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ABSTRACT

We investigated the effects of formulated pesticides on non target organisms in order to evaluate the role played by
inert ingredients in the toxicity of agrochemicals. The effects of both technical grade and formulated pesticides on
esterase activity of two freshwater snail species Helisoma duryi and Lymnaea natalensis was investigated. Shails
from both snail species were exposed to chlorpyrifos, dimethoate, carbaryl, lambda cyhalothrin, deltamethrin or
mancozeb for 72 hours. Some of the snails were exposed to technical pesticides while others were exposed to the
commercial forms of the pesticides. After the exposure duration post-mitochondrial supernatants of whole snail
homogenates were prepared and used to measure choline and non-cholinesterase activity using substrates,
acetylthiocholine iodide or a-naphthyl acetate respectively. The results showed that both formulated and technical
grade pesticides significantly inhibited esterase activity. The inhibition observed in snails exposed to formulated
commercial pesticides was twofold or more when compared to inhibition observed in snails exposed to technical
grade pesticides and this was attributed to presence of inert ingredients in formulated pesticides. The enhanced
inhibition of esterase activity observed in snails exposed to formulated pesticides indicates that aquatic organisms
are potentially at risk to the toxic effects of the unspecified ingredients which are part of formulated pesticides.
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INTRODUCTION

Technical pesticides also referred as pesticidedstals are made up of only the active pesticidangbal
compounds. Formulated pesticides on the other fmadcomposed of two parts, namely; the active awedt i
ingredients. Active ingredients are chemicals whackually control and/or kill the pests. On theesthand inert
ingredients are the carrier or sticking agent ia #ffective pesticide product. They may be solvestabilizers,
preservatives, surfactants, sticking or spreadgents, or defoamers [1]. Most synthetic pesticide& persistent
residual action and are thus associated with frelqapplications for effective results; this extemsiuse of
formulated agrochemicals may present risks to ahiquatic ecosystems which eventually receiveeticbgmicals.

Normally knowledge on the toxicity of most crop fction chemicals is obtained from exposure studdese using
the active ingredients/standards of these agrodaei2; 3]. However, the few studies availablelitarature
indicate that the bulk of pesticide formulations actually the inert ingredients [4]. Some of tireft” ingredients
have been shown to be equally or more toxic tharatttive ingredient and/or may be an active ingnetdin other
pesticide products [4].
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Most of laboratory-based studies on the toxicitggfochemicals to living organisms are done uséehrical grade
pesticides and very little information is avaikbbn the toxicity of the inert ingredients that malkp the
commercial formulated pesticides used by farmeid ianindustry. This observation is collaborated [6y who
stated that information on the toxicity of pestasdis normally provided for active ingredients eatlthan the
formulated product. The two authors also alludeth&limited data regarding the toxicological impatpesticides
under natural or field conditions. In light of tfeet that farmers and /or industry use formulatestigidal products,
there is need to assess and evaluate the toxioityromercial pesticides in order to fully appreeittie toxic effects
of pesticides. The objective of this study wasreestigatein-vivo effects of several popularly used pesticides in
Zimbabwe as technical grade (standard) chemicalsratheir commercial formulated forms on esterastivity of
two aquatic snail specigdelisoma duryi and Lymnaea natalensis with the purpose of assessing the potential
toxicological effects of inert components of formtdd pesticides on aquatic life. Activities of eases were
measured as endpoint parameters because alteoéidechnd non-cholinesterase activities of différaguatic
organisms have been shown to be reliable biomadéezgposure to agrochemicals [6; 7; 8].

MATERIALS AND METHODS

Chemicals
All the pesticides, substrates and standards wermgti from Sigma Chemical Company, Germany. Alleoth
laboratory reagents were of analytical grade.

Snail breeding and exposure

Two species of snail$jelisoma duryi andLymnaea natalensis were bred in cement tanks containing tap water and
were fed on fresh garden lettuce according the ooktifi [9]. Groups of adult snails (20) were exmbse25 ppb of
carbaryl, mancozeb, chlorpyrifos, dimethoate, lamlogthalothrin and deltamethrin as formulated arahrial
grade pesticides for 3 days. The concentratiorth@fpesticides used in the present study were addpptm the
literature and they have environmental significaasehey have reported in the field [10; 11]. Thposures were
performed in quadruplicate bowls with food, wated @esticide refreshed every 24 hours. After tiposyre period
post-mitochondrial fractions were prepared.

Post mitochondrial fraction preparation.

