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ChapterChapter 1

Generall Introduction
Currentt intensification of agriculture in Kenya and other developing
countriess demands increased pesticide use, which may lead to pesticide
contaminationn of ground and surface water. It has been estimated that less
thann 0.1% of the pesticides applied to crops reach the target pests, thus more
thann 99% of the applied pesticides have a potential to impact non-target
organismss (Albert et al 1992). In the tropics, high levels of ultra-violet
radiations,, high temperatures and high rainfall with subsequent runoffs
modifyy these risks (Bossan et al. 1995; Abdullah et al. 1997).
Pesticidess degrade in the environment into transformation products
thatt could alleviate, enhance and/or increase the diversity of their toxic
effectss (Kraak et al. 1997; Bleeker et al. 1999; Admiraal et al. 2000).
Besidess the acute toxic effects, teratogenic, genotoxic, mutagenic,
carcinogenicc and other subtle toxic effects are important probable endpoints,
whichwhich may differ between the parent compounds and their degradation
products.. However, ecotoxicological studies of pesticides in the aquatic
environmentt have hitherto underrated their degradation products. The
invariablee persistence of the degradation products underlines the need to
studyy their long-term effects in the environment. Most knowledge of
pesticidess is derived from studies in the temperate regions. The tropical
environment,, which is the focus of this thesis, has been sparsely studied, in
spitee of the disparate physical and chemical environmental conditions
prevailingg there.
Basedd on their extensive usage in Kenya to control weed in the
cereall crops and tick in the dairy industry, chloroacetanilides, formamidines
andd their resulting environmentally stable anilines degradation products are
studiedd for their acute toxic, genotoxic, and teratogenic effects on the
ubiquitouss Chironomus riparius, Vibrio fischeri and the locally abundant
XenopusXenopus laevis.
Chloroacetanilides,, formamidines and their degradation products
Thee chloroacetanilides alachlor, butachlor (synthesized from 2,6diethylaniline),, metolachlor and acetochlor (derived from 2-ethyI-6methylaniline)) are some of the most intensively used herbicides worldwide
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(Hilll et al. 1997), while the formamidine amitraz (derived from 2,4dimethylaniline)) is an important acaricide used extensively in tick endemic
areass of Australia and Southern Africa including Kenya (Partow 1995;
Baxterr and Barker 1999). The use of amitraz in Kenya is currently on the
increasee to alleviate the problems of increased tick resistance to alternate
acaricides. .
Inn the environment the chloroacetanilides revert to the precursor
aniliness as the environmentally stable degradation products (Tiedje and
Hagedornn 1975; Allcock and Woods 1978; Kimmel et al. 1986; Knowles
andd Hamed 1989; Wei and Vossbrinck 1992; Hill et al. 1997; Stamper and
Tuovinenn 1998; Corta et al. 1999). Degradation of chloroacetanilides and
formamidiness requires a consortium of bacteria for completion (De
Schrijverr and De Mot 1999). This mostly occurs in aerobic conditions and is
modestt under anaerobic conditions (Konopka 1994). Metolachlor is
transformedd to a lesser extent than alachlor, while amitraz is quickly
transformedd in the environment and in living organisms to the more acutely
toxicc intermediate BTS27271 before further degradation (FAO/WHO 1985;
Knowless and Hamed 1989; Pass and Mogg 1991; Konopka 1994; Pass and
Moggg 1995; Corta et al. 1999).
Thee fate of the parent compounds and their breakdown products are
influencedd by their solubility, stability, temperature, irradiation,
biodegradability,, bioavailability, runoff, precipitation, management
practices,, wind drift, erosion and chemical sorption (Becking et al. 1992;
Allann 1994). High ambient temperatures, larger flux of the sun's irradiation
andd torrential rains are characteristics of the tropics, which may enhance the
ratee of pesticide degradation and dissipation.
Thee occurrence of degradation products of chloroacetanilides in the
tropicss is not documented, while in the temperate zone the parent
chloroacetanilidee compounds and their degradation products have been
foundd in surface water and groundwater (Galassi et al. 1996; Thurman et al.
1996;; Albanis et al. 1998; Hostetler and Thurman 2000; Scribner et al.
2000b;; Scribner et al. 2000a). Indeed, the potential risks of the pesticides in
thee environment should be a sum of the risks posed by the parent,
intermediate,, and stable degradation products. The analysis of the stable
transformationn products in water and the sediment is vital to evaluate the
non-point-sourcee contamination of water by chloroacetanilides and to
estimatee their long-term effects in the aquatic environment.
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Figg 1: Designations and partial metabolic pathways of chloroacetanilide herbicides and
formamidinee insecticides showing possible routes resulting in conversion of
pesticidess to the mutagenic and carcinogenic nitrosobenzenes. Modified from
Kimmell et al. (1986).
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Testt Organisms
Xenopuss laevis larvae
Thee clawed frog Xenopus laevis is a native species in Sub-Saharan
Africa.. It is grouped in the family Pipidae, all of whose members are
exclusivelyy aquatic and tongue-less. They are easy to breed and raise in the
laboratory.. Furthermore, they allow induction of artificial spawning at any
timee of the year with the females laying 500 - 2400 eggs at each time
(Dumpertt and Zietz 1984). Human Chorionic Gonadotropin (HCG)
hormonee is used for breeding induction by injection into the dorsal lymph
sacc (Fig 2).

