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18.1. List of Chemicals and Data Compilations (by Functional Group): 
Organophosphorus compounds: 
a) Phosphates:

Chlorfenvinphos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3758
Crotoxyphos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3767
Dichlorvos  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3811
Dicrotophos  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3816
Mevinphos  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3925
Monocrotophos  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3930
Naled  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3932

b) Phosphorothioates:
Acephate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3715
Bromophos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3734
Bromophos-ethyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3736
Chlorpyrifos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3760
Chlorpyrifos-methyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3765
Demeton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3800
Diazinon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3804
Fenitrothion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3851
Fensulfothion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3857
Fenthion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3859
Leptophos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3896
Parathion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3936
Parathion-methyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3942
Ronnel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3969
Trichlorfon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3980

c) Phosphorodithioates (Phosphorothiolothionates):
Azinphos-methyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3729
Carbophenothion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3746
Dialifor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3802
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18.1 LIST OF CHEMICALS AND DATA COMPILATIONS

18.1.1 INSECTICIDES

18.1.1.1 Acephate

Common Name: Acephate
Synonym: Chevron RE 12420, ENT 27822, Orthene, Ortho 12420, Ortran, Ortril, RE 12420, 75 SP, Tornado
Chemical Name: acetylphosphoramidothioic acid O,S-dimethyl ester; O,S-dimethyl acetylphosphoramidothioate;

N-[methoxy(methylthio)phosphinoyl]acetamide
Uses: systemic insecticide with contact and stomach action to control a wide range of chewing and sucking insects in

fruit, cotton, hops, vines, soybeans, olives, groundnuts, beet, brassicas, celery, potatoes, rice ornamentals, forestry
and other crops; also used as cholinesterase inhibitor.

CAS Registry No: 30560-19-1
Molecular Formula: C4H10NO3PS
Molecular Weight: 183.166
Melting Point (°C): 

88 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.35 (Spencer 1982; Worthing & Hance 1991; Montgomery 1993; Tomlin 1994; Milne 1995)
Molar Volume (cm3/mol):

135.7 (calculated from density)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.241 (mp at 88°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

650000 (Spencer 1973, 1982; Martin & Worthing 1977; Worthing& Walker 1987, Worthing & Hance 1991)
> 5000 (20°C, shake flask-GC, Bowman & Sans 1983a)
790000 (20°C, Hartley & Kidd 1987)
818000 (Wauchope 1989)
818000 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
790000 (20°C, Montgomery 1993; Tomlin 1994; Milne 1995)

Vapor Pressure (Pa at 25°C or as indicated):

2.26 × 10–4 (20°C, Hartley & Kidd 1987)
2.26 × 10–4 (24°C, Worthing & Walker 1987, Worthing & Hance 1991; Tomlin 1994) 
2.27 × 10–4 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.27 × 10–4 (20°C, Montgomery 1993)
0.513; 0.759, 0.457 (gradient GC method; estimation using modified Watson method: Sugden’s parachor,

McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

5.27 × 10–8 (20–25°C, calculated-P/C, Montgomery 1993)
6.37 × 10–8 (20–25°C, calculated-P/C as per Worthing & Walker 1987, Majewski & Capel 1995)
5.06 × 10–8 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

–0.85 (shake flask, Log P Database, Hansch & Leo 1987)
–1.87 (calculated, Montgomery 1993)
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–0.85 (recommended, Sangster 1993)
–0.886 (Tomlin 1994)
1.12 (RP-HPLC-RT correlation, Finizio et al. 1997)

Bioconcentration Factor, log BCF:

–0.523 (calculated-S, Kenaga 1980)
0.053 (wet wt. basis, rainbow trout, Geen et al. 1984)

Sorption Partition Coefficient, log KOC: 

0.477 (calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
0.30 (soil, 20–25°C, selected, Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996)
0.48 (Montgomery 1993)
0.30 (estimated-chemical structure, Lohninger 1994)
3.50, 3.00 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants or Half-Lives, t½:

Volatilization:
Photolysis:
Oxidation: calculated rate constant k ~ 51 × 10–12 cm3/molecules for the vapor phase reaction with hydroxyl

radical in air (Winer & Atkinson 1990). 
Hydrolysis: persistent to hydrolysis between pH 4.0 and 6.0 under laboratory condition at 20 and 30°C regardless

of temperature while strongly affected by temperature at pH 8.2; and more persistent in pond than creek
water (Szeto et al. 1979)
t½ = 60 h at pH 9 and t½ = 710 h at pH 3 both at 40°C (Montgomery 1993).

Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water: resistant to hydrolysis in distilled, buffered water at pH 4.0 to 6.9, but not at pH 8.2; and more

persistent in pond than creek water, 45% found after 50 d when incubated at 9°C in creek water (Szeto
et al. 1979)

Ground water:
Sediment: degradation increased greatly when treated samples were incubated in the presence of sediments,

~ 20% recovered after 42 d and ~ 28% recovered after 58 d after incubating acephate-treated pond and creek
water with their respective sediments (Szeto et al. 1979)

Soil: selected field t½ = 3.0 d (Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996); 
t½ = 7–10 d in soil (Tomlin 1994).

Biota:
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18.1.1.2 Aldicarb

Common Name: Aldicarb
Synonym: Ambush, Carbanolate, ENT 27093, NCI-C08640, matadan, OMS 771, Pounce, Temik, Union Carbide 21149
Chemical Name: 2-methyl-2-(methylthio)propionaldehyde O-(methylcarbamoyl) oxime; 2-methyl-2-(methylthio)propa-

nal O-(methylamino)carbonyl) oxime
Uses: systemic insecticide, acaricide, and nematocide with contact and stomach action; also used as cholinesterase

inhibitor.
CAS Registry No: 116-06-3
Molecular Formula: C7H14N2O2S
Molecular Weight: 190.263
Melting Point (°C): 

99 (Lide 2003)
Boiling Point (°C):

100 (decomposes above this temp., Howard 1991)
Density (g/cm3 at 20°C): 

1.195 (25°C, Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994; Milne 1995)
Molar Volume (cm3/mol):

224.3 (calculated-Compiled method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

25.94 (DSC method, Plato & Glasgow 1969)
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.188 (mp at 99°C)

Water Solubility (g/m3 or mg/L at 25°C):

4000 (24°C, shake flask-GC, Felsot & Dahm 1979)
7800 (Kenaga 1980a; Kenaga & Goring 1980)
6000 (Khan 1980; Verschueren 1983)
6016, 6000 (exptl., corrected-mp, Briggs 1981)
6000 (20°C, shake flask-GC, Bowman & Sans 1983b)
6000 (Hartley & Kidd 1987; Worthing & Walker 1987, Worthing & Hance 1991; Budavari 1989;

Montgomery 1993; Milne 1995)
5730 (Seiber 1987)
6000 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
4930 (20°C at pH 7, Tomlin 1994)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations.):

6.67 (20°C, Khan 1980)
0.00707 (20°C, selected exptl. value, Kim 1985)
0.102, 0.016 (20°C, GC-RT correlation, GC-RT correlation with mp correction, Kim 1985)
0.013 (20°C, Hartley & Kidd 1987; Tomlin 1994)
0.013 (selected, Suntio et al. 1988)
0.013 (Worthing & Hance 1991)
0.004 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.0046 (Montgomery 1993)

Henry’s Law Constant (Pa·m3/mol at 25°C):

2.48 × 10–4 (Jury et al. 1987a, Jury & Ghodrati 1989)
3.20 × 10–4 (calculated-P/C, Suntio et al. 1988)
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1.47 × 10–4 (20–25°C, calculated-P/C, Montgomery 1993)
1.27 × 10–4 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

0.85 (shake flask, Felsot & Dahm 1979)
1.10 (Hansch & Leo 1979)
1.57 (shake flask-UV, Lord et al.1980)
0.70 (Rao & Davidson 1980)
1.57 (20°C, shake flask-UV, Briggs 1981)
1.13 (20°C, shake flask-GC, Bowman & Sans 1983b)
1.13 (Hansch & Leo 1985)
0.70, 1.13 (Montgomery 1993)
1.13 (recommended, Sangster 1993)
1.13 (recommended, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

1.62 (fish in static water, Metcalf & Sanborn 1975; Kenaga & Goring 1980)
0.85 (vegetation, correlated-KOW, Iwata et al. 1977; Maitlen & Powell 1982)
0.602 (calculated-S, Kenaga 1980; quoted, Howard 1991)
1.64 (earthworm, Lord et al. 1980; quoted, Connell & Markwell 1990)
1.00, 1.18 (log BCFlipid, log BCFprotein, Briggs 1981)

Sorption Partition Coefficient, log KOC: 

1.36–1.57 (Felsot & Dahm 1979)
0.91, 1.20 (Bromilow & Leistra 1980)
1.51 (calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
1.39 (reported as log KOM, Briggs 1981)
1.51 (estimated, Kenaga 1980; quoted, Howard 1991)
1.30–1.40 (Bilkert & Rao 1985; quoted, Howard 1991)
1.56 (soil, screening model calculations, Jury et al. 1987a, b; Jury & Ghodrati 1989)
1.48 (soil, 20–25°C, selected, Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996)
0.85–1.67 (Montgomery 1993)
1.48 (estimated-chemical structure, Lohninger 1994)
1.50 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
1.40, 1.97 (estimated-class-specific model, estimated-general model, Gramatica et al. 2000)
1.30 (soil: organic carbon OC ≥ 0.5%, average, Delle Site 2001)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis:
Oxidation: rate constant k, for gas-phase second order rate constants, kOH for reaction with OH radical, kNO3

with NO3 radical and kO3 with O3 or as indicated, *data at other temperatures see reference:
photooxidation t½ = 1–9.5 h, based on an estimated rate constant for vapor-phase reaction with hydroxyl

radical in air (Atkinson 1987; quoted, Howard et al. 1991)
t½ = 1.7–12 d in soil for pH 1–10 with little change in rate between pH 4.4–10 (Lemley et al. 1988; quoted,

Howard 1991)
k(aq.) = 5.9 × 109 M–1 s–1 for the reaction (Fenton with reference to acetophenone) with hydroxyl radical

in aqueous solutions at pH 3.5 and at 24 ± 1°C (Buxton et al. 1988; quoted, Faust & Hoigné 1990; Haag
& Yao 1992)

k(aq.) = (4.4 ± 0.1) × 104 M–1 s–1 for direct reaction with ozone in water at pH 2.1; k = (4.3 ± 0.2) × 105 M–1

s–1 at pH 7.0 and 24 ± 1°C, with t½ = 0.08 s at pH 7 (Yao & Haag 1991).
k(aq.) = (8.1 ± 1.1) × 109 M–1 s–1 for the reaction (Fenton with reference to acetophenone) with hydroxyl

radical in aqueous solutions at pH 3.5 and at 24 ± 1°C (Haag & Yao 1992)
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Hydrolysis: t½ = 23 d at pH 7.2 (Smelt et al. 1978; quoted, Howard 1991) 
t½ = 9.9 d at pH 6.3–7.0 at 15°C (Bromilow & Leistra 1980; quoted, Howard 1991)
t½ = 4580 d, based on a first-order k = 1.51 × 10–4 d–1 at pH 5.5 and 5°C (Hansen & Spiegel 1983; quoted,

