Compositae

1 (Pyrethrin)

Chrysanthemum cinerariafolium ~ Chrysanthemum coccineum
800
.. 1851
(acute oral LD50
1500 mg/kg)
.. 1949 Schechter ( Elliott, 1989)
(allethrin)

(Musca domestica L)) mustard beetle
Bioresmethrin Biopermethrin Deltamethrin Cypermethrin -~ Fenvalerate
3

1. Cyclopentenolone esters Pyrethrinl  Bioresmethrin Allethrin
(Musca domestica L)

2. Halovinylcyclopropane pyrethroids Permethrin Cypermethrin Deltamethrin
Lepidopterous

(Diabrotica balteata)

3. Non-cyclopropane pyrethroids Fenvalerate Esfenvalerate Flucythrinate



Hill, 1989 |

Permethrin

Fenvalerate

Cypermethrin

; Flucythnnate

Deltamethrin

Fluvalinate

( Clark et al..

989 and



Cyfluthrin

Cypermethrin

Esfenvalerate

Fenvalerate

Permethrin

Pyrethrins

Resmethrin

Hflinl

(Hornshy etal,, 1996 )

Cyano(4-fluoro-3-phenoxyphenyl)methyl 3-(2,2-
dichloroethenyl)-2,2-
dimethylcyclopropanecarboxylate

Cyano(3-phenoxyphenyl)methyl 3-(2,2-
dichloroethenyl)-2,2-
dimethylcyclopropanecarboxylate

)-cyano-(3-phenoxyphenyl)methyl-(S)-4-chloro-

(
a-(L-methylethyl)-benzeneacetate

Cyano(3-phenoxyphenyl)methyl 4-chloro-a-(1 -
methyllethy)benzeneacetate

3-(phenoxyphenyl)methyl(1RS)-cis,trans-3-(2,2-
dichloroethenyl)-2,2-dimethyl cyclopropane
carboxylate

5-benzyl-3-furymethyl (LRS,3RS;1RS,3SR)-2,2-
dimethyl-3-(2,methylprop-1-enyl)
cyclopropanecarboxylate

Laser,

Baythroid

Ammo,
Cymbush,

Demon

Asana

Pydine

Ambush,

Pounce

Pyrethrum

Benzyfluroline

Chryson

ChHlci?no3

CWHIx NO,

¢ (H?CINO{

CAH2CINO3

C2H2ACID 3

C21H28°3

C2ZHX0 3



328-434 '
2
al., 1996 )
(mg/L) (days)
Cyfluthrin 0.002 NE
Cypermethrin 0.004 NE
Esfenvalerate 0.002 35
Fenvalerate 0.002 35
Permethrin 0.006 0E
Pyrethrins 0.001 12
Resmethrin 0.01 0E

Use 30 E hecause of wide range.
100,000 E based on solubility

)
100,000 E
100,000 E

5,300

5,300
100,000 E
100,000 E
100,000 E

(mmHg )

1.6x108
1.4x10'
1.1x108
1.1x108
1.3x10'8
1x108

8
>

( Hornshy et

434.3
4163
419.9
419.9
3913 .
3284
338.4



( Cypermethrin )

Chemical name (RS)-alpha-cyano-3-phenoxybenzyl(1RS)-cis-, trans-3-(2,2-
dichlorovinyl)-2,2-dimethylcyclopropane carboxylate
Registry number 52315-07-8

Ammo, Avicade, Barricade, CCN 52, Cymbush, Polythrin,

Ripcord, Kafi
3
3 ' *

Physical state Yellow liquid at ambient temperature
Molecular weight 416.3
Melting point >80°C
Boiling point 220°C
Density (22°C) 1.12 g/ml
Solubility in water (20°C) 0.009 mg/litre
Solubility in organic solvent

Hexane 103 gllitre

Xylene >450 gllitre
Vapour pressure (20°C) 1.9X10 Pa (1.4X10° Hg)
n-octanol/water partition coefficient 2X106(log P .6.3)