Figg 2. Adult Xenopus laevis. The triangle shows the position of the dorsal lymph sac

Thee amphibian embryo remains a classical model for experimental
embryologicall studies as it is an intact developing system, which undergoes
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evolutionaryy conserved events of cleavage, gastrulation, and organogenesis,
comparablee to those of other vertebrates, including mammals (Dumont et al
1983b).. Validation studies using compounds with known mammalian and
humann developmental toxicity, or both, suggest that the predictive accuracy
off the Xenopus laevis embryo test approximates 85%, so it can be used as an
indicatorr of potential human developmental health hazard (Dumont et al.
1983a;; Courchesne and Bantle 1985; Sabourin et al. 1985; Dawson and
Bantlee 1987; Sabourin and Faulk 1987; Bantle 1995). The test with the
XenopusXenopus embryos is a standardized 96-h test using midblastula (stage 8) to
gastrulaa (stage 9) stages, thereby exposing all the sensitive stages of primary
organogenesiss (Nieuwkoop and Faber 1975; ASTM 1991; Bantle 1995). An
embryonicc teratogenic index (TI; which is expressed as 96h-LC50/96hEC50(malformation))) allows comparison of teratogenic risks of diverse
compoundss and mixtures (Dumont et al. 1983b; Bantle 1995). The
teratogenicityy of highly embryolethal compounds would obviously be less
relevantt in the environment compared to that of less lethal compounds,
whichh have a potential to cause malformation in a large number of surviving
organisms. .
Chironomuss riparius larvae
Thee dipteran family Chironomidae are sediment-inhabiting
organismss with a cosmopolitan distribution in freshwater ecosystems
(Armitagee et al. 1995). Their first instar is planktonic, while the 2nd to 4th
instarr stages inhabit the upper layer of the sediment. The sediment is a major
repositoryy for many persistent chemicals, making C. riparius larvae ideal
organismss to evaluate adverse effects of toxicants. At 20°C a complete life
cyclee of the C. riparius can be completed in three weeks, making the insect
easyy to culture in the laboratory. The 1st instar larvae have been chosen for
thee present study based on the their relatively higher sensitivity than the
laterr stages of development (Williams et al. 1986). The larvae were obtained
fromm a laboratory culture at the Department of Aquatic Ecology and
Ecotoxicology,, which has been maintained at 20°C (16:7 h light-dark
regime,, separated by 0.5 h twilight). To minimize the risk of inbreeding, egg
massesmasses were regularly exchanged with other Dutch laboratory cultures of C.
ripariusriparius and large insect populations were maintained.
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VibrioVibrio fischeri
VibrioVibrio fischeri is a motile gram-negative bioluminescent marine
bacteriumm with a rod shape. Luminescence in V. fischeri is initiated by a
cell-density-dependentt activation of the gene lux regulon- 'Quorum
Sensing'' (Dunlap and Kuo 1992). Each bacterium produces chemical
signalss called autoinducers, which upon attaining a threshold concentration
inducee the reactions leading to luminescence. A blue-green light at 480-490
nmm is produced after a luciferase-catalyzed oxidation of flavin
mononucleotidee (FMNH2) and a range of long chained (8 - 14C) fatty
aldehydess (RCHO), the luciferins (Meighen 1993). Fig 3. summarizes the
VibrioVibrio fischeri light emitting reaction.
LuxABB (Luciferase)
FMNH22 + 0 2 + R C H O

