticides on fish and aquatic invertebrates such
as daphnia.

Lisler and Jacknow (1985) concluded that toxaphene is extremely
toxic 1o fresh water and marine biota, and was considered a major cause
of Nationwide fish kills in 1977( Anderson, (1982). They concluded that
the 96 LCso on the Eastern Oyster Crassostrea virginica was 16 ppb,
while on Quahaug Clam, embryo Mercenaria mercenaria was 1120 ppb.
This indicated the relatively high tolerance of clams.
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Therefore, the present study was planned to screen the toxicity of
insecticides to two of the economic marine edible clams Tapes decussata
and Venerupis aurea which are mass produced for exportation at Temsah
Jake in Ismailia.

MATERIALS AND METHODS

Tested Pesticicies: |
Technical pure samples from the following pesticides were used
in this investigation:- ‘ -

Organophosphorous Compounds :-

Chlorpyrifos : CoHnChLNOSPS (M.W. 350.6) 0,0,-diethyl O-3,5,6-
trichloro —2-pyridyl phosphorothioate.

Fenitrothion: CoHiNOsPS (M.W. 277.2) 0,0-dimethyl  O-4-nitro-m-
tolyl phosphorothioate |

Pirimiphos-methyl: C;;HzN30sPS (M.W. 305.3) O-2-diethylamino-6-
methyl pyrimidin-4-yl 0,0 dimethyl phosphorodithioate.

Profenofas - CjH;sBrCIO:PS (MW, 373.6). O-4-bromo - 2-
Chlorophenyl O-ethyl S-n-propyl phosphorothioate.

Synthetic Pyrethroids:

Permethrin: CaHzCLO: (M.W. 391.3) 3-phenoxybenzyl (IRS, 3RS;
IRS, 3SR)  -3- (2,2-dichlorovinyl)-2,2=dimethyl.  Cyclo-
propanecarboxrylate.

Cypermethrin - CpH1oCLNO;(M.W.  4163) (RS)-a- cyano-3-
pherioxybenzyl (IRS; 3 RS; IRS; 3SR)-3-(2,2-dichlorovinyl) —
2,2=dimethyl cyclopropanecarboxylate.

Fenvalerate: (CasHnCl  NO;(M.W.419.9(RS)- -  cyano-3-
phenoxybenzyl (RS)-2 (4-chlorophenyl)-3-methyl butyrate.
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Deltamethrin:  CpHoBrMNOMW.  5052) (S a- cyano-3-
phenoxybenzy] (IILSR)'-3—(2,2-dibromovinyl)fz;i-dimethyi-cyclo-
propanecarborcylate. '

Tetramethrin:  CioHasNOs (MW,  331.4)  Cyclohex -1- ene-
(20dicarboxmidomethyl (IRS; 3RS; IRS; 35R)-2,2-dimethyl-3- (2-
methylprop-1-emyl)=cyclopropane carboxylate.

Oxime Carbamates:

Aldicarb: CoH N2 028 (M.W.190.3)-3-methy;-2-(methvkhin)
propioraldehyde O-methylcarbomoyloxime.

Methomyl:  CsHioN;0,S  (MW.  1622)  S-methyl  N-
(methylcarbamoyloxy) thio-acetamidate.

Chlerohydrocarbons:
Endosulfan: CoHsCiO3S (M. W 406.9) (1,4,5,6,7,7-hexachloro — 8.9,10-
trinorborns-5- en -2,3 ylenebis-methylene) sulphite.

Antimoulting agents:
Diflucbenzuron:  CyHyCIF;N;0; ( M.W.310.7) 1- (4-Chlorophenyl) -
3-(2,6-difluorobenzoyl)- urea.

Bioassay Organisms:-
The benthic bivalves of motluscs fauna of marine Vaneridae

snails : Venerupis aurea and Tapes decussata were used as bicassay
organisms.