Howard et al. 1991) 
t½ = 4.0 min at pH 12.9, t½ = = 1.3 min at pH 13.39 and 15°C (Lemley & Zhong 1983)
t½ = 0.4–3.2 d in soil at pH 4.5–4.9 and 25°C (Rao et al. 1984; quoted, Howard 1991) 
Pseudo-first order k = 5.3 × 10–3 d–1 with t½ = 131 d–1 at pH 3.95, k = 1.3 × 10–3 d–1 with t½ = 559 d at pH

6.02, k = 2.1 × 10–3 d–1 with t½ = 324 d at pH 7.96, k = 1.3 × 10–2 d–1 with t½ = 55 d at pH 8.85 in period
of 89 d; and k = 1.2 × 10–1 d–1 with t½ = 6 d at pH 9.85 for period of 15 days at 20°C in pH-buffered
distilled water (Given & Dierberg 1985; Mink et al. 1989)

For pH buffered distilled water at 20°C: t½ = 131 d at pH 3.95, t½ = 559 d at pH 6.02, t½ = 324 d at pH
7.96, t½ = 55 d at pH 8.85, and t½ = 6 d at pH 9.85 (Montgomery 1993)

t½ = 16 d in aqueous montmorillonite suspensions (10 g/L) at pH 3.7 (Wei et al. 2001).
Biodegradation:

k = 0.000222 h–1 for discharge rate of 30 cm/year and k = 0.000233 h–1 for discharge rate of 61 cm/year
with t½ = 30 d (Jones & Back 1984)

Aerobic mineralization k = (1.93–34.2) × 10–3 d–1 with t½ = 20–361 d in surface soils and
k = 2.97–5.28) × 10–3 d–1 with t½ = 131–233 d in subsurface soils; anaerobic mineralization
k = (8.09–31.1) × 10–4 d–1 with t½ = 223–1130 d in surface soils after 63 d incubation (Ou et al. 1985)

t½ = 70 d in 0–10 cm depth of soil (Jury et al. 1987a, b; Jury & Ghodrati 1989). 
t½(aq. aerobic) = 480–8664 h, based on unacclimated aerobic soil grab sample data; t½(aq anaerobic) =

1488–15240 h, based on anaerobic ground water grab sample data (Howard et al. 1991) 
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ = 1–9.5 h, based on an estimated rate constant for vapor-phase reaction with hydroxyl radicals in air
(Atkinson 1987; quoted, Howard 1991; Howard et al. 1991).

Surface water: t½ = 5 d in pond water, t½ = 6 d in lake water (Moorefield 1974; Mink et al. 1989)
Hydrolysis t½ = 6 to 131 d in pH-buffered distilled water at 20°C (Given & Dierberg 1985)
t½ = 480–8664 h, based on estimated aqueous aerobic biodegradation half-life (Howard et al. 1991);

t½ = 0.08 s for direct reaction with ozone in water at pH 7 and 24 ± 1°C (Yao & Haag 1991)
Ground water: t½ = 960–15240 h, based on estimated aqueous aerobic biodegradation half-life and water grab

sample data (Miles & Delfino 1985; quoted, Howard et al. 1991).
Sediment:
Soil: t½ = 9, 7, and 12 d in clay, silty clay loam and fine sandy loam at an application rate of 20 ppm (Coppedge

et al. 1967; quoted, Montgomery 1993); 
hydrolysis t½ = 23 d at pH 7.2 (Smelt et al. 1978; quoted, Howard 1991), 
t½ = 9.9 d at pH 6.3–7.0 at 15°C (Bromilow et al. 1980; Bromilow & Leistra 1980; quoted, Howard 1991;

Montgomery 1993);
t½ = 0.4–3.2 d at pH 4.5–4.9 and 25°C (Rao et al. 1984; quoted, Howard 1991); 
degradation rate constants k = 0.000222 h–1 for discharge rate of 30 cm/year and k = 0.000233 h–1 for

discharge rate of 61 cm/yr with t½ = 30 d (Jones & Back 1984); 
Mineralization t½ = 20–361 d in surface soils and t½ = 131–233 d in surface soils under aerobic condition,

anaerobic t½ = 223–1130 d in surface soils after 63 d incubation (Ou et al. 1985)
reported t½ = 70 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989; quoted,

Montgomery 1993); 
oxidation t½ = 1.7–12 d for pH 1–10 with little change in rate between pH 4.4–10 (Lemley et al. 1988;

quoted, Howard 1991); 
Rapidly oxidized to sulfoxide with t½ ~ 7 d in some soils, much more slowly to sulfone, pH dependent with

t½ varying from a few minutes at a pH of > 12 to ~ 560 d at a pH of 6.0. t½ from 2 to > 8 wk in laboratory
experiment, and t½ < 1 wk in field studies (Mink et al. 1989)

t½ ≤ 2 wk, field study over 218–d period in the unsaturated zone beneath a citrus grove (Hornsby et al.
1990)
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t½ = 480–8664 h, based on unacclimated aerobic soil grab sample data (Howard 1991); 
selected field t½ = 30 d (Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996); 
t½ between 0.3 and 3.5 months in surface soils (Jones & Norris 1998); 
t½ = 12.0 d in sterile soil, t½ = 2.7 d in non–sterile soil; t½ = 1.6, 1.4 and 1.7 d in soil grown with corn,

mung bean and cowpea, respectively (Sun et al. 2004) 
Biota: biochemical t½ = 70 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989).
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18.1.1.3 Aldrin

Common Name: Aldrin
Synonym: Aldrec, Aldrex, Aldrite, Aldrosol, Altox, Compound 118, Drinox, ENT 15949, HHDN, NA 2761, NA 2762,

Octalene, Seedrin
Chemical Name: 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endoexo-5,8-dimethano-naphthalene
Uses: Insecticide/Fumigant
CAS Registry No: 309-00-2
Molecular Formula: C12H8Cl6

Molecular Weight: 364.910
Melting Point (°C): 

104 (Lide 2003)
Boiling Point (°C):

145 (at 2 mmHg, Hartley & Kidd 1987; Montgomery 1993; Milne 1995)
Density (g/cm3 at 20°C):

1.70 (Montgomery 1993) 
Molar Volume (cm3/mol):

316.8 (calculated-Le Bas method at normal boiling point)
214.7 (calculated-density)

Dissociation Constant, pKa:
80.20 (Rordorf 1989)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
16.19 (Ruelle & Kesselring 1997)

Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.168 (mp at 104°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated. Additional data at other temperatures designated * are 
compiled at the end of this section):

0.20* (shake flask-GC/UV, measured range 25–45°C, Richardson & Miller 1960)
0.20 (Stephen & Stephen 1963)
0.027 (25–29°C, shake flask-GC/ECD, Park & Bruce 1968)
0.013*, 0.14*, 0.18* (particle size: 0.01, 0.05 and 5.0µ, shake flask-GC/ECD, Biggar & Riggs 1974)
0.017 (generator column-GC/ECD, Weil et al. 1974)
0.027 (Martin & Worthing 1977)
0.01–0.2 (20–25°C, Wauchope 1978; Willis & McDowell 1982)
0.013 (Kenaga 1980a, b; Kenaga & Goring 1980; Garten & Trabalka 1983)
0.027 (27°C, Spencer 1982; Worthing & Walker 1987)
< 0.05 (rm. temp., Hartley & Kidd 1987, Milne 1995)
0.017–0.18 (Montgomery 1993)
0.027 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
1.06, 0.985 (supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted value, Shen &

Wania 2005)
log [CL/(mol m–3)] = –1480/(T/K) + 2.42 (supercooled liquid, linear regression of literature data, Shen & Wania

2005)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

0.00308 (Porter 1964a)
log (P/mmHg) 2,351 – 2035.35/(T/K); temp range 20–50°C (Porter 1964a)

Cl Cl

Cl Cl

ClCl
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0.0008 (Günther & Günther 1971)
0.0031 (20°C, Martin 1972)
0.075 (20°C, Khan 1980)
0.001 (20°C, estimated-relative volatilization rate, Dobbs & Cull 1982)
0.0086* (20°C, extrapolated, gas saturation-GC, measured range 35.5–70°C, Grayson & Fosbracey 1982)
ln (P/Pa) = 32.9 – 11044/(T/K); temp range 35.5–70°C (Antoine eq., gas saturation-GC, Grayson & Fosbraey

1982)
0.023, 0.033 (PGC by GC-RT correlation, different stationary phases, Bidleman 1984)
0.105 (supercooled liquid PL, converted from literature PS with ∆Sfus Bidleman 1984)
0.0092, 0.0071 (20°C, gas saturation-GC, gas saturation-mixed bed-GC, Kim 1985)
log (P/mmHg) = 10.4514 – 4281.065/(T/K); temp range 25–45°C (gas saturation, Kim 1985)
0.0086 (20°C, Hartley & Kidd 1987)
0.0010 (20°C, Budavari 1989)
0.0081* (gas saturation-GC, measured range 25–125°C, Rordorf 1989)
log (PS/Pa) = 15.561 – 5262.3/(T/K); measured range 45–65.2°C (solid, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 12.489 – 4189.8/(T/K); measured range 105–181°C (liquid, gas saturation-GC, Rordorf 1989)
0.105, 0.0757 (supercooled PL, converted from literature PS with different ∆Sfus values, Hinckley et al. 1990) 
0.0231, 0.0202 (PGC by GC-RT correlation with different reference standards, Hinckley et al. 1990)
log (PL/Pa) = 12.04 – 3924/(T/K) (GC-RT correlation, Hinckley et al. 1990)
0.0031 (20°C, Montgomery 1993)
0.0009 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
0.061, 0.064 (supercooled liquid PL: LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)
log (PL/Pa) = –4106/(T/K) + 12.56 (supercooled liquid, linear regression of literature data, Shen & Wania 2005)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