^ ^ ^ ^ ^

FMN + H 2 0 + RCOOH + hv

Figg 3. The light emitting reaction of V. fischeri

Cytotoxicc compounds or luciferase inhibitors will result in reduced
luminescence,, the endpoint in the acute toxicity test using V. fischeri
(Microtox®).. Microtox® is an inexpensive standardized short-term in vitro
bioassayy that can screen complex industrial effluents, environmental
mixturess and newly introduced compounds.
Sublethall concentrations of genotoxic compounds, restore
luminescencee in a dark mutant (Ml69) of the V. fischeri in the Mutatox®
test.. Different genotoxic agents, including base substitution, frame shift,
DNAA synthesis inhibitors, DNA damaging agents, and DNA intercalating
agents,, result in the appearance of light in the dark strain of Ml69 (Ulitzur
1982).. The multiple endpoint targets of the test system make it highly
sensitive,, hence suitable as a rapid and cheap screening assay for suspect
genotoxicants. .
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Outline e
Thee fate of massively applied chloroacetanilides, formamidines and
theirr degradation products in the tropical environment is not known and it is
suspectedd that this may be different from that in the widely studied
temperatee region. Therefore, river water and sediment samples from River
Nzoia,, Kenya, were analyzed for alachlor, metolachlor and their stable
anilinee degradation products (Chapter 2). An attempt was made to
reconstructt their fate and to elucidate their potential risks. These risks were
estimatedd by deducing the pesticide balance of the River Nzoia catchment.
Basedd on the evidence that the pesticide degradation products are potentially
moree mutagenic than the parent compounds, our first set of laboratory
experimentss aimed to discriminate baseline toxicity from effects on specific
biologicall endpoints. Toxicity of the pesticides, their degradation products
andd chemically related compounds were investigated using Chironomus
ripariusriparius and Vibrio fischeri (Chapter 3). Genotoxicity of the compounds
wass explored using the MUTATOX® test. Potentially genotoxic compounds
mayy affect especially developing embryos, given the inherent challenges of
celll division, differentiation and rapid growth during this period. Therefore
inn Chapter 4 and 5 we examined the developmental and teratogenic effects
off the commonly used chloroacetanilides (alachlor and metolachlor),
formamidinee (amitraz), their stable aniline degradation products and,
additionally,, the herbicide paraquat on early embryos of a native frog
species,, Xenopus laevis. The concluding remarks (Chapter 6) discuss the
mainn findings of this thesis as well as the implication for risk assessment of
pesticidess in the tropics.