From: FAO/WHO (1989)



770,000 L4 - 2541)

(Mode of action of Pyrethroid)

(Central nervous system)
peripheral nerves  motor axons, Sensory axons

(Adenosine triphosphatase 1ATPase) GABA binding site
(Miller and Salgado., 1985) 5
L (Actions on sensory neurons)

companiform  sensillae

crural nerve
“knockdown” (Gammon 1

1978)
2. (Actions on motor neurons)

(spontaneous)  (Clements and May,
1977 Gammon ., 1978)
3. Neuroendocrine

hypertrehalosemic hormone
trehalose (Normann 11980 1Orchard 1

1980, Orchard and Oshorne, 1979)



4" (Actions on the central nervous system)
2
ventral nerve cord giant axons
giant axons (Gammon et
al, 1978)
b. (Actions on ionic mechanisms)
(neurosecretory cells) potential depolarization

(Adams and Miller, 1980, Clement and May, 1977, Orchard 11980)

I} (Chemical factors)
11 octanol/water partition coefficients
(Zitko et al., 1973)
1.2 alpha cyano group
(Mcleese et al., 1980)

1.3 cis isomer trans isomer (Zitko et al,, 1979)
2. (Biological factors)
21 (biotransformation)
(Edwards and Milloum, 1985)

2.2 salmonids

channel catfish bluegill (Mauck et al.,

1976)

2.3 (Kumaragura et

al., 1981)
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3. (Environmental factors)
31 (Kumaragura et
al., 1981)
3.2

(Hill et al., 1985)
3.3 emulsifiable concentration (EC)

technical-grade forms (Coats and O Donnell-Jefferyl, 1979)

(Carter, 1989)

L

2.

2.1 (Domestic aerosols/sprays)

2.2 (Mosquito coils/mats)

2.3 (Large-scale space sparys)

2.4 (Surface treatments)

2.5

3. permethrin, deltamethrin, cypermethrin ~ fenvalerate

cyfluthrin -~ cypermethrin






(Environmental fate and Metabolism of Pyrethriods)

isomerisation, hydrolysis  oxidation

e [somerisation ....".
* Hydrolysis - — ) -
 Oxidation ==
2
Isomerisation
cyclopropane ring hydrolysis
2 acid moieties alcohol moieties

oxidation 3



(Photodegradation)
4 (3
a) Isomerisation of the substituents on the cyclopropane ring.
) Oxidation of sensitive groups on acid and alcohol moieties.
¢) Reduction dehologenation of dihalovinyl derivative.
d) Decarboxylation, particularly with alpha-cyano compounds.

v i /CO.—CC1IN—Ar
BI' CO.—’(\;H—Ar
IN
0
lir - ZI' AN «CM—Ar
[ £
3 Photodegradation

(Demcute, 1989)
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2. (Biodegradation)
2. ( 4) (Metabolism
vertebrate)

oxidation

(Demoute 11989)

. Conjugates
0il
Conjugales
CO,H - COH
X-Y X-
X ISCN
CO,-HAr /
CN.
Ar-j-OH. e
OH en = NH
| COLy-Ar \ HO<Y H
n CN
1 X ;( ArCHO
A co ) ) )
X - f | Conjugates «- ArCOjH ArCHjOH
™~ Conjugates
Further hydroxylation
and conjugation
Ilydroxylalion
a¥iV N
X - H or Cl

(Demoute, 1989)



2.2 ( Metabolism  plants )
hydroxylation
3. ( 5) (Degradation in soil)
oxidation
|
X = Br or Cl
5 (Demoute 11989)
| "\ ,

15

C02
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(Toxicity to mammals)

(Acute toxicity)
Barthel.
(1973) | CT)
5
(Subacute toxicity)
Bond and DeFeo (1969) Barthel (1973)
380 mglkg/day 90 !
(slight  kidney
involvement)
(Toxicity to Humans)
(Acute toxicity)
, (He et al,
1989)
(Subacute toxicity)