The shell length was measured to the nearest 0.1 cm. This length
was considered as an index of size and age of the animals. The average
shell length of Venerupis aurea was 2,5 - 3 cm and for Tapes decussata
was 2,8 - 3; 1 cm. At , these measurements, it was easy to detect and

collect them accurately in’ pelagic areas. These clams were made
available from lake Timsah at Ismailia.
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The marine bentlfuc bivalves (2 species) were iransferred with sea
water, in big containers saturated with oxygeniuntil arrival to the Lab., at
Alareesh; clams were then transferred to a new sea-water in a 25 litter
glass aquaria and adaptation ook place to the lab. conditions for at least
10 days-before testing. In each glassbeaicer (1L capacity), 10 clams were
used in each replicate and 2 replicates were used for each concentration.
The sea water was aiso used for dilutions to one litter in each replicate.
That work was done for each tested species. The tests were repeated and
the average of mortality counts were recorded after 96 brs. By using the
concentration/mortality data, logarithmic probits relatmnshlps were
. expressed in log/probit regression lines.

The corresponding 96 hrs LCss’s with their confidense limits and
regression line slopes were computed according to Finney (1971).

The bioassay technique adopted in this study complies with the
standard procedure specified by the Americar Society for iesting and
Materials (ASTM){Anonymous,1980).. The procedure was previcusly
applied by Elsabae (1999).

RESULTS AND DISCUSSION

Relative Suceptibility of The Two Clam Species To The
Tested Pesticides:

Tables (1, and 2) present the acute toxicity data of the two clams
Tapes decussata and Venerupis aurea in terms of the 96 hr. LCs;p values.

The comparison between tables 1, and 2 indicates that the marine
clam Tapes decussate showed relatively kigher susceptibility towards the
tested pesticides than the second clam Venerupis aurea pariicularly when
comparing the LCsp values of the four OP’s, the five synthetic
pyrethroids and the chlorinated hydrocarbon endosulfan and the
antimoulting agent difluobenzuron. On the conirary, the clam Venerupis
aurea was more susceptible to the two oxime carbamates aldicarb and ;
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methomyl. These variations reflecis specificity differences between the
two species,. Besides, chlorpyrifos was always the more toxic of the
tested four organophosphorous compound against the two clam species,
followed by profenofos, fenitrothion, and pirimiphos-methyl in a

descending order.

Table (1): Acute Toxicity of Different Insecticides to the Marine clam

Tapes decussaza.
Tested | 96 hr LCs, Slope Cenfidence Limits
Insecticides ppm 95%
Chlorpyrifos 6.6 0.390 1.23x10°-—-3 54x]0°
Fenitrothion 56.0 0.522 1.004x107°—3 0x10™
Pirimiphos methyl 160.0 | 0.767 2.98x10°-—8.59x10™
Profenofos 35.0 0.528 6.52x10%--1.88x10™
Permethrin 300.0 0.667 5.59%107---1.61x10"
Cypermethrin 2.5 0.361 4.66x107---1.34x10"
Deltamethrin 90.0 0.543 1.68x107-—4.83x107
Fenvalerate 25.0 0.496 5.41x10°--1.15x10™
Tetramethrin 190.0 0.615 3.54x107---1.02x102
Aldicarb 280.0 0.795 6.91x10°-—1.14x107
Methomy! 4500 |0.788 9.7x10°---2.08x10”
Endosulfan 45 0.360 1.11x10%---1 8x107
Difluobenzuron 0.45 0.296 9.32x10%—2.68x10

Similarly, cypermethrin was the more toxic compound of the
tested five synthetic pyrethroids against the two clam species; followed
by fenvalerate, deltamethrin, tetramethrin and permethrin in a descending
order. The more acute hazardous compound to Tapes decussata was
difluobenzuron; while that to Vemerupis aurea was cypermethrin. This
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specificity in the toxic action coincides with the conclusion of Butler and
Springer (1963) who stated that considerable species and individual
differences exist in tolerances to various pesticides. They added that each
chemical must be tested separately without generalization, Thus the wide
variations in specificity necessitaie that each chemical in the environment
must be screened to evaluate its real hazard to the economic nomntargets as

the edible marine clams.