15 5

GeneralGeneral Introduction

References s
Abdullahh AR, Bajet CM, Matin MA, Nhan DD, Sulaiman AH (1997).
Ecotoxicologyy of pesticides in the tropical paddy field ecosystem.
EnvironEnviron Toxicol Chem 16: 59-70.
Abo-Khatwaa N, Hollingworth RM (1973). Chlordimeform: uncoupling
activityy against rat liver mitochondria. Pest Biochem Physiol 3: 358369. .
Admiraall W, Barranguet C, Van Beusekom SAM, Bleeker EAJ, Van den
Endee FP, Van der Geest HG, Groenendijk D, Ivorra N, Kraak MHS,
Stuijfzandd SC (2000). Linking ecological and ecotoxicological
techniquess to support river rehabilitation. Chemosphere 41: 289295. .
Albaniss TA, Hela DG, Sakellarides TM, Konstantinou IK (1998).
Monitoringg of pesticide residues and their metabolites in surface
andd underground waters of Imathia (N. Greece) by means of solidphasee extraction disks and gas chromatography. J Chromatogr A
823:59-71. .
Albertt R, Baker S, Doull J, Butler G, Nelson N, Peakal D, Pimentel D,
Tardifff RG (1992). Methods to assess adverse effects of pesticides
onn non-target organisms SCOPE 49 IPCS Joint Symposia 16
SGOMSECC 7, UK.
Allann RJ (1992). Organic pesticides in aquatic environments with emphasis
onn sources and fate in the Great lakes, pp 87-111, In: Matsui, S
[ed.],, Guidlelines of Lake management. ILECF, Japan.
Allcockk ER, Woods DR (1978). Bacterial degradation products of the
ixodicidee amitraz. JAppl Bacteriol 44: 383-386.
Armitagee PD, Cranston PS, Pinder LCV (1995). The Chironomidae, the
biologyy and ecology on non-biting midges. In: Hall, CA [ed.], The
Chironomidae,Chironomidae, the biology and ecology of non-biting midges.
Chapmann and Hall, London.
ASTMM (1991). Standard guide for conducting the frog embryo teratogenesis
asszy-Xenopusasszy-Xenopus (FETAX) E 1439-91, pp. 826-836, Annual Book of
ASTMASTM Standards, Philadelphia, PA, USA.

16 6

ChapterChapter 1

Azizz SA, Knowles CO (1973). Inhibition of monoamine oxidase by the
pesticidee chlordimeform and related compounds. Nature 242: 417418. .
Bantlee JA (1995). FETAX- A developmental toxicity assay using frog
embryos,, pp. 207-230. In: Rand, GM [ed.], Fundamentals of
AquaticAquatic Toxicology. Taylor and Francis, North Palm Beach, Florida
USA. .
Baxterr GD, Barker SC (1999). Isolation of a cDNA for an octopamine-like,
G-proteinn coupled receptor from the cattle tick, Boophilus
microplus.microplus. Insect Biochem Mol Biol 29: 461-467.
Beckingg G, Bourdeau P, Butler G, Calamari D, Morley V, Roberts R [eds.]
(1992).. In: Tardiff RG [ed] Methods to assess adverse effects of
pesticidespesticides on non-target organisms. Data acquisition and
monitoringmonitoring techniques. SGOMSEC 7-IPCS 16), John Wiley &
Sons,, UK.
Bleekerr EAJ, Leslie HA, Groenendijk D, Plans M, Admiraal W (1999).
Effectss of exposure to azaarenes on emergence and mouthpart
developmentt in the midge Chironomus riparius (Diptera:
Chironomidae).. Environ Toxicol Chem 18: 1829-1834.
Bossann D, Wortham H, Masclet P (1995). Atmospheric transport of
pesticidess adsorbed on aerosols; I. Photodegradation in simulated
atmosphere.. Chemosphere 30: 21-29.
Cortaa E, Bakkali A, Berrueta LA, Gallo B, Vicente F (1999). Kinetics and
mechanismmechanism of amitraz hydrolysis in aqueous media by HPLC and
GC-MS.. TalantaW: 189-199.
Courchesnee CL, Bantle JA (1985). Analysis of the activity of DNA, RNA,
andd protein synthesis inhibitors on Xenopus embryo development.
TeratogenTeratogen Carcinogen Mutagen 5: 177-193.
Dawsonn DA, Bantle JA (1987). Development of a reconstituted water
mediumm and preliminary validation of the Frog Embryo
Teratogenesiss Assay-Xenopus (FETAX). JAppl Toxicol 7: 237-244.
Dee Schrijver A, De Mot R (1999). Degradation of pesticides by
actinomycetes.. Crit Rev Microbiol 25: 85-119.