He et al., 1989 Wiesseler et al., 1998
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5 Median Lethal Concentration ( LCY) ( Barthel, 1973 )
Compounds Exposure LCT References
route

24% Pyrethrin and 14% Oral >1500  Shimkin and Anderson, (1936)
Pyrethrum oleoresin
Pyrethrum oleoresin Oral 820  Carpenteret al., (1950)
20% Pyrethrin Oral 1870  Carpenter et al., (1950)
86.2% Purified pyrethrin Oral >2600  Ambrose and Robbins,(1951)
86.2% Purified pyrethrin -~ Subcutaneous ~ >1600  Ambrose and Robbins, (1951)
Pyrethrin Oral 200 Lehman, (1954)
Pyrethrin Dermal 200-400  Lehman, (1954)
20% Pyrethrin Oral 100-300  Hayes, (1965)
Partially dewaxed Oral 794 Malone and Brown, (1968)
pyrethrum oleoresin
Pale extract Oral 584 Malone and Brown, (1968)
Pyrethrum oleoresin Oral 634 Malone and Brown, (1968)
77.8% Purified pyrethrin Oral 715-900  Malone and Brown, (1968)
Commercial Oral 480  Beck, (1969)
concentrate
20% Pyrethrin Oral 1440 Bond and DeFeo, (1969)
Pyrethrin Oral 260-420 Casida etal,, (1971)
Pyrethrin Oral >600  Casida etal., (1971)
74% Purified pyrethrin Oral 470 T.B. Gaines and R.D.

Kimbrough, personal
communication., (1972)
74% Purified pyrethrin Oral >1400  Verschoyle and Barnes, (1972)

mglkg bodyweight
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(Effects of Pyrethroid Insecticides on Beneficial Organisms)

.. 1800

(sail microflora)
(soil arthropod)

L Soil organisms 2
11

(Hill and Wright., 1978, Somerville and Greaves., 1987)

Tu  (1980) cypermethrin, permethrin, fenvalerate
deltamethrin nitrification, non-symbiotic nitrogen fixation,
dehydrogenase activity urease activity

4
Megharaj (1986) cypermethrin fenvalerate
2
1.2
Collembola
Hill (1985) cypermethrin permethrin
/



2. (Bees)

' 1 Inglesfield, (1989)

(extremely toxic) LC50 <0.1/
(highly toxic)  LC50 <0.1-1.0 pg /
(moderately toxic) LC50 < 1-10 fig/
(slightly toxic)  LC50 < 10-100 pg /

6 Median lethal concentration (LCH)
Apis mellifera (Inglesfield, 1989)

Compounds Quality of test 24 h LCHvalues References
material (] 9ai. beel)
Oral Topical
Alpha-cypermethrin Technical* 0.06 0.03  Murray, (1985)
EC* 0.13 011
Bifenthrin Technical* 01 001 FMC Corporation
Cypermethrin Technical* 0.03 0.02  Shell Research Ltd.
EC* 0.03
Deltamethrin Technical* - 005  Smartetal, (1982)
Fenvalerate Technical* 0.29 0.08  Shell Research Ltd.
EC* 0.06
Esfenvalerate Technical* - 0.06  Debray etal., (1987)
Flucythrinate Technical* - 027  Smartetal, (1982)
Lambda-cyhalothrin Technical* 0.9/ 005  Gough et al, (1984)
Permethrin Technical* 0.03 0.10  Shell Research Ltd.

* Technical = Technical grade forms
* EC = Emulsifiable concentration



(Effects of Pyrethroids on aquatic organisms)

(Miller et al., 1985) !