1.418 (calculated-P/C, Thomas 1982)
50.25 (20°C, gas stripping-GC, Warner et al. 1987)
91.23 (20°C, calculated-P/C, Suntio et al. 1988)
39.2 (calculated-bond contribution method LWAPC, Meylan & Howard 1991)
50.25 (calculated-P/C, Montgomery 1993)
50.8 (quoted from Howard 1989–1991, Capel & Larson 1995)
91.23 (calculated-P/C, this work)
4.46 (wetted wall column-GC, Altschuh et al. 1999)
15, 23 (LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW:

3.01 (Lu & Metcalf 1975)
5.67 (Callahan et al. 1979)
5.66 (calculated, Kenaga 1980a, b)
7.50 (RP-TLC-RT correlation, Lord et al. 1980)
7.40 (extrapolated from RP-TLC, Briggs 1981)
5.66 (shake flask, Geyer et al. 1984)
6.496 ± 0.035 (shake flask/slow-stirring-GC, De Bruijn et al. 1989)
5.17–7.40 (Montgomery 1993)
5.74 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
6.50 (selected, Hansch et al. 1995)
5.74, 5.49, 5.39 (RP-HPLC-RT correlation, CLOGP, calculated-S, Finizio et al. 1997)
6.50, 6.24 (LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equation. Additional data 
at other temperatures designated * are compiled at the end of this section:

8.08* (gas saturation-GC/MS, calculated, measured range 5–25°C, Shoeib & Harner 2002)
log KOA = –4.37 + 3709/(T/K), temp range: 5–25°C (gas saturation-GC, Shoeib & Harner 2002)
8.08, 8.26 (LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)
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Bioconcentration Factor, log BCF:

0.398 (bioaccumulation factor log BF, adipose tissue in female Albino rats, Quaife et al. 1967)
3.56–4.88 (earthworms, Wheatley & Hardman 1968)
2.80 (lake bacteria, Leshniowsky et al. 1970)
4.36; 4.50; 5.15 (Diptera; Epemeoptera; Cladocera; non-steady-state, Johnson et al. 1971)
4.55 (Daphnia magna, wet wt. basis, Johnson et al. 1971)
3.56–4.60 (Oedogonium sp., Metcalf et al. 1973)
3.50 (Metcalf 1974)
3.11 (Anabaena cylindrica, Schauberger & Wildman 1977)
2.30 (Acacystis nidulans, Schauberger & Wildman 1977; quoted, Baughman & Paris 1981)
2.99 (Acacystis nidulans, Schauberger & Wildman 1977; quoted, Baughman & Paris 1981)
4.03, 3.50 (fish: flow water, static water; Kenaga 1980b)
3.85, 1.34 (calculated-S, KOC, Kenaga 1980a)
0.431 (average beef fat diet, Kenaga 1980b)
4.10 (Chlorella fusca, Geyer et al. 1981)
3.59 (golden orfe, Freitag et al. 1982)
4.10 (algae, Freitag et al. 1982)
4.26 (activated sludge, Freitag et al. 1982, 1984)
4.03 (Garten & Trabalka 1983; quoted, Howard 1991)
4.13 (clam fat, 60-d expt., Hartley & Johnson 1983)
4.09 (Chlorella fusca, Geyer et al. 1984)
4.09, 3.44, 4.26 (algae, golden ide, activated sludge, Freitag et al. 1985)
3.66 (molluscs, Hawker & Connell 1986; quoted, Howard 1991)
–1.07 (beef biotransfer factor log Bb, correlated-KOW from Radeleff et al. 1952 & Kenaga 1980; Travis &

Arms, 1988) 
–1.62 (milk biotransfer factor log Bm, correlated-KOW from Saha 1969; Travis Arms 1988) 
–1.67 (vegetation, correlated-KOW from Lichtenstein 1960 & Weisgerber et al. 1974; Travis & Arms, 1988) 
4.09, 4.79 (algae Chlorella: wet wt basis, dry wt basis, Geyer et al. 2000)
4.55, 6.55 (Daphnia: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.66, 5.66 (mussel Mytilus edulis: wet wt basis, lipid wt basis, Geyer et al. 2000)

Sorption Partition Coefficient, log KOC:

2.61 (soil, Hamaker & Thompson 1972; quoted, Kenaga 1980a, b; Kenaga & Goring 1980)
4.68 (calculated-S as per Kenaga & Goring 1978, Kenaga 1980) 
4.69 (soil, sorption isotherm, converted from KOM multiplied by 1.724, Briggs 1981)
4.36 (calculated-KOW as per Kenaga & Goring 1980, Chapman 1989)
4.69 (derived from exptl., Meylan et al. 1992)
5.02 (calculated-MCI χ, Meylan et al. 1992)
6.18 (estimated by QSAR & SPARC, Kollig 1993)
2.61, 4.69 (Montgomery 1993)
3.70 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
4.69; 4.68 (soil, quoted exptl.; estimated-general model, Gramatica et al. 2000)
6.50; 4.70 (soil, calculated-universal solvation model; quoted exptl., Winget et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: half-life of a few hours to a few days (Callahan et al. 1979); 
calculated t½ = 68 h from water (Thomas 1982).
Photolysis:
Oxidation: photooxidation t½ = 0.9–9.1 h, based on an estimated rate constant for vapor-phase reaction with

hydroxyl radicals in air (Atkinson 1987; quoted, Howard et al. 1991).
Hydrolysis: not readily hydrolyzable with t½ > 4 yr (Callahan et al. 1979); 

first-order t½ = 760 d, based on a first-order rate constant k = 3.8 × 10–5 h–1 at pH 7.0 and 25°C (Ellington
et al. 1987, 1988; quoted, Howard et al. 1991); 

no disappearance in sealed glass ampoules after two weeks at pH 11 and 85°C (Kollig 1993)
t½ = 760 d at pH 7 and 25°C (Montgomery 1993)
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t½ = 760 d at pH 7 in natural waters (Capel & Larson 1995).
Biodegradation: aqueous aerobic t½ = 504–14200 h, based on unacclimated aerobic river die-away test data and

soil field test data (Lichtenstein et al. 1971; quoted, Howard et al. 1991); 
rate constant k = 0.013 d–1 by soil incubation studies from die-away tests (Rao & Davidson 1980; quoted,

Scow 1982); 
aqueous anaerobic t½ = 24–168 h, based on soil and freshwater mud grab sample data (Maule et al. 1987;

quoted, Howard et al. 1991); 
t½ = 43–63 d in a sandy loam soil incubated in the dark (McLean et al. 1988; quoted, Howard 1991)
t½(aerobic) = 21 d, t½(anaerobic) = 1 d in natural waters (Capel & Larson 1995).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: estimated t½ ~ 35.5 min for the vapor phase reaction with hydroxyl radical in air (GEMS 1986; quoted,
Howard 1991); 
t½ = 0.9–9.1 h, based on an estimated rate constant for vapor-phase reaction with hydroxyl radical in air

(Atkinson 1987; quoted, Howard et al. 1991).
Surface water: t½ = 504–14200 h, based on unacclimated aerobic river die-away test data (Eichelberger &

Lichtenberg 1971; quoted, Howard et al. 1991) and soil field test data (Lichtenstein et al. 1971; quoted,
Howard et al. 1991).
Biodegradation t½(aerobic) = 21 d, t½(anaerobic) = 1 d, hydrolysis t½ = 760 d at pH 7 in natural waters

(Capel & Larson 1995)
Ground water: t½ = 24–28400 h, based on estimated aqueous aerobic and anaerobic biodegradation half-lives

(Howard et al. 1991).
Sediment:
Soil: t½ = 5–10 yr persistence in soil (Nash & Woolson 1967); 

t½ = 504–14200 h, based on unacclimated aerobic river die-away test data (Eichelberger & Lichtenberg
1971; quoted, Howard et al. 1991) and soil field test data (Lichtenstein et al. 1971; quoted, Howard
et al. 1991);

persistence of 2 yr (Edwards 1973; quoted, Morrill et al. 1982); 
more than 24 months of persistence in soil (Wauchope 1978); 
estimated first-order k = 0.013 d–1 with t½ = 53.3 d from biodegradation by soil incubation studies from

die-away tests (Rao & Davidson 1980; quoted, Scow 1982); 
moderately persistent with a t½ = 20–100 d (Willis & McDowell 1982; quoted, Howard 1991); 
t½ = 43–63 d in a sandy loam soil incubated in the dark (McLean et al. 1988; quoted, Howard 1991);
selected field t½ = 365 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
t½ = 5–9 d (Geyer et al. 2000)

Biota:
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TABLE 18.1.1.3.1
Reported aqueous solubilities and octanol-air partition coefficients of aldrin at various temperatures

Aqueous solubility log KOA

Richardson & Miller 1960 Biggar & Riggs 1974 Shoeib & Harner 2002

shake flask-UV spec. shake flask-GC generator column-GC/MS

t/°C S/g·m–3 t/°C S/g·m–3 S/g·m–3 S/g·m–3 t/°C log KOA

particle size 0.01µ 0.05µ 5.0µ
25 0.20 15 0.0055 0.052 0.105 5 9.0091
35 0.39 25 0.0135 0.140 0.180 10 8.6780
45 0.79 35 0.030 0.235 0.350 15 8.5419

45 0.065 0.455 0.600 20 8.2987
25 8.0801
25 8.080

log KOA = A + B/(T/K)
A –4.366
B 3709

enthalpy of phase change
∆HOA/(kJ mol–1) = 71.0

FIGURE 18.1.1.3.1 Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for aldrin.

Aldrin: solubility vs. 1/T
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FIGURE 18.1.1.3.2 Logarithm of KOA versus reciprocal temperature for aldrin.

TABLE 18.1.1.3.2
Reported vapor pressures of aldrin at various temperatures and the coefficients for the vapor pressure
equations

log P = A – B/(T/K) (1) ln P = A – B/(T/K) (1a)
log P = A – B/(C + t/°C) (2) ln P = A – B/(C + t/°C) (2a)
log P = A – B/(C + T/K) (3)
log P = A – B/(T/K) – C·log (T/K) (4)

Grayson & Fosbracey 1982 Rordorf 1989

gas saturation-GC gas saturation-GC

t/°C P/Pa t/°C P/Pa

35.5 0.063 25 0.0081
41.0 0.101 50 0.19
41.6 0.112 75 2.80
45.6 0.163 100 29.0
50.8 0.329 125 220
63.3 1.033
70.0 2.213 eq. 1 PS/Pa
20 0.0086 A 15.561

B 5262.3
eq. 1a P/Pa
A 11044 for liquid
B 32.9 eq 1 PL/Pa

A 12.489
B 4189.8

Aldrin: KOA vs. 1/T
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Shoeib & Harner 2000
Shoeib & Harner 2002 (interpolated)
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FIGURE 18.1.1.3.3 Logarithm of vapor pressure versus reciprocal temperature for aldrin.