17 7

GeneralGeneral Introduction
Dumontt JN, Schultz TW, Epler RG (1983a). The response of the FETAX
modell to mammalian teratogens. Teratology 27: 39a.
Dumontt JN, Schultz TW, Buchanan MV, Kao GL (1983b). Frog embryo
teratogenesiss assay: {Xenopus). A short-term assay applicable to
complexx environmental mixtures, pp. 393-405. In: Waters, Sandhu,
Lewtas,, Claxton, Cheraoff, Nesnow [eds.]. Short-term Bioassays in
thethe Analysis of Environmental Mixtures HI. Plenum, NY, USA.
Dumpertt K, Zietz E (1984). Plantana {Xenopus laevis) as a test organism for
determiningg the embryotoxic effects of environmental chemicals.
EcotoxicolEcotoxicol Environ Saf&: 55-74.
Dunlapp PV, Kuo A (1992). Cell density-dependent modulation of the Vibrio
fischerifischeri luminescence system in the absence of autoinducer and luxr
protein.. J Bacteriol 174: 2440-2448.
EPAA (1990). Drinking Water Regulations and Health Advisories. USEPA,
Chelsea,, MI, USA.
EXTOXNETT (1995). Amitraz. Oregon State University, Oregon, www.
ace.orst.edu/cgi-bin/mfs/01/pips/amitraz.htm?6#mfs s
FAO/WHOO (1985). Pesticide residues in food. 1984 evaluation. Plant
productionn and protection paper 67. FAO, Rome.
Galassii S, Provini A, Mangiapan S, Benfenati E (1996). Alachlor and its
metabolitess in surface water. Chemosphere 32: 229-237.
Hilll AB, Jefferies PR, Quistad GB, Casida JE (1997). Dialkylquinoneimine
metabolitess of chloroacetanilide herbicides induce sister chromatid
exchangess in cultured human lymphocytes. Mutat Res 395: 159171. .
Hostellerr KA, Thurman EM
herbicidee metabolites
chromatography-diodee
chromatography/masss
155. .

(2000). Determination of chloroacetanilide
in water using high-performance liquid
array detection and high-performance liquid
spectrometry. Sci Total Environ 248: 147-

Kimmell EC, Cassida JE, Ruzo LO (1986). Formamidine insecticides and
chloroacetanilidee
herbicides:
disubstituted
anilines
and
nitrosobenzeness as mammalian metabolites and bacterial mutagens.
JJ Agric Food Chem 40: 1695-1699.

18 8

ChapterChapter 1
Knowless CO, Hamed MS (1989). Comparative fate of amitraz and JV-(2,4dimethylphenyl)-A^-methylformarnidinee (BTS-27271) in bollworm
andd tobacco budworm larvae (Lepidoptera, Noctuidae). J Econ
EntomolSl:EntomolSl: 1328-1334.
Konopkaa A (1994). Anaerobic degradation of chloroacetanilide herbicides.
ApplAppl Microbiol Biotechnol 42: 440-445.
Kraakk MHS, Wijnands P, Govers HAJ, Admiraal W, DeVoogt P (1997).
Structural-basedd differences in ecotoxicity of benzoquinoline
isomerss to the zebra mussel {Dreissena polymorpha). Environ
ToxicolToxicol Chem 16: 2158-2163.
Liuu D, Maguire RJ, Pacepavicius GJ, Aoyama I, Okamura H (1995).
Microbiall transformation of metolachlor. Environ Toxicol Water
QualityQuality 10: 249-258.
Liuu SY, Lu MH, Bollag JM (1990). Transformation of metolachlor in soil
inoculatedd with a Streptomyces sp. Biodegradation 1:9-17.
Liuu SY, Freyer AJ, Bollag JM (1991). Microbial dechlorination of the
herbicidee metolachlor. JAgric Food Chem 39: 631-636.
Meighenn EA (1993). Bacterial bioluminescence: Organization, regulation,
andd application of the lux genes. FASEBJ1: 1016-1022.
Nieuwkoopp PD, Faber J (1975). Normal Tables of Xenopus laevis (Daudin).
Northh Holland, Amsterdam, The Netherlands.
Partoww H (1995). What prospects for pesticide use in Kenya? A WWF
countryy report, pp. 1-57. WWF Regional Office of East and Central
Africa,, Nairobi, Kenya.
Passs MA, Mogg TD (1991). Effect of amitraz and its metabolites on
intestinall motility. Comp Biochem Physiol C-Pharmacol Toxicol
EndocrinolEndocrinol 99: 169-172.
Passs MA, Mogg TD (1995). Pharmacokinetics and metabolism of amitraz in
poniess and sheep. J Vet Pharmacol Therapeutics 18: 210-215.
Queiroz-Netoo A, Juang SJ, Souza KR, Akamatsu A (1994). Antinociceptive
effectt of amitraz in mice and rats. Brazilian J Med Biol Res 27:
1407-1411. .