(Smith and Stratton, 1986)

(Acute Toxicity of Pyrethroid on Aquatic Organisms)

(Miller and Salgado ., 1985)
Hill, (1989)

20



7 Median lethal concentration (LC50)

Organism Sizelstage

Fungi ‘various

Alga Selenastrum
‘greens/blue-greens

Mollusca  Gastropoda Adult
Bivalvia Larvae

Crustacea Cladocera'l First-instar
Copepoda
Amphipoda juv/adult
Isopoda bmm
Decapoda various
Paracarida0 I

SIF

Test methoda

96

48
24/48
48
96
96
1
96
96

EC
NOEC
EC
LCso

ec/icH
EC

IcH)
IcH)
EC

Icf
Icf

Permethrin

30000

2000
>10000
>5000

0.6
0.2

0.1
0.1-2
0.02

Cypermethrin

>2000

>2000

0.1
0.01
0.01-0.2
0.005

21

(Hill, 1989)

ECULCEINOEC ( (4g ltre't)

Fenvalerate Deltamethrin Lambda- Flucythrinate
cyhalothrin
>1000
>1000 >1000
0.1-0.4
0.4
0.03 0.7
0.04-0.08 <0.6-2 0.2
0.008 0.004 0.008
()

urtuou

uuinnutnauj*



() Median lethal concentration (LCH)

Organism

Insecta  Ephemeroptera
Plecoptera
Hemiptera
Coleoptera
Trichoptera
Diptera

Arachnida  Hydracarina

Amphibia-Anuia

Fish ‘cold freshwater'

Warm freshwater'
'marine freshwater'

3 =static test; R = replacement; F =flow through

Daphnia magna
: Mysidopsis bahia

Sizelstage

Various

adult
adult

larvae

Adult
Tadpoles
Juvenile
Juvenile
Juvenile

SIF
F

i B o B o |

Test methioda

24-%
[
24
24
%
24
%
%
%
%
%

EC/LCY

EC
EC
EC
EC
IcD

Ic@)
IcH
IcH

IcD

Permethrin Cypermethrin

003-0.1 0.006-0.6
0.2

0.7
0.07
04
0.5-6 0.03->5
0.04
3000
04-7 04-2
0.9-16 2
2-8

(Hil, 1989)

ECHILCEINOEC (pyg litre 1)

Fenvalerate Deltamethrin lambda- Flucythrmate
cyhalothrin
0.9
01
0.3:5 0.02-0.6
0.204
0.2-0.3 01
0.3-5 08 1

ECH = Effective concentration
LCH = Median lethal concentration
NOEC = No Observed Effect Concentration



Clark

(1989)

( 8)

8 Median lethal concentration (LCH)
(Clark et al., 1989)

Pyrethroid

Cypermethrin

Acute toxicity to invertebrates
Mysidopsis bahia
Mysidopsis bahia
Palaemonetes pugio
Penaeus duorarum
Homarus americanus
Crangon septemspinosa
Uca pugilator
Crassostrea virginica
Crassostrea gigas

Acute toxicity to fish
Cyprinodon variegatus
Salmo salar

Flucythrinate

Acute toxicity to invertebrates
Mysidopsis bahia
Penagus duorarum

Acute toxicity to fish
Cyprinodon variegatus

Chronic toxicity ( 28-d ELS NOEC* )
Cyprinodon variegatus

23

96-h LCT) (pigll)

0.005
0.056
0.016
0.036
0.04
0.01
0.2
370
>2300

10
20

0.008
0.22

11

0.032



8( )

Pyrethroid 96-h LCD (Fig/L)
Fenvalerate
Acute toxicity to invertebrates
Palaemonetes pugio <0.003
Mysidopsis bahia 0.008
Crangon septemspinosa 0.04
Homarus americanus 0.14
Nitocra spinipes 0.38
Penaeus duorarum 0.84
Crassosistrea virginica >1000
Branchiostoma caribaeum 1600
Acute toxicity to fish
Menidia menidia 03
Leuresthes tenuis 03
Alburnus alburnus 03
Mugit cephalus 06
Menidia peninsulae 11
Menidia beryllina 1
Salmo salar 19
Opsanus beta 24
Opsanus heta 54
Cyprinodon variggatus 5:0
Chronic toxicity ( 28-d ELS NOEC* )
Leuresthes tenuis
Menidia menidia 1080
Menidia peninsulag H067
Cyprinodon variegatus 083
Opsanus beta o8
Bioconcentration ( BCF** ) 12
Cyprinodon variegatus 10
4700