Snails from each group were washed once with tajgmta remove leaf particles and other dirt. Thailsnwere
deshelled, pooled and homogenized, with ice-colddgenization buffer, 0.1 M potassium phosphate pHuging

a glass teflon homogenizer. The volume of the buffeed was equivalent to 3 times the weight of ssfue of the
snails. The whole organism homogenates were cegéif at 10 009 for 10 minutes using a Juan refrigerated high-
speed centrifuge and the resultant supernataridraeferred to as the post mitochondrial fracfBiMF), stored at
-80° C until required for the enzymatic assays.

Protein determination
Protein concentration was measured following metfdd2] and bovine serum albumin was used as tiredsird.

Assessment of esterase activity
The PMFs were used as the enzyme source in therde&tion of esterase activity.

Non-cholinesterase activity

Non-cholinesterase activity was measured usingtitistratex-naphthyl acetate following the method of [13]. The
reaction mixture contained 4 mL of reagent A (redgk contained a mixture of 1 mL of 25 mg/minaphthyl
acetate plus 100 mL of 50 mg Fast Blue RR saltotlissl in 0.1 M Tris/HCI buffer pH 7.4) and 2@ of 0.1
mg/mL PMF. The mixture was incubated for 10 minutethe dark. The reaction was stopped by addibioh mL

of 20% (v/v) acetic acid and absorbance was medsuré05 nm against an appropriate blank.

Cholinesterase activity

Cholinesterase activity was measured using themibscetylthiocholine iodide according to the moet described
by [14]. The reaction mixture contained |0 of 0.1 mg/mL PMF, 11QL of 0.01 M Tris/HCI buffer pH 8.0 and 50
pl of 0.4 mM 5,5 dithio-bis-(2 nitro benzoic acid)/DB. The mixture was incubated for 3 minutes befaiding 30
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puL of 0.5 mM acetylthiocholine iodide. The rate obgduction of a complex between thiocholine and DTWN&s
followed for 3 minutes at 412 nm using a Spectrald4@pc plate reader.

RESULTS

All pesticide standards and formulated productsifitantly decreased carboxylsterase activigy(.05,p<0.01 or
p<0.001) in whole tissues homogenates of freshwatailsH. duryi andL. natalensis. Pesticide standards caused
inhibition of carboxylesterase activity in the ran$3-36% while pesticide formulation caused inldbitin the
range 47-81% depending on the pesticide and gpediss.
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Figure 1. Effect of ¢ yl, mancozeb, chloropyribs, dimethoate, lamda cyhalothrin and deltamethriras technical standards (-
duryi —standard) L. natalensis - standard) and commercial formulations ( EE=H. duryi-formulation), (  [EEhatalensis-

formulation) on cholinesterase activity in the frebwater snailsHelisoma duryi and Lymnaea natalensis. Esterase activity was measured

using a-naphthyl acetate as the substrate. Values represe¥ activity of controls obtained from the averageof quadruplicate exposures

(each containing pooled samples of 20 snails) andeem + SD of specific activity values. Significantlgifferent from controls at (*P<0.05
**P<0.01 or ***P<0.001).

Cholinesterase activity was inhibited in the rarige38% by pesticide standards while pesticide fdatimns
caused inhibition in the range 45-94% dependingtlom pesticide and snail species. For all pesticidies
commercial pesticide formulations caused inhibitmfnesterase activity that was greater or equaldoble the
inhibition of esterase activity caused by corresipog technical pesticide standards.
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Figure 2. Effect of carbaryl, mancozeb, chloropyriés, dimethoate, lambda cyhalothrin and deltamethriras technical standards — H.
duryi —standardj L. natalensis- standard) and commercial formulations ( @ duryi-formulation), ( B stalensis-
formulation) on cholinesterase activity in the frehwater snailsHelisoma duryi and Lymnaea natalensis. Esterase activity was measured
using a-naphthyl acetate as the substrate. Values represett activity of controls obtained from the averageof quadruplicate exposures
(each containing pooled samples of 20 snails) andeen + SD of specific activity values. Significantlgifferent from controls at (*P<0.05
**P<0.01 or ***P<0.001).