Aldrin: vapor pressure vs. 1/T
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18.1.1.4 Aminocarb

Common Name: Aminocarb
Synonym: A 363, Bay 44646, Bayer 5080, ENT 25784, Matacil, Mitacil
Chemical Name: 4-dimethylamino-m-tolyl methylcarbamate, 4-dimethylamino-3-methylphenol methylcarbamate
Uses: nonsystemic, broad-spectrum insecticide used to control the spruce budworm in forests and also as molluscicide.
CAS Registry No: 2032-59-9
Molecular Formula: C11H16N2O2

Molecular Weight: 208.257
Melting Point (°C): 

94 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol):

250.0 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.210 (mp at 94°C)

Water Solubility (g/m3 or mg/L at 25°C):

915 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
915, 1360 (20°C, 30°C, Montgomery 1993)
915 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996) 

Vapor Pressure (Pa at 25°C):

0.00227 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol):

5.17 × 10–4 (20–25°C, calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

1.74 (Zitko & McLeese 1980) 
1.73 (20°C, shake flask-GC, Bowman & Sans 1983b)
1.90 (22°C, shake flask-GC, pH 9, Bowman & Sans 1983b)
0.91, 1.90 (pH 5, pH 9, shake flask-GC, Weinberger & Greenhalgh 1983)
1.70 (Richardson & Qadri 1986)
1.73 (Montgomery 1993)
1.90 (recommended, Sangster 1993)
1.90 (pH 9, selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

0.690 (mussel, McLeese et al. 1980)

Sorption Partition Coefficient, log KOC: 

1.92 (calculated, Montgomery 1993)
2.00 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
2.52, 1.94 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Half-Lives in the Environment:

Soil: selected field t½ = 6 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996).
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18.1.1.5 Azinphos-methyl

Common Name: Azinphos-methyl
Synonym: Bay or Bayer 9027, Bay 17147, Carfene, Cotnion, Cotnion methyl, Crysthion 21, DBD, ENT 23233, Gothnion,

Guthion, Gusathion, Metiltriazotion, R 1582
Chemical Name: O,O-dimethyl-S-[-4-oxo-1,2,3-benzotriazin-3(4H)-yl)methyl)] phosphorodithioate; O,O-dimethyl-

S-[3,4-dihydro-4-keto-1,2,3-benzotriazinyl-3-methyl) dithiophosphate
Uses: nonsystemic insecticide and acaricide for control of insects and pests in blueberry, grape, maize, vegetable, cotton,

and citrus crops.
CAS Registry No: 86-50-0 
Molecular Formula: C10H12N3O3PS2

Molecular Weight: 317.324
Melting Point (°C): 

73 (Lide 2003)
Boiling Point (°C):

> 200 (dec., Montgomery 1993) 
Density (g/cm3 at 20°C): 

1.518 (Tomlin 1994)
1.44 (Milne 1995; Montgomery 1993)

Molar Volume (cm3/mol):
270.4 (calculated-Le Bas method at normal boiling point) 

Dissociation Constant, pKa:
Enthalpy of Vaporization, ∆HV (kJ/mol):

96.65 (Rordorf 1989)
Enthalpy of Fusion, ∆Hfus (kJ/mol):

30.96 (DSC method, Plato & Glasgow 1969)
20.5 (Rordorf 1989)

Entropy of Fusion, ∆Sfus (J/mol K):
59 (Rordorf 1989)

Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.338 (mp at 73°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

33 (rm. temp., Spencer 1973; Worthing 1979; Khan 1980; Budavari 1989)
30 (20°C, Melnikov 1971; Spencer 1982)
33 (20–25°C, Willis & McDowell 1982) 
20.9 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
29 (Hartley & Kidd 1987; Lohninger 1994)
28 (20°C, Worthing & Hance 1991; Tomlin 1994)
29 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
30 (Milne 1995) 

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations):

2.93 × 10–5 (20°C, Melnikov 1971)
0.0510 (20°C, Khan 1980) 
1.00 × 10–6 (20°C, Worthing & Walker 1983)
1.11 × 10–5 (20°C, GC-RT correlation without mp correction, Kim et al. 1984; Kim 1985)
3.10 × 10–6 (20°C, GC-RT correlation with mp correction, Kim et al. 1984; Kim 1985)
< 0.0010 (20°C, Hartley & Kidd 1987)
3.00 × 10–5 (20°C, selected, Suntio et al. 1988)
7.80 × 10–7, 3.0 × 10–5, 6.90 × 10–4, 0.010, 0.11 (25, 50, 70, 100, 125°C, gas saturation-GC, Rordorf 1989)
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log (PS/Pa) = 14.416 – 6119.2/(T/K); measured range 80.3–145°C (solid, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 11.327 – 5048.6/(T/K); measured range 80.3–145°C (liquid, gas saturation-GC, Rordorf 1989)
<1.8 × 10–4 (20°C, Worthing & Hance 1991)
1.80 × 10–4 (20°C, Tomlin 1994)
2.67 × 10–5 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.13 × 10–4 (20°C, Montgomery 1993)

Henry’s Law Constant (Pa·m3/mol at 25°C):

0.0032 (20°C, calculated-P/C, Suntio et al. 1988)
1.52 × 10–5 (calculated-P/C, Howard 1991)
3.17 × 10–4 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

2.99 (Callahan et al. 1979)
2.69 (20°C, shake flask-GC, Bowman & Sans 1983b)
2.75 (Hansch & Leo 1985)
2.43 (HPLC-RT correlation, Moody et al. 1987)
2.69, 2.75 (Montgomery 1993)
2.75 (recommended, Sangster 1993)
2.96 (Tomlin 1994)
2.75 (recommended, Hansch et al. 1995)
2.62 (Pomona-database, Müller & Kördel 1996)

Bioconcentration Factor, log BCF:

1.96 (calculated-S as per Kenaga 1980, this work)
1.86 (calculated-KOW, Lyman et al. 1982; quoted, Howard 1991)

Sorption Partition Coefficient, log KOC: 

2.61 (calculated-S, Lyman et al. 1982; quoted, Howard 1991)
2.28 (Fröbe et al. 1989)
1.30 (selected, USDA 1989; Neary et al. 1993)
2.28 (derived from exptl., Meylan et al. 1992)
1.84 (calculated-MCI χ, Meylan et al. 1992)
3.00 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.47–3.53 (Montgomery 1993)
2.95 (soil, HPLC-screening method, mean value of different stationary and mobile phases, Kördel et al.

1993, 1995)
2.28 (soil, calculated- QSAR MCI 1χ, Sabljic et al. 1995)
2.95; 1.84 (HPLC-screening method; calculated-PCKOC fragment method, Müller & Kördel 1996)
3.67, 3.69, 2.73, 2.74, 2.91 (first generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch equilib-

rium-HPLC/UV, Gawlik et al. 1998, 1999)
3.30, 2.89, 2.75, 2.799, 3.231 (second generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch

equilibrium-HPLC/UV, Gawlik et al. 1999)
2.69 (sandy loam soil, column equilibrium method, 20°C, Xu et al. 1999)
3.299, 2.894, 2.755, 2.799, 3.231 (second generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, HPLC-k′ corre-

lation, Gawlik et al. 2000)
2.28; 1.80, 2.04 (soil, quoted exptl.; estimated-class specific model, estimated-general model, Gramatica et al.

2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: 
Photolysis: 
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Oxidation: photooxidation t½ = 1.3 h, based on an estimated rate constant for the vapor-phase reaction with
hydroxyl radical in air (Atkinson 1987; quoted, Howard et al. 1991).

Hydrolysis: first-order t½ = 36.4, 27.9, 7.2 d in water at pH 8.6 and 6°C, 25°C and 40°C (Heuer et al. 1974;
quoted, Howard 1991); 
t½ = 27.9 d at pH 8.6 and 25°C (Montgomery 1993); 
t½ = 87 d at pH 4, t½ = 50 d at pH 7, and t½ = 4 d at pH 9 at 22°C (Tomlin 1994).

Biodegradation: studies with aquatic water/sediment microorganisms at 5 mg/L and pH 6.7 indicate t½ = 3.3 d
in microcosms compared to t½ = 2.7 d in field studies (Portier 1985; quoted, Howard 1991).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ = 1.3 h, based on an estimated rate constant for the vapor-phase reaction with hydroxyl radical in air
(Atkinson 1987; quoted, Howard et al. 1991).

Surface water: t½ = 415 d at 6°C, t½ = 115 d at 22°C in darkness for Milli-Q water; t½ = 278 d at 6°C, t½ = 42 d
at 22°C in darkness, 8 d under sunlight conditions for river water at pH 7.3; t½ = 506 d at 6°C, t½ = 35 d
at 22°C in darkness for filtered river water at pH 7.3; t½ = 26 d at 22°C in darkness, t½ = 11 d under sunlight
conditions for seawater at pH 8.1 (Lartiges & Garrigues 1995).

Ground water: 
Sediment:
Soil: for dry soil with 2–3% moisture, t½ = 484, 88, and 32 d at 6, 25, and 40°C, respectively; while for moist

soil with 50% moisture content, half-lives were much shorter: 64, 13, and 5 d at 6, 25, and 40°C, respectively
(Yaron et al. 1974; quoted, Montgomery 1993);
selected field t½ = 10 d (Wauchope et al. 1992; Hornsby et al. 1996); 
average t½ = 40 d (Dowd et al. 1993); 
half-life in soil ranges from a few days to many weeks, depending on soil type (Tomlin 1994); 
t½ = 10 d (selected, Halfon et al. 1996).

Biota: average t½ = 30 d in forest (selected, USDA 1989; quoted, Neary et al. 1993).