19 9

GeneralGeneral Introduction

Sabourinn TD, Faulk RT (1987). Comparative evaluation of a short-term test
forr developmental effects using frog embryos, pp. 203-223. In:
Bradburyy [ed.], Report 26: Developmental toxicology: Mechanism
andand risk. Cold Spring Harbor Laboratory, NY, USA.
Sabourinn TD, Faulk RT, Goss LB (1985). The efficacy of three nonmammaliann test systems in the identification of chemical teratogens.
JJ Appl Toxicol 5: 225-233.
Scribnerr EA, Thurman EM, Zimmerman LR (2000a). Analysis of selected
herbicidee metabolites in surface and ground water of the United
States.. Sci Total Environ 248: 157-167.
Scribnerr EA, Battaglin WA, Goolsby DA, Thurman EM (2000b). Changes
inn herbicide concentrations in Midwestern streams in relation to
changess in use, 1989-1998. Sci Total Environ 248: 255-263.
Shinn DH, Hsu WH (1994). Influence of the formamidine pesticide amitraz
andd its metabolites on porcine myometrial contractilityinvolvementt of a2-adrenoceptors and Ca2+ channels. Toxicol Appl
PharmacolPharmacol 128:45-49.
Stamperr DM, Tuovinen OH (1998). Biodegradation of the acetanilide
herbicidess alachlor, metolachlor, and propachlor. Crit Rev
MicrobiolMicrobiol 24: 1-22.
Surralless J, Xamena N, Creus A, Marcos R (1995). The suitability of the
micronucleuss assay in human lymphocytes as a new biomarker of
excisionn repair. Mutat Res 342: 43-59.
Thurmann EM, Goolsby DA, Aga DS, Pomes ML, Meyer MT (1996).
Occurrencee of alachlor and its sulfonated metabolite in rivers and
reservoirss of the Midwestern United States: The importance of
sulfonationn in the transport of chloroacetanilide herbicides. Environ
SciSci Technol 30: 569-574.
Tiedjee JM, Hagedorn ML (1975). Degradation of alachlor by a soil fungus
ChaetomiumChaetomium globosum. JAgric Food Chem 23: 77-81.
Ulitzurr S (1982). A bioluminescence test for genotoxic agents. TrAC-Trend
AnalAnal Chem 1:329-333.
Weii LY, Vossbrinck CR (1992). Degradation of alachlor in chironomid
larvaee (Diptera, Chironomidae). JAgric Food Chem 40: 1695-1699.

20 0

ChapterChapter 1

Williamss KA, Green DWJ, Pascoe D, Gower DE (1986). The acute toxicity
off cadmium to different larval stages of Chironomus riparius
(Diptera:: Chironomidae) and its ecological significance for
pollutionn regulation. Oecologia 70: 362-366.
Zimmerr D, Mazurek J, Petzold G, Bhuyan BK (1980). Bacterial
mutagenicityy and mammalian cell damage DNA damage by several
substitutedd anilines. MutatRes 11: 317-326.

21 1