DISCUSSION

All pesticides both technical and formulated praducaused significant reduction of both carboxgeste and
cholinesterase activities in the two freshwateil speecies. The inhibitory effects of formulatedgucts were up to
5 fold higher than the inhibitions caused by theniical concentrations of the same pesticides éir tiechnical

forms. Highlighting, technical grade mancozeb fatance, this fungicide exhibited low carboxylesserinhibitory
effects, however, the inhibitory effects of forntele fungicide, the form used by farmers, its infuki effects

superseded those of the technical form of the gdstiby more than fourfold in both snail speciesgher

toxicological effects of formulated pesticides whemmpared to the effects of the same concentratidnthe

technical form of the pesticide has been repomeather aquatic organisms [15; 16].[17] also regabthigher toxic
effects of formulated forms of chlorpyrifos and mareb when compared to effects of the technicah fof the

same pesticides on reproduction, growth and sunafahe tropical earthworniPerionyx excavates. Since the
difference between technical and formulated pefiis the presence of inert material in the foataa pesticides
was is absent in technical grade pesticide, anferéifice between the effects of the two forms otigdes is

attributed to presence of inert ingredients in ipakt formulations. The higher inhibitory effects all the

formulated pesticides used in the present studynvdeenpared to the effects of the technical fornthef pesticide,
is therefore, attributed to the inert constituesftshe formulated pesticides. The sharp decreasesterase activity
observed in snails exposed to pesticide formulatisna cause for concern considering that, it & pgbsticide
formulation that is used in agriculture and in paiblealth.

Literature reports indicate that only small quaeditof the applied pesticide chemical reach thgetaorganism,
sometimes as low as only 0.03% [18]. The majoripost of these chemicals end up in aquatic or dtbreestrial
ecosystems where they affect non target organiBesticide labels show that the bulk of a pestifidmulation is
the inert component and quite often constitutingnash as 95% of the commercial product [4]. Duragddust, a
popular commercial product worldwide, is used toitod aphids, in several crops including maize,ugnuts,
potatoes, wheat, sorghum and tobacco contains 8fhetlibate and 92% inert ingredients [19]. Thesetine
components are however, not specified. It has lreported in literature that despite the term “ifiethese
ingredients may not be chemically, biologicallytoxicologically inert [20] In fact, “inert” ingredints can be more
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toxic than the active ingredient and in some caseseven used as active ingredients in other pastroducts
[17]. This is confirmed by [4], who reported a sputhat revealed that from a list of 1 995 inertr@tjents
surveyed, 394 of these chemicals were listed agedicigredients in other pesticide products.

A few studies have investigated the toxicologidféats of formulated pesticide products on aquhtita [21]. [22]
showed that commercial formulations of the peséisidiiazinon, carbaryl, malathion and glyphosatkeiced larval
growth and survival in a dose response mannervedmphibian species. In another study, [23] regbothat both
muscle and eye ChE activities were greatly reducedhite shrimp [itopenaeus vannamei) exposed to Tamaron
600 a commercial grade of methamidophos. Thegidstformulations also caused several behaviotatalons,
such as uncoordinated swimming movements, hypgigctand spasms in the aquatic invertebrates

The results of the present study are in agreeméhttie few studies mentioned above that investididhe effects
of formulated pesticides on biological systemsislapparent from the present study and the studiestioned
above that the inert ingredients in formulated ipeits have potential adverse toxicological effemisnon target
aquatic organisms. They enhance the toxicologiatts of the active chemical of commercial pediés. Though
no mortalities were observed at the pesticide aanatons used, our results suggest that the vestighof the
aquatic invertebrates was greatly affected. Oftgeeacern is the fact that even though, the inegtedients make
up the bulk of a pesticide formulation, there aoelaws that bind the pesticide manufacturers teakthe identity
of inert ingredients on product labels, and liitiormation is publicly available about them. [9%@ highlighted
that manufacturers are not obliged to discloserthg ingredients in their pesticide formulatioreavthough some
of these inert ingredients could be more toxic tthenactive ingredients of the formulation. It Bspible that many
non-target aquatic organisms are similarly indiseekposed and adversely affected by these forradlpesticide
products.

CONCLUSION

Inert ingredients in commercial pesticide formwas increased inhibition of esterase activityHnduryi and L.
natalensis suggesting that some of the ingredients of comialepesticides may exert adverse effects on aquatic
non-target organisms. Toxicological evaluationspesticides should thus, include toxicological assents of
commercial pesticides both as single entities annhiixtures, to reveal the role played by inert adients in the
overall toxicity of pesticides. The significant ibliions of esterase activity in all exposed snéildicated that
alterations of esterases in the two snail spe@es h potential as a biomarkers of exposure tocagraicals.
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