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3732 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

18.1.1.6 Bendiocarb

Common Name: Bendiocarb
Synonym: Bencarbate, Dycarb, Ficam, Garvox, Multamat, Multimet, NC 6897, Niomil, Rotate, Seedox, Tatto, Turcam
Chemical Name: 2,3-isopropylidenedioxyphenyl methylcarbamate; 2,2-dimethyl-1,3-benzodioxol-4-yl methyl-carbamate
Uses: contact insecticide used to control beetles, wireworms, flies, wasps, and mosquitoes in beets and maize.
CAS Registry No: 22781-23-3
Molecular Formula: C11H13NO4

Molecular Weight: 223.226
Melting Point (°C): 

130 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.25 (Worthing & Hance 1991; Montgomery 1993; Tomlin 1994; Milne 1995)
Molar Volume (cm3/mol):

231.7 (calculated-Le Bas method at normal boiling point)
178.6 (calculated-density)

Dissociation Constant, pKa:
8.80 (Worthing & Hance 1991; Wauchope et al. 1992; Montgomery 1993; Tomlin 1994)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.0933 (mp at 130°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

40 (Spencer 1973, 1982)
40 (Martin & Worthing 1977; Worthing & Walker 1987; Kenaga 1980;)
40 (20°C, Hartley & Kidd 1987; Montgomery 1993; Milne 1995)
40 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996) 
40 (Lohninger 1994)
280 (20°C at pH 7, Tomlin 1994) 

Vapor Pressure (Pa at 25°C or as indicated):

6.6 × 10–4 (Hartley & Kidd 1987)
0.00467 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
6.6 × 10–4 (20°C, Montgomery 1993) 
0.0046 (quoted, gas saturation-GC, Tomlin 1994)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.365 (20°C, calculated-P/C, Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW: 

5.29 (selected, Dao et al. 1983)
1.70 (Worthing & Hance 1991; Montgomery 1993; Milne 1995)
1.72 (at pH 6.55, Tomlin 1994)
1.70 (recommended, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

1.89 (calculated-S, Kenaga 1980)
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Sorption Partition Coefficient, log KOC: 

2.76 (calculated-S, Kenaga 1980)
2.76 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.76 (Montgomery 1993)
2.76 (estimated-chemical structure, Lohninger 1994)
1.45–1.60 (Tomlin 1994)
1.30, 1.83 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Hydrolysis: t½ = 4 d at pH 7 and 25°C (Spencer 1982; Montgomery 1993; Tomlin 1994).

Half-Lives in the Environment:

Air:
Surface water: hydrolysis half-life of 4 d at 25°C and pH 7 under EPA guidelines (Spencer 1982)
Ground water:
Sediment:
Soil: half-life of several days to a few weeks (Hartley & Kidd 1987; quoted, Montgomery 1993); 

selected field t½ = 5.0 d (Wauchope et al. 1992; Hornsby et al. 1996).
Biota:
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18.1.1.7 Bromophos

Common Name: Bromophos
Synonym: Nexion, S-1942, Omexan, Brofene
Chemical Name: o-4-bromo-2,5-dichlorophenyl O,O-dimethyl phosphorothioate
CAS Registry No: 2104-96-3
Uses: insecticide
Molecular Formula: C8H8BrCl2PS
Molecular Weight: 317.999
Melting Point (°C): 

54 (Lide 2003)
Boiling Point (°C): 

140–142 at 0.01 mmHg (Hartley & Kidd 1987; Worthing & Walker 1987)
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.519 (mp at 54°C)

Water Solubility (g/m3 or mg/L at 25°C):

40 (Kenaga 1980b; Spencer 1982; Hartley & Kidd 1987)
0.30 (20°C, shake flask-GC, Bowman & Sans 1979)
0.652 (20°C, correlated, Bowman & Sans 1983b)
0.70 (20°C, Worthing & Walker 1987)

Vapor Pressure (Pa at 25°C):

0.017 (20°C, Hartley & Kidd 1987; Worthing & Walker 1987)

Henry’s Law Constant (Pa·m3/mol):

Octanol/Water Partition Coefficient, log KOW:

4.88 (shake flask-concn ratio-GC, Bowman & Sans 1983b)
5.208 ± 0.009 (slow stirring-GC, De Bruijn et al. 1989; De Bruijn & Hermens 1991)
4.88 (recommended, Sangster 1993)
5.21 (recommended, Hansch et al. 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

1.89 (calculated, Kenaga 1980b)
4.65 ± 0.06 (guppy, calculated on an extractable liquid wt basis, De Bruijn & Hermens 1991)

Sorption Partition Coefficient, log KOC: 

2.76 (calculated-solubility, Kenaga 1980b)
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Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis:
Oxidation:
Hydrolysis: hydrolyzed in alkaline media (Worthing 1987).
Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k1 = 0.01307 mL g–1 d–1; k2 = 0.33 d–1 (guppy, De Bruijn & Hermens 1991)
k2 = 12 d–1 (guppy, calculated-KOW, De Bruijn & Hermens 1991)

Half-Lives in the Environment:
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18.1.1.8 Bromophos-ethyl

Common Name: Bromophos-ethyl
Synonym: Nexagan, Filariol
Chemical Name: O-(4-bromo-2,5-dichlorophenyl) O,O-diethyl phosphorothioate
CAS Registry No: 4824-78-6
Uses: insecticide, acaricide
Molecular Formula: C10H12Cl2O3PS
Molecular Weight: 394.049
Melting Point (°C):

colorless liquid (Spencer 1982)
Boiling Point (°C):

122–123 (at 0.001 mmHg, Hartley & Kidd 1987; Worthing & Walker 1987)
Density (g/cm3 at 20°C): 

1.52–1.55 (Hartley & Kidd 1987; Worthing & Walker 1987)
Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C):

2.0 (Kenaga 1980b; Spencer 1982; Hartley & Kidd 1987)
0.44 (20°C, Bowman & Sans 1983b)
0.14 (20°C, Worthing & Walker 1987)

Vapor Pressure (Pa at 25°C):

6.1 × 10–3 (30°C, Spencer 1982; Hartley & Kidd 1987; Worthing & Walker 1987)

Henry’s Law Constant (Pa·m3/mol):

Octanol/Water Partition Coefficient, log KOW:

5.68 (shake flask-concn-ration, Bowman & Sans 1983b)
6.149 ± 0.019 (slow-stirring-GC; De Bruijn et al. 1989)
5.68 (recommended, Sangster 1993)
6.15 (recommended, Hansch et al. 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

2.62 (fish, calculated, Kenaga 1980b)

Sorption Partition Coefficient, log KOC: 

3.48 (soil, calculated-solubility, Kenaga 1980b)
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Environmental Fate Rate Constants, k, or Half-Lives, t½:

Hydrolysis: at room temp., stable in aqueous suspension at pH < 9, hydrolysed at pH > 9, particularly at higher
temperature (Worthing & Walker 1987).

Half-Lives in the Environment:
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18.1.1.9 Carbaryl

Common Name: Carbaryl
Synonym: Arylam, Atoxan, Caproline, Carbamine, Carbatox, Carpolin, Carylderm, Cekubaryl, Crag sevin, Denapon,

Devicarb, Dicarbam, ENT 23969, Gamonil, Germain’s, Hexavin, Karbaspray, Karbatox, Karbosep, OMS 29,
naphthyl carbamate, Panam, Ravyon, Rylam, Seffein, Septene, Sevimol, Sevin, Sok, Tercyl, Toxan, Union Carbide
7744

Chemical Name: carbamic acid, methyl-, 1-naphthyl ester; 1-naphthalenol, methyl carbamate; 1-naphthyl-N-methyl
carbamate; 1-naphthyl methylcarbamate; 1-naphthalenyl methylcarbamate

Uses: contact insecticide used to control most insects on fruits, vegetables, and ornamentals; also used as growth regulator
for fruit thinning of apples.

CAS Registry No: 63-25-2
Molecular Formula: C12H11NO2

Molecular Weight: 201.221
Melting Point (°C): 

145 (Lide 2003)
Boiling Point (°C): dec. on distillation
Density (g/cm3 at 20°C): 

1.232 (Spencer 1982; Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994; Milne 1995)
0.52–0.61 (Worthing & Hance 1991)

Molar Volume (cm3/mol):
218.7 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

24.27 (DSC method, Plato & Glasgow 1969)
Entropy of Fusion ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.0665 (mp at 145°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

40 (shake flask, David et al. 1960)
40 (30°C, Spencer 1973; Worthing & Hance 1991)
40 (Martin & Worthing 1977)
34 (20–25°C, shake flask-GC, Kanazawa 1981)
50 (20°C, Spencer 1982)
104 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
82.6 (generator column-GC, Swann et al. 1983)
590 (RP-HPLC-RT correlation, Swann et al. 1983)
120 (30°C, Hartley & Kidd 1987; Worthing & Walker 1987; Tomlin 1994)
120 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
104, 130 (20°C, 30°C, Montgomery 1993)
40, 1000 (Milne 1995) 

Vapor Pressure (Pa at 25°C or as indicated):

< 0.665 (26°C, Melnikov 1971)
2.80 × 10–3 (20°C, Hartley & Graham-Bryce 1980)
< 0.133 (20–25°C, Weber et al. 1980)
1.81 × 10–4 (Ferreira & Seiber 1981)
7.75 × 10–3, 5.39 × 10–4 (20°C, GC-RT correlation, GC-RT correlation with mp correction, Kim 1985)
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< 0.665 (26°C, Hartley & Kidd 1987)
< 0.0053 (Worthing & Hance 1991)
1.60 × 10–4 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
8.77 × 10–4 (Montgomery 1993)
2.00 × 10–4 (23.5°C, Tomlin 1994)

Henry’s Law Constant (Pa m3/mol):

0.0013 (calculated-P/C, Suntio et al. 1988;)
4.41 × 10–4 (calculated-P/C as known LWAPC, Meylan & Howard 1991)
3.18 × 10–4 (calculated-bond contribution method LWAPC, Meylan & Howard 1991)
1.287 (20°C, calculated-P/C, Montgomery 1993)
< 0.010 (estimated, Mabury & Crosby 1996)
4.48 × 10–5 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

2.36 (shake flask-UV, Fujita et al. 1974)
2.36 (Freed et al. 1976)
2.81 (Hansch & Leo 1979; Rao & Davidson 1980)
2.32 (shake flask-UV, Lord et al. 1980)
2.32 (20°C, shake flask-UV, Briggs 1981)
2.29 (20°C, shake flask-GC, Kanazawa 1981)
2.36 (Lyman et al. 1982; Magee 1991; Trapp & Pussemier 1991)
2.31 (22°C, shake flask-GC, Bowman & Sans 1983b)
2.36 (Hansch & Leo 1985)
2.14 (RP-HPLC-RT correlation, Trapp & Pussemier 1991)
2.63 (HPLC-RT correlation, average, Hu & Leng 1992)
2.31–2.81 (Montgomery 1993)
1.99 (RP-HPLC-RT correlation, Saito et al. 1993)
1.59 (Tomlin 1994)
2.36 (recommended, Hansch et al. 1995)
2.24 (RP-HPLC-RT correlation, Nakamura et al. 2001)

Bioconcentration Factor, log BCF:

< 0.0 (fish in static water, Metcalf & Sanborn 1975; Freed et al. 1976)
1.89 (calculated-S, Kenaga 1980)
1.08 (calculated-KOC, Kenaga 1980)
1.64 (earthworm, Lord et al. 1980)
0.95 (Pseudorasbora parva, Kanazawa 1981)
1.86 (algae, Freitag et al. 1982)
1.53 (golden orfe, Freitag et al. 1982)
1.95 (activated sludge, Freitag et al. 1982, 1984)
0.954 (topmouth gudgeon, Kanazawa 1983)
1.45 (golden ide, Freitag et al. 1984)
1.85, 1.48, 1.95 (algae, golden ide, activated sludge, Freitag et al. 1985)