Crassostrea virginica



pyrethr'Cd 96-h LCH(-ig/L)

Permethrin

Acute toxicity to invertebrates 0.02
Menippe ercenaria 0.0
Mysidopsis bahia 013
Crangon septemspinosa 015
Nitocra spinipes 022
Penaeus duorarum 034
Penaeus aztecgs 073
Homarus americanus 29
Uca pugillator

: - >1000

Crassosistrea virglnica

Acute toxicity to fish 29
Menidia menldia |
Mugil cephalus >
Alburnus albumus 48
Cyprinodon variegatus 8
Salmo salar 120

Chronic toxicity ( 28-d ELS NOEC* )
Cyprinodon variegatus 0

Bioconcentration ( BCF* )
Cyprinodon variegatus 480
Crassostrea virginica

* ELS NOEC = Early Life stage No Observed Effect Concentration
* BCF = Bioconcentration Factor

Clark (1989) Cypermethrin
Fenvalerate  mysids, grass shrimp ~ pink shrimp 2

3 LCD 0.005, 0.016,  0.036
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0.02 1 0.005

Teitze (1995) Synergized permethrin
Grass shrimp (Palaemoneta pugio)1Southen silverside (Menidia beryllina), Sheepshead
minnows (Cyprinodon variegatus)  Mosquitoefish (Gambusia holbrooki)

Synergized permethrin | CD 24 0843, 407,546  6.04
LCY 48 0.049, 2.86,3.02  4.29
Tang and Siegfried (1996) Organophosphate
Chlorpyrifos Permethrin
LCD 9
9 Median lethal concentration (LCH)
(Tang and Siegfried, 1996) 24
Insect Size/Stage 24-h LCI( pglL )
Chlorpyrifos Permethrin
Blackfly Larva 21.0 45
( Simulium vitattum ) (57 mm)
Caddisfly Larva 30.6 59
(Hydropsyche & (7-10 mm)
Chematopshyche spp. )
Mayfly Nymph 29.0 44
( Stenacron spp. ) (8-12 mm)
Damefly Nymph 114 2.9
(Ishnura &Enallagma spp. ) (10-15 mm )
Water scavenger Beetle Adult 100 45.2

( Hydrophilus spp. )



21

Rebach (1999) Permethrin, emulsified in piperonyl
butoxide Hybrid Striped Bass | CD 9% 26.7
LCO 96 45.2

Stay and Jarvinen (1995)

Mixed flask culture (MFC) Microcosm Esfenvalerate :
NOEC (no observed effect concentration)  LOEC (lowest
observed effect concentration) Fathead minnow
Bluegills 2 NOEC 0.01
LOEC 0.05 LC50 Fathead minnow
Bluegills 024 044 MFC
0.05-0.1
0.5-1.0
MFC
Paul and Simonia (1995) 2
synergized resmethrin -~ non-synergized resmethrin Brook
trout (Salvelimus fontinalis) ~ Brown trout (Salmo trutta ) 2
2 Brook trout
LC50 synergized resmethrin Brown
trout 1.35 Brook trout 1.92
24 LC50 non-synergized resmethrin Brook trout
3.26 Brown trout 118
Brook trout
synergized resmethrin non-synergized resmethrin

24
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(Subacute Toxicity of Pyrethroid on Aquatic Organisms)

Hansen (1983) AC 222,705, Fenvalerate
Permethrin Sheepshead minnows Fathead minnows
1.2, 10
56 30
Kamaragura and Beamish (1983) Permethrin Rainbow
trout Permethrin
17 3.2 6

(Total oxygen consumption)