Table (2) : Acute Toxicity of Different Insecticides To The Marine
Clam Venurupis aurea -

Tested 96 hr LCx Slope Confidence Limits
Insecticides ppm 95%
Chlorpyrifos 30.0 0.410 | 5.56x10°~-1.61x10™
Fenitrothion 160.0 0.353 | 2.98x10°---8.59x10™
Pirimiphos methyl | 500.0 0.370 | 932x10°—-2.68x107
Profenofos 40.0 0.605 | 7.45x10°---2.15x10™
Permethrin 250.0 0.464 | 4.66x107-1 34x307
Cypermethrin 6.0 0311 | 1.12x10°---3.22x10°
Deltamethrin 60.0 0.365 | 1.3x10°---2.4x10
Fenvalerate 20.0 0430 | 4.33x10%--9.24x10°
Tetramethrin 150.0 0.462 | 3.9x10°---5.7x10™
Aldicarb 30.0 0.407 | 6.5x10%-—1.39x10™
Methomyl 35.0 0.352 | 7.58x10°—1.62x10™
Endosulfan 220.0 0.539 | 4.1x107---1.8x107
Diflucbenzuron 70.0 0.375 | 1.3x10°—3 76x10™

Molar L.Csq Values As 2 More Precise Criteria for Relative Toxicify:

Tables (3, and 4) show the variation in the molecular weight of
the conpared thirteen pesticides. The absolute L.Csp values in ppm were
converied to the corresponding molar LCsy values by dividing the LCso
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figure by its respective molecular weight. Because the active units in the
biological systems responsible for inducing the toxic action is the actual
molecules of each compound; therefore the molar LCso values are
considered the more precise criterion for comparing relative toxicitirs
(El-Sebae, 1963, and Elsabae, 1999).

Table (3): Melar 96 hr

L0

Marine Clam Tapes decussota

of Different Insecticides On The

26 hr Relative Molar Order
Tested LCs Mol. 96 hr
. Order of ) . of
Insecticides prm | . weight | LCsp o
, Toxicity Toxicity
values
Chlorpyrifos 6.6 4 st 3506 |0.0i88 4th
Fenitrothion 56.0 Trd 277.2 102020 8 th
Pinmiphos methyl | 160.0 9th 305.3 10.5240 9 th
Profenofos 35.0 6 th 373.6 |0.0936 6 th
Permethrin 300.0 12 th 391.6 | 0.7660 11 th
Cypermethrin 25| 2pd | 4165 |0.0060 | 2nd
Deltamethrin 90.0 8 th 5052 | 0.1781 7 th
Fenvalerate 25.0 Sth 4199 { 0.0595 5 th
Tetramethrin 1805 10 1h 3314 105733 10 th
Aldicarb 280.0 11th 1903 | 1.4714 12 th
Methomy] 450.0 13 th 1622 |2.7743 i3th
Endosulfan 4.5 3rd 406.9 {00110 3d
Difluobenzuron 0.45 1 st 310.7 [ 0.0014 1st

The differences in the molecular weights was reflected in
changing the order of relative toxicity of the compared thirteen pesticides
against both Tapes decussata and Venerupis aurea as shown in Tables 3
and 4. When the modecular weight is relatively smaller this will rank the
toxicity to a relatively lower order. Changes in order of toxicity were
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quite obvious in Table(4), because of the variation between the LCso’s
which was not broad enough, However, the more potent compounds kept
the same order of toxicity because they have higher molecular weights
and the variation in the LCso’s far exceed the differences in the moiecular
weight.

Table (4): Molar 96 hr LDs's of Different Insecticides On The
Marine Clam Venurupis aurea.

Tested 96 hr |Relative | Mol. | Molar { Order
Insecticides 1.Cso | Order of | Weight 96 hr of
ppm | Toxicity LCsp | Toxicity |
values
Chiorpyrifos 30.0 3¢ |3506 | 00856 | 31d
Fenitrothion 160.0 9th 2712 05772 1 1t 1b
Pirimiphos methyl 500.0 12 th 3053 1.6377 13th
Profenofos 400 5th 373.6 0.1070 4 th
Permethrin 250.0 11th 3913 0.6388 12 th
Cypermethrin 6.0 1st 416.5 0.0144 1 st
Delitamethrin 60.0 6 th 5052 0.1188 51th
Fenvalerate 20.0 2nd 4199 | 00476 | 2nd
Tetramethrin 150.0 81h 3314 0.4526 91th
Aldicarb 300 3rd 190.3 0.1576 6 th
Methomyl 350 4 th 1622 0.2157 7th
Endosulfan 2200 10th 406.9 0.5406 10th
Difluobenzuron 700 7th 310.7 0.2253 8th