Sorption Partition Coefficient, log KOC: 

2.36 (soil, Leenheer & Atrichs 1971; LaFleur 1976)
2.36 (Kenaga 1980; Kenaga & Goring 1978)
2.76 (calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
2.49 (average of 3 soils, McCall et al. 1980)
2.49 (average of 3 soils, HPLC-RT correlation, McCall et al. 1980)
2.02 (soil slurry/shake flask-UV method, converted form reported as log KOM of 1.78, Briggs. 1981)
3.04, 2.50, 2.42 (estimated-S, calculated-S and mp, estimated-KOW, Karickhoff 1981)
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2.76, 2.66 (estimated-S, KOW, Lyman 1982)
2.59 (soil slurry method, Swann et al. 1983)
2.57 (reverse phase HPLC-RT correlation, Swann et al. 1983)
2.14 (calculated- MCI χ, Gerstl & Helling 1987)
2.36 (soil, screening model calculations, Jury et al. 1987b)
2.23 (calculated-MCI χ, Bahnick & Doucette 1988)
2.30 (RP-HPLC-k′ correlation, cyanopropyl column, Hodson & Williams 1988)
2.04 (estimated as log KOM, Magee 1991)
2.48 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.30 (soil, Dowd et al. 1993)
2.02–2.59 (Montgomery 1993)
2.71 (estimated-chemical structure, Lohninger 1994)
2.40 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.21, 2.39 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)
2.49–2.62 (sediments of San Diego Creek and Bonita Creek, shake flask-GC, Bondarenko & Gan 2004)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ = 3000 d estimated from Henry’s law constant for a body of water 1 m deep, flowing at 1 m/s
and with a wind speed of 3 m/s (Howard 1991).

Photolysis: t½ = 6.6 d for a mid-summer day at latitude 40°, photolysis is about 4 times faster than in the winter
months (Wolfe et al. 1978)
t½(air) = 52–200 h in the atmosphere, based on aqueous photolysis data; t½(aq.) = 52–200 h, based on

reported photolysis half-life for summer and winter sunlight at 40°N (Howard et al. 1991) 
k(aq.) = 6.4 × 10–4 h–1 (Armbrust 2000)
k(aq.) = (5.6 ± 0.3) × 10–5 s–1 in the presence of UV light, a 30 ppm carbaryl solution at 298 K; in the

presence of silver-doped zeolite Y catalyst with 2.42% Ag by weight, the photodecomposition rate
becomes 80 times faster. The addition of Suwannee River natural organic matter had a minimal effect
on this system, increases or decreases the catalytic photodecomposition rate by a factor of 3 at most
(Kanan et al. 2003).

Oxidation: photooxidation t½ = 4.5–7.4 h, based on estimated rate constant for the vapor-phase reaction with
hydroxyl radical in air (Howard et al. 1991) 
kOH(aq.) = 3.40 × 109 M–1 s–1 in irradiated field water both in the laboratory and sunlit rice paddies and the

field dissipation t½ = 8.8 h (Mabury & Crosby 1996).
Hydrolysis: k(alkaline) = (5.02 ± 0.03) M–1 h–1 with t½ = 1500 d at pH 5, t½ = 15 d at pH 7 and t½ = 0.15 d at

pH 9 and 28°C (Wolfe et al. 1978) 
t½ = 312 h, based on base rate constant at pH 7 and 25°C (Howard et al. 1991)
t½ = 1500 d at pH 5, t½ = 15 d at pH 7, and t½ = 0.15 d at pH 9 at 27°C (Montgomery 1993) 
t½ = 12 d at pH 7 and t½ = 3.2 h at pH 9 (Tomlin 1994)
t½ = 1500 d at pH 2, t½ = 13 d at pH 7 and t½ = 0.00013 d at pH 12 in natural waters (Capel & Larson 1995) 
k = 0.066 d–1 at pH 7, k = 5.2 d–1 at pH 9; dissipation by hydrolysis from a simulated aquatic system after

30 d: 53.9%, 59.1% of depth of 10 cm, 1 m, respectively, at pH 6; 64.2%, 70.7% of depth of 10 cm,
1 m, respectively, at pH 7; and 85.7%, 81.0% of depth of 10 cm, 1 m, respectively, at pH 7 (Armbrust
2000) Biodegradation: 

t½(aerobic) = 40–720 h, based on unacclimated aerobic river die-away test data and freshwater grab sample
data (Eichelberger & Lichtenberg 1971; quoted, Howard et al. 1991)

t½ > 3 × 104 d, assuming a bacterial population of 0.1 mg/L (Wolfe et al. 1978b)
k(aq.) = 2.4 × 10–10 mL cell–1 d–1 in aquatic system (Scow 1982) 
t½(anaerobic) = 160–2880 h, based on unacclimated aerobic biodegradation (Howard et al. 1991) 
t½(aerobic) = 1.7 d, t½(anaerobic) = 6.7 d in natural waters (Capel & Larson 1995)
k(aerobic) = 1.70 × 10–3 h–1 (Armbrust 2000) .

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:
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Half-Lives or Fate Rate Constants in the Environment:

Air: t½ = 12.6 h, based on estimated rate constant for the vapor-phase reaction with photochemically produced
hydroxyl radical in the atmosphere (Howard 1991); 
t½ = 4.5–7.4 h, based on estimated rate constant for the vapor-phase reaction with hydroxyl radical in air

(Howard et al. 1991); 
atmospheric transformation lifetime was estimated to be <1 d (Kelly et al. 1994). 

Surface water: hydrolysis t½ = 1500 d at pH 5, t½ = 15 d at pH 7 and t½ = 0.15 d at pH 9; direct photolysis
t½ = 6.6 d; and biolysis t½ > 3 × 104 d assuming a bacterial population of 0.1 mg/L (Wolfe et al. 1978b); 
18–20% recovered from pond water after 42 d, 37–42% recovered after 50 d from creek water (Szeto et al.

1979)
t½ = 3.2–200 h, based on aqueous hydrolysis half-life at pH 9 and 28°C and photolysis half-life for winter

sunlight at 40°N (Howard et al. 1991)
Biodegradation t½(aerobic) = 1.7 d, t½(anaerobic) = 6.7 d, hydrolysis t½ = 1500 d at pH 2, t½ = 13 d at pH

7 and t½ = 0.00013 d at pH 12 in natural waters (Capel & Larson 1995) 
t½ = 37 d at 22°C for Milli-Q water at pH 6.1; t½ = 31 d at 6°C, t½ = 11 d at 22°C in darkness, t½ = 9 d

under sunlight conditions for river water at pH 7.3; t½ = 45 d at 6°C, t½ < 2 d at 22°C in darkness for
filtered river water at pH 7.3; t½ = 22 d at 6°C, t½ < 2 d at 22°C in darkness and t½ = 13 d under sunlight
conditions for seawater at pH 8.1 (Lartiges & Garrigues 1995);

dissipation by hydrolysis from a simulated aquatic system after 30 d, 53.9%, 59.1% of depth of 10 cm, 1 m,
respectively, at pH 6, 64.2%, 70.7% of depth of 10 cm, 1 m, respectively, at pH 7 and 85.7%, 81.0% of
depth of 10 cm, 1 m, respectively, at pH 7 (Armbrust 2000).

Ground water: t½ = 3.2–1440 h, based on aqueous hydrolysis half-life at pH 9 and 28°C, and unacclimated
aerobic biodegradation half-life (Howard et al. 1991).

Sediment: ~ 55% recovered after 50 d in autoclaved water and sediment samples (Szeto et al. 1979)
first-order degradation k = 0.392 d–1 with t½ = 1.8 d under aerobic conditions, k = 0.005 d–1 with t½ = 125 d

under anaerobic conditions in sediment from San Diego Creek, Orange County, CA; first-order degra-
dation k = 0.141 d–1 with t½ = 4.9 d under aerobic conditions, k = 0.0009 d–1 with t½ = 746 d under
anaerobic conditions in sediment from Bonita Creek, Orange County, CA (Bondarendo & Gan 2004)

Soil: t½ = 97–251 h in dry soil and 4458–688 h in wet or saturated soil (Hautala 1978; quoted, Howard 1991);
persistence of less than one month (Wauchope 1978); 
t½ = 3.2–720 h, based on aqueous hydrolysis half-life at pH 9 and 28°C and unacclimated aerobic biodeg-

radation half-life (Howard et al. 1991); 
biodegradation rate constant k = 0.037 d–1 in soil by die-away test (Rao & Davidson 1980; quoted, Scow

1982); 
moderately persistent in soils with t½ = 20–100 d (Willis & McDowell 1982); 
t½ = 22 d from screening model calculations (Jury et al. 1987b); 
selected field t½ = 10 d (Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996); 
t½ = 8 d (Pait et al. 1992); 
degradation t½ = 7–14 d in a sandy loam and t½ = 14–28 d in a clay loam under aerobic conditions for

concn. at 1 ppm (Tomlin 1994); 
t½ = 10 d (selected, Halfon et al. 1996)
Field dissipation t½ = 8.8 h (Mabury & Crosby 1996)
t½ = 14 d in an aerobic soil, t½ = 72 d in an anaerobic aquatic soil (quoted, Bondarenko & Gan 2004)

Biota: biochemical t½ = 22 d from screening model calculations (Jury et al. 1987b).
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18.1.1.10 Carbofuran

Common Name: Carbofuran
Synonym: Bay 70143, Curaterr, ENT 27164, Furadan, NIA 10242, Niagara 10242, Yaltox
Chemical Name: 2,3-dihydro-2,2-dimethylbenzofuran-7-yl methylcarbamate; 2,3-dihydro-2,2-dimethyl-7-benzo-furanyl

methylcarbamate
Uses: broad-spectrum systemic insecticide, nematocide and acaricide applied in soil to control insects and nematodes;

also to control insects and mites on foliage.
CAS Registry No: 1563-66-2
Molecular Formula: C12H15NO3

Molecular Weight: 221.252
Melting Point (°C): 

151 (Lide 2003)
Boiling Point (°C): 
Density (g/cm3 at 20°C):

1.18 (Hartley & Kidd 1987; Trotter et al. 1991; Montgomery 1993; Tomlin 1994; Milne 1995) 
Molar Volume (cm3/mol):

240.8 (calculated-Le Bas method at normal boiling point)
187.5 (calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.0580 (mp at 151°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