Balint (1995)
Methidathion (MD) Deltamethrin (DM)
Cyprinus carpio L
(AChE) Glutamic oxaloacetic transaminase (GOT)
Lactate dehydrogenase (LDH) Blood glucose
Deltamethrin MD 2 5
AChE 70-90% DM 2 3
AChE 20% DM GOT  LDH
2.5 15 glucose 30%
MD
DM
Barry (1995) Esfenvalerate
1 Australian ~ Crimson-Spotted ~ Rainbow  fish

(Melanotaenia fluviatilis) Austrahan
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Crimson-Spotted Rainbow fish 2

(p<0.01) 32
(p <0.05) 3.2
2
(p< 0.01)
Weber (1996) Fenvalerate Grass shrimp
(Palaemonetes pugio) Fenvarelate 110 100
1
metamorphosis pelagic individual benthic organism
10
100 1
Dhawan and Kaur (1996) 3 Cypermethrin,
Deltamethrin ~ Fenvalerate Cyprinus carpio Linn.
3 0.00001-40
3 blastopore
vertebral - column flexure
pericardial sacs Fenvalerate
Deltamethrin Cypermethrin
Paul and Simonis (1996) Naled, Synergized resmethrin
Non-synergized resmethrin trout
3 6 Synergized resmethrin
(p < 0.01)
lorahim (1998) 4

pirimiphos, carbofuran, permethrin,
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Lindane zinc chloride
AChE  Chironomus riparius in Vivo Vitro
LC50 24 carbofuran, pirimiphos, permethrin, Lindane
zinc chloride 21.2, 63.8, 16.6, 45.3, 94.3
in vivo Chironomids
Ellman et al.,, (1961) permethrin 32
12.2% in vitro 20%
Kumar (1999) Deltamethrin
Cat fish (Heteropneustes
fossilis) 2 LC50
96 0.17
Deltamethrin Haemoglobin (Hb), Mean cell volume

(MCV), Mean cell haemoglobin (MCH)

(renal tubule)

Haematocrit (PCV)



A

(Cholinesterase enzyme)

(Acetylcholine) (Acetyl-P methylcholine)
(Benzoylcholine) (Succinylcholine) | 1 '
(Van degraaff, et al.,1999, Gilman, et al., 1985)
L (Acetylcholinesterase, AChE) true specific
cholinesterase red cell cholinesterase
postjunctional membrane  motor end plate, neuro effector junction
(parasympathetic) (red cell erythrocytes)
(thrombocytes) axons, dendrite, perikarya
somatic nerve fibers, preganglionic autonomic nerve fibers, postganglionic
parasympathetic nerve fibers primary afferent (sensory) fibers
adrenergic fibers cholinergic fibers
2. (plasma cholinesterase)
(pseudocholinesterase),  nonspecific  cholinesterase,  butyrylcholinesterase
cholinesterase (intestinal mucosa), glial cells
satellite cells
(butyrylcholine) (acetylcholine)
(benzoylcholine) (succinylcholine)



Szaho (1992)
L)
Methidathion 2
80%
2
2
Esca and Porte (1996)
elakii)
Fenitrothion
48
Huang (1997)

32

(Cypnnus carpio

2
CuS045 Paraquat 5
50% CuS04
Paraquat
Fenitrothion ~ Crayfish (Procambarus
4 20 100

34%, 39% 42%

Spotted Garfish (Lepisosteus oculatus)

Spotted Gar fish

Acetylcholinesterase (AChE), Butyryl cholinesterase (BUChE)
46-52%

(CaE)  30-49%, 31-52%

In vivo

In vitro In vivo

Carboxylesterase
in vitro

Hexachlorobutadiene (HCBD), Cd, Hg, Pb

Cd Ph



Lundebye
Dimethoate

(1997)
(Carcinus  ae

(P< 0.05)

)

2.0

(=055, P<0.00)

3

2.0
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1
(biomarker)
pH Dissolved oxygen (DO) (Hardness)
2. 24-50 30X60X30
1
3 ' ' 3
L
2.
3,
(Bioindicator)

4,
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