However, the importance and advantage of the molar LCsq,si8
well demonstrated when comparing the rank order of toxicity of aldicarb
and chlorypifos in Table (4) against Yenerupis aured. According tothe
absolute LCsp values both compounds has the same 3™ rank. Yet the
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molar LCso well differentiated between the two compounds where
chlorpyrifos the higher mol. Weight kept the semi th 1d rank while
aldicarb bechme the six th, - -

Impact of Chemical Structure On Belutive Toxicity
Comparison between the four OPs reveals that chlorpyrifos and
profenofcs were the more . toxic. Both compounds are chanacterized by
. having more than one halogen atom in their moleculsr SIUCtuTE,
particularly 3 chiorines in chiorpyrifos and cne Cl and one Br in
profenofos. The less toxic OP’s fenitrothion and pirimiphos do not have
any haiogens. This may oxplain their relative less hazardous status, By
comparing the tested five synthetic pyrethroids it can be deduced that
compounds without the cyanide moicty are less hazardous as shown in
permethrin and tetrawmethrin. On the other hand class II pyrethroids which
- contains the cvanide and halogens are expected 10 be higher in toxicity.
This was well proved for cypermethrin which was the firt toxic to
Venerupis aurea, and the second toxic 10 fapes decussata - 4 was
followed by fenvalerate which contains one Cl and then deltamethrin
which contain 2 Br. Thus combination of CN and Cl favours the higher
hazard. Role of chlorine was also demonstrated in the chiorinated
hydrocarbon endosulfan which coniain & chlorines and was the third in
toxicity to Tapes decussata; and also the antimoulting compound
diflucbenzuron which contains one chlorine and two fluorines, and was
~ thefirst in toxicity to Tapes decussata.

The proved toxiphoric and synergistic effects of the chlorinated
moieties can be attributed to the high affinity of these chlorinated sites to
block the sodium/Ca™ chioride jon channel requiring the release of
neuro-transtittters such as GABA and glutamate at the axonal synapses

leading to neurotoxic effects. Besides, the sodium/ Ca™, chloride channe!
.-Jeurons are known to regulate the cellujar energy release by the enzyme
;groups of ATPases. This ceincides with the reported inhibitory effect of
" ATPases by the synthetic pyrethroids and the chlorinated

-39,



AL A Elsabae.

hydrocarbons{Vijveberg ef al, (1982); Ghiasudin and Matsumura (1979j;
Corbett et al, (1984); and Hassel (1990)}.

Few data are available in the literature dealing with marine clams
or bivalves and the effect of their exposure to pesticides. However, their
effects on other aquatic biota are relevant in this regard . Kent and
Johnson (1979) correlated the organochlorine residues and the injury to
aquatic biota in water and sediments of American Falls Reservoir.
Jarvinen and Tyo (1978) showed the potential hazard of Endrin to Fish.
Anderson (1982) reported the effects of fenvalerate and permethrin to
non-target aquatic invertebrates.' He proved that fenvalerate exceeds
permethrin in its toxicity. A result which coincides with our present data
stressing the role of CN moiety in enhancing toxicity.

Rubin and Soderlund (1992) indicated that the acute toxicity of
the pyrethroid insecticides vary greatly across the phylogenetic lines,
with fish being markedly hypresessensitive to pyrethroid intoxication
(Bradbury, and Coats, 1989), Glickman and Co-Workers (1981), reported
that rainbow trout eliminate and metabolize certain pyrethroids at slower
rates than rats and chickens (Gaughan ef al., 1977, 1978). This metabolic
variation explains the higher toxicity of pestlcldes to aquatic biota than to
terrestrial mammals.

Coats and Jeffery (1979) studied the acute toxicity of four
synthetic pyrethroids to rainbow trout and proved that the formulated
E.C. forms are more toxic to the fish. This finding suggests that the -
formulated forms of pesticides should be used in the screening program,
beside the pure technica! samples to show the actual real hazard,

Webber er al.,(1992) concluded that field measurements on whole
ecosystems are now a requirement of the U.S.EPA for pesticide.
registeration to evaluate the potential hazard of the chemical to the
environment.
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Finally, the present investigation was targetting evaluation of the
expected direct pollution hazards or runoff and waste water dischange
poliuted with pesticides. Generally it can be concluded that any relatively
persistent or stable molecules containing halogen and/or cyanide moieties
will be highly hazardous to marine biota including the edible bivalve
clams which are recently of increasing economic importance.
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