700 (Spencer 1973, 1982; Khan 1980; Weber et al. 1980)
250 (Caro et al. 1976)
415 (Martin & Worthing 1977; Herbicide Handbook 1978, 1983)
320 (19°C, shake flask-GC, Bowman & Sans 1979, 1983b)
700 (Verschueren 1983; Windholz 1983, Budavari 1989)
480 (generator column-HPLC/RI, Swann et al. 1983)
670 (RP-HPLC-RT correlation, Swann et al. 1983)
700 (Hartley & Kidd 1987; Worthing & Walker 1987; Milne 1995)
351 (20–25°C, selected, Wauchope 1989; Wauchope et al. 1992; Hornsby et al. 1996)
320 (20°C, Montgomery 1993; Tomlin 1994; Milne 1995)
375 (30°C, Montgomery 1993)

Vapor Pressure (Pa at 25°C or as indicated):

1.12 × 10–3 (Knudsen effusion method, Cook 1973)
1.11 × 10–3 (Caro et al. 1976; Fuhrmann & Lichtenstein 1980) 
8.67 × 10–4 (20°C, Hartley & Graham-Bryce 1980)
2.70 × 10–3 (33°C, Khan 1980)
2.67 × 10–3 (20–25°C, Weber et al. 1980) 
2.70 × 10–4 (Thomas 1982) 
2.20 × 10–3, 1.08 × 10–4 (20°C, GC-RT correlation, GC-RT correlation with mp correction, Kim 1985)
2.70 × 10–3 (33°C, Hartley & Kidd 1987) 
8.00 × 10–5 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
3.10 × 10–5, 7.20 × 10–5 (20, 25°C, Tomlin 1994)
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Henry’s Law Constant (Pa·m3/mol at 25°C):

3.95 × 10–4 (calculated-P/C, Lyman et al. 1982; quoted, Howard 1991)
7.69 × 10–4 (Jury et al. 1984)
9.42 × 10–6 (Jury et al. 1987a, b; Jury & Ghodrati 1989)
5.10 × 10–4 (calculated-P/C, Suntio et al. 1988)
7.69 × 10–4 (calculated-P/C, Taylor & Glotfelty 1988)
< 0.010 (estimated, Mabury & Crosby 1996)
5.04 × 10–5 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

2.32 (Hansch & Leo 1979, 1985)
1.60 (from Dow Chemical data, Kenaga & Goring 1980)
2.88 (Belluck & Felsot 1981)
2.07 (quoted, Karickhoff 1981)
1.60 (calculated, Lyman 1982)
1.82 (RP-HPLC-RT correlation, Trapp & Pussemier 1991)
1.60–2.32 (Montgomery 1993)
1.60 (RP-HPLC-RT correlation, Saito et al. 1993)
2.32 (recommended, Sangster 1993)
1.52 (20°C, Tomlin 1994)
1.23–1.42 (Milne 1995)
2.32 (recommended, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

1.00 (estimated-log KOW, Neely et al. 1974)
1.32 (calculated-S, Kenaga 1980)
0.60 (Triaenodes tardus, Belluck & Felsot 1981)
1.00 (selected, Schnoor & McAvoy 1981;, Schnoor 1992)
1.53 (calculated-log KOW, Lyman et al. 1982; quoted, Howard 1991)
1.18 (calculated-S, Lyman et al. 1982; quoted, Howard 1991)
2.07 (Tilapia nilotica, Tejada & Magallona 1985)
1.00 (Pila luzonica, Tejada & Magallona 1985)
2.07 (paddy field fish, Tejada 1995)

Sorption Partition Coefficient, log KOC: 

2.20 (calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
1.67 (calculated values for 6 samples while high organic carbon >15% were omitted from calculation

by Felsot & Wilson 1980)
1.78–2.20 (3 soils of org. content 0.68–2.01, McCall et al. 1980)
2.02 (average of 3 soils, McCall et al. 1980)
1.46 (soil/sediments, Rao & Davidson 1980)
2.46; 1.51; 1.68 (estimated-S; estimated-S and mp; estimated-KOW, Karickhoff 1981)
2.70 (selected, sediment/water, Schnoor & McAvoy 1981; Schnoor 1992)
2.25 (calculated-S, Lyman 1982)
1.47 (average of 5 different soils, Rao & Davidson 1982)
2.11 (retention times of RP-HPLC-RT correlation, Swann et al. 1983)
2.00 (soil slurry/shake flask method, Swann et al. 1983; quoted, Howard 1991)
1.45 (soil, screening model calculations, Jury et al. 1987a, b; Jury & Ghodrati 1989)
1.73 (calculated-Freund isotherm linearized for 12 samples, Sukop & Cogger 1992) 
0.903 (selected, USDA 1989)
1.34 (soil, 20–25°C, selected, Wauchope et al. 1992; Tomlin 1994; Hornsby et al. 1996)
1.98–2.32 (Montgomery 1993)
1.80, 2.01 (soil, estimated-class specific model, estimated-general model, Gramatica et al. 2000)
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1.63, 1.64 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, average, Delle Site 2001)
1.55 (sediment: organic carbon OC ≥ 0.5%, average, Delle Site 2001)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: initial rate constant k = 1.2 × 10–3 h–1 and a predicted rate constant k = 2.9 × 10–4 h–1 from soil
with t½ = 2390 h (Thomas 1982).

Photolysis: near surface direct sunlight photolysis rate constant k = 0.003 d–1 with t½ ~ 200 d (Schnoor & McAvoy
1981; Schnoor 1992); 
t½ ~ 2, 6, 12 h for degradation in river, lake and seawater, respectively, from Greece which were irradiated

with sunlight (Samanidou et al. 1988; quoted, Howard 1991)
Photodegradation (λ > 290 nm) half-lives in aqueous carbofuran solutions: t½ ~ 50 min with TiO2 (160

mg/L) + O2, t½ ~ 40 min with H2O2 (6 × 10–3 mg/L); t½ ~ 30 min with O3 (10–3 mg/L) and t½ ~ 65 h in
water/oil suspension. (Mansour et al. 1997)

Oxidation: photooxidation t½ = 4.6 h, based on estimated rate constant for the vapor-phase reaction with hydroxyl
radical in air (Atkinson 1987; quoted, Howard et al. 1991)
k(aq.) = (620 ± 60) M–1 s–1 for direct reaction with ozone in water at pH 3.7 and 21°C, with t½ = 54 s at

pH 7 (Yao & Haag 1991). 
k(aq.) = 7 × 109 M–1 s–1 for the reaction with hydroxyl radical in aqueous solutions at 24 ± 1°C (Haag &

Yao 1992); 
kOH(aq.) = 2.20 × 109 M–1 s–1 in irradiated field water both in the laboratory and sunlit rice paddies with

field dissipation t½ = 16.3 h (Mabury & Crosby 1996).
Hydrolysis: aqueous hydrolysis t½ = 5.1 wk at pH 7.0 and at 27°C and t½ = 1.2 h at pH 10 (Seiber et al. 1978;

quoted, Howard 1991);
alkaline chemical hydrolysis rate constant k = 6 × 10–5 M–1·s–1 with t½ > 10,000 d (Schnoor & McAvoy 1981;

Schnoor 1992);
t½ = 690, 8.2, and 1.0 wk in water at 25°C and pH 6.0, 7.0 and 8.0, respectively (Chapman & Cole 1982;

quoted, Howard 1991); 
hydrolysis rate constants: k = (30.6 ± 0.6) L min–1 mol–1 at 15°C, k = (67.0 ± 0.4) L/min·mol at 25°C and

k = (163 ± 1.0) L min–1 mol–1 at 35°C (Trotter et al. 1991); 
t½ = 170 wk at pH 4.5, t½ = 690 wk at pH 5–6, t½ = 8.2 wk at ph 7 and t½ = 1 wk at pH 8.0 at 25°C

(Montgomery 1993); 
t½ > 1 yr at pH 4, t½ = 121 d at pH 7, and t½ = 31 d at pH 9 at 22°C (Tomlin 1994); 
rate constant k = 5.0 × 10–3 M–1 h–1 at 24°C; t½ = 737 h at pH 7.0, t½ = 93.7 h at pH 8.0 and t½ = 1.17 h at

pH 10.0 in aqueous solutions; t½ = 630 d at pH 7, t½ = 133 d at pH 8, and t½ = 0.87 d at pH 10 in aqueous
solutions with montmorillonite suspensions (23.9 g/L); t½ = 937 d at pH 7, t½ = 76.2 d at pH 8, t½ = 0.98
d at pH 10 in aqueous solutions with beidellite suspensions (4.9 g/L); t½ = 889 d at pH 7, t½ = 113 d at
pH 8, t½ = 0.78 d at pH 10 in aqueous solutions with illite suspensions (9.2 g/L); and t½ = 753 d at pH 7,
t½ = 80.6 d at pH 8, t½ = 0.91 d at pH 10 in aqueous solutions with vermiculite suspensions (8.5 g/L)
with an initial carbofuran concentration of 1.0 × 10–4 M (Wei et al. 2001).

Biodegradation: rate constants k = 0.047 d–1 from soil incubation studies and k = 0.026 d–1 in anaerobic system
from flooded soil incubation studies both by die-away test (Rao & Davidson 1980; quoted, Scow 1982); 
t½ = 40 d in 0 to 10 cm depth of soil (Rao & Davidson 1980; quoted, Jury et al. 1983, 1984, 1987a, b;

Jury & Ghodrati 1989)
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ = 4.6 h, based on estimated rate constant for the vapor-phase reaction with photochemically produced
hydroxyl radical in the atmosphere (Atkinson 1987; quoted, Howard 1991). 

Surface water: average t½ = 57 h in rice paddy water, but pH dependent, e.g., t½ = 1.2 h at pH 10 and t½ = 864 h
at pH 7; t½ = 48 and 55 h for two farm ponds (Seiber et al. 1978); 
t½ = 2, 6, 12 h for degradation in river, lake and seawater, respectively, from Greece which were irradiated

with sunlight (Samanidou et al. 1988; quoted, Howard 1991); 
measured rate constant k = (620 ± 60) M–1 s–1 for direct reaction with ozone in water at pH 3.7 and 21°C,

with t½ = 54 s at pH 7 (Yao & Haag 1991).
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Ground water: 
Sediment:
Soil: persistence of less than one month (Wauchope 1978); 

t½ = 11–13 d at pH 6.5, and t½ = 60–75 d for a granular formulation (Ahmad et al. 1979; quoted, Montgomery
1993); 

estimated first-order t½ = 15 d in soil from biodegradation rate constant k = 0.047 d–1 by die-away test from
soil incubation studies and t½ = 26 d from biodegradation rate constant k = 0.026 d–1 in anaerobic system
from flooded soil incubation studies by die-away test (Rao & Davidson 1980; quoted, Scow 1982); 

moderately persistent in soils with t½ = 20–100 d (Willis & McDowell 1982); 
t½ = 1–2 months (Hartley & Kidd 1987; quoted, Montgomery 1993); 
t½ = 40 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989); 
selected field t½ = 50 d (Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996); 
soil t½ = 81 d (Pait et al. 1992); 
t½ = 30 d for soil depth <5 cm, t½ = 60 d for soil depth 5–20 cm and t½ = 120 d for soil depth > 20 cm

(Dowd et al. 1993); 
t½ = 60 d in forest soil (Neary et al. 1993); 
t½ = 42.4 d in loam and t½ = 95.5 d in sand (Behrendt & Brüggemann 1993); 
t½ = 30–60 d in soil (Tomlin 1994)
Disappearance rate constants k = (1.33–5.16) × 10–2 h–1 and k = (0.36–1.13) × 10–2 h–1 in non-sterile soil

suspensions; k = (1.20–5.07) × 10–2 h–1 in sterile soil suspension at 30°C for 5 Spanish soils. Kinetic
profiles in 3 consecutive steps assumed as sorption and fast and slow degradation. Disappearance t½ = 24 h
at 30 and t½ = 5 h at 40°C for all 5 soil suspensions; t½ = 48 h at 30°C and t½ = 12 h at 40°C in Soil 3
(Mora et al. 1996)

First order rate constants for photolytic decline in sandy soil: k = 1.88 × 10–3 h–1 with t½ = 370 h irradiated
in moisture-maintained soil, k = 0.86 × 10–3 h–1 with t½ = 800 h, irradiated in air-dried soil,
k = 1.15 × 10–3 h–1 with t½ = 600 h in dark control moist sandy soil, but not degraded in the dark control
air-dry system. The photolytic k = 7.31 × 10–4 h–1 with t½ = 950 h in moist soil and the contribution of
moisture to irradiated metabolism k = 1.02 × 10–3 h–1 with t½ = 680 h (Graebing & Chib 2004) 

Biota: biochemical t½ = 40 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989); 
t½ = 4 d in wheat/barley (Behrendt & Brüggemann 1993); 
average t½ = 60 d in the forest (USDA 1989; quoted, Neary et al. 1993)
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18.1.1.11 Carbophenothion

Common Name: Carbophenothion
Synonym: Carbofenotion, Acarithion, Akarithion, Trithion, Garrathion, Nephocarb, Dagadip
Chemical Name: S-chlorophenylthio methyl O,O-diethyl phosphorothioate
Uses: insecticide/acaricide
CAS Registry No: 786-19-6
Molecular Formula: C11H16ClO2PS3

Molecular Weight: 342.866
Melting Point (°C): 

colorless liquid (Spencer 1982, Hartley & Kidd 1987, Tomlin 1994)
< 25 (Montgomery 1993)

Boiling Point (°C): 
82 (at 0.01 mmHg, Spencer 1982; Hartley & Kidd 1987; Montgomery 1993; Milne 1995)

Density (g/cm3): 
1.274 (Spencer 1982)
1.271 (20°C, Hartley & Kidd 1987; Montgomery 1993, Milne 1995)

Acid Dissociation Constant, pKa:
Molar Volume (cm3/mol):
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C, F: 1.0

Water Solubility (g/m3 or mg/L at 25°C):

< 2.0 (Martin 1961; Spencer 1982)
0.34 (Gunther et al. 1968; Kenaga 1980b; Kenaga & Goring 1980)
< 40 (Verschueren 1983)
0.63 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
< 1.0 (room temp., Hartley & Kidd 1987, Worthing & Walker 1987)
0.61, 0.63, 0.73 (10, 20, 30°C, Montgomery 1993)
0.34 (selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
40, < 1 (Milne 1995)

Vapor Pressure (Pa at 25°C or as indicated):

0.40 (Menn et al. 1964)
4.13 × 10–5 (20°C, Eichler 1965)
4.07 × 10–5 (20°C, Melnikov 1971)
4.0 × 10–5 (20°C, Hartley & Graham-Bryce 1980)
1.07 (Spencer 1982)
7.73 × 10–5 (20°C, GC-RT correlation, Kim et al. 1984, Kim 1985) 
1.07 × 10–3 (Hartley & Kidd 1987; Montgomery 1993)
1.107 × 10–3 (selected, Augustijn-Beckers et al. 1994, Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol):

0.046 (20°C, Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW:

4.53 (Callahan et al. 1979)
5.12 (shake flask-concn ratio-GC, Bowman & Sans 1983b)
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5.66 (shake flask-GC, De Bruijn et al. 1989)
5.50 (recommended, 1993)
5.33 (recommended, Hansch et al. 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

3.07, 3.63 (calculated-solubility, KOW, Kenaga 1980b)

Sorption Partition Coefficient, log KOC: 

4.66 (Kenaga & Goring 1980)
3.90 (calculated, Kenaga 1980b)
4,98, 4.72, 3.92, 4.48 (Elkhorn sandy loam at pH 6.0, Hugo gravelly sandy loam at pH 5.5, Sweeney sandy clay

loam at pH 6.3 and Tierra clay loam at pH 6.2, Rao & Davidson 1982)
3.56 (calculated-MCI χ, Gerstl & Helling 1987)
3.92–4.98 (Montgomery 1993)
5.10, 4.66, 5,07, 4.76, 5.09, 4.69, 4.90 (mg/L, quoted, Augustijn-Beckers et al. 1994)
4.70 (recommended, soil, Augustijn & Beckers 1994; Hornsby et al. 1996)
4.66 (calculated-MCI 1χ, Sabljic et al. 1995)
4.47, 4.08 (soil, estimated-class-specific model, estimated-general model using molecular descriptors, Gramat-

ica et al. 2000)

Environmental Fate Rate Constants, k, and Half-Lives, t½:

Volatilization:
Photolysis:
Photooxidation:
Hydrolysis:
Biodegradation:
Biotransformation: t½ ≥ 100 d in soil (Verschueren 1983; quoted, Montgomery 1993). 
Bioconcentration and Uptake and Elimination Rate Constants (k1 and k2):

Half-Lives in the Environment:

Soil: t½ ≥ 100 d (Verschueren 1983; quoted, Montgomery 1993); 
field t½ = 30 d (selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996).
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18.1.1.12 Carbosulfan

Common Name: Carbosulfan
Synonym: Marshal, Adventage, Posse, FMC 35001
Chemical Name: 2,3-dihydro-2,2-dimethylbenzofuran-7-yl(dibutylaminothio) methylcarbamate
Uses: insecticide/acarrcide/nematicide
CAS Registry No: 55285-14-8
Molecular Formula: C20H32N2O3S
Molecular Weight: 380.544
Melting Point (°C): 

viscous brown liquid (Hartley & Kidd 1987)
Boiling Point (°C): 

124–128 (Tomlin 1994; Milne 1995)
Density (g/cm3): 

1.056 (20°C, Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
Acid Dissociation Constant, pKa:
Molar Volume (cm3/mol):
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C, F: 1.0

Water Solubility (g/m3 or mg/L at 25°C):

0.30 (Hartley & Kidd 1987; Tomlin 1994)
0.03 (Milne 1995)

Vapor Pressure (Pa at 25°C):

0.041 × 10–3 (Hartley & Kidd 1987, Tomlin 1994)

Henry’s Law Constant (Pa·m3/mol at 25°C):

Octanol/Water Partition Coefficient, log KOW:

3.30 (Tomlin 1994)
2.20 (Milne 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

Sorption Partition Coefficient, log KOC: 

Environmental Fate Rate Constants, k, and Half-Lives. t½:

Volatilization:
Photolysis:
Oxidation:
Hydrolysis: hydrolyzed in aqueous media with t½ < 1 h in pure water at pH 4; t½ = 22 h at pH 6, t½ = 7.6 d at

pH 7, t½ = 14.2 d at pH 8 and t½ > 58.3 d at pH 9 (Haretly & Kidd 1987; Tomlin 1994) 

O

O
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Biodegradation: in soil, rapidly degraded under both aerobic and anaerobic conditions with t½ = 2–3 d (Hartley
& Kidd 1987).

Biotransformation:
Bioconcentration and Uptake and Elimination Rate Constants (k1 and k2):

Half-Lives in the Environment:

Air:
Surface water: hydrolyzed in aqueous media with half-lives at 25°C are, t½ < 1 h in pure water at pH 4; t½ = 22 h

at pH 6, t½ = 7.6 d at pH 7, t½ = 14.2 d at pH 8 and t½ > 58.3 d at pH 9 (Hartley & Kidd 1987; Tomlin 1994)
Ground water:
Sediment:
Soil: rapidly degraded under both aerobic and anaerobic conditions with t½ = 2–3 d (Hartley & Kidd 1987).
Biota:
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18.1.1.13 Chlordane

Common Name: Chlordane
Synonym: A 1068, Aspon-chlordane, Belt, beta-chlordane, CD-68, Chlorindan, Chlor-Kill, Chlortox, Corodane,

Cortilan-neu, Dichlorochlordene, Dowchlor, ENT 9932, ENT 25552, HCS 3260, Kypchlor, M 140, Octachlor,
Octaterr, Orthoklor, Shell SD 5532, Synklor, Tat chlor 4, Topichlor, Toxichlor, Velsicol

Chemical Name: 1,2,4,5,6,7,8,8-octachloro-3a,4,7,7a-tetrahydro-4,7-methano-1H-indane; 1,2,4,5,6,7,8,8-octa-chloro-
3a,4,7,7a-tetrahydro-4,7-methanoindane 

Uses: nonsystemic insecticide with contact, stomach, and respiratory action and also used as fumigant.
CAS Registry No: 57-74-9 (nonstereospecific chlordane); 5103-71-9 (cis- or α-isomer); 5103-74-2 (trans- or β-isomer);

5564-34-7 (γ-isomer); 12789-03-6 (technical grade chlordane)
Molecular Formula: C10H6Cl8

Molecular Weight: 409.779
Melting Point (°C): 

107–108.8 (cis-isomer, Callahan et al. 1979; Howard 1991)
103–105 (trans-isomer, Callahan et al. 1979; Howard 1991)
106–107, 104–105 (cis-isomer, trans-isomer, Hartley & Kidd 1987; Tomlin 1994) 

Boiling Point (°C): 
175 (at 2 mmHg, Roark 1951; Callahan et al. 1979; Howard 1991; Montgomery 1993)
262, 363, 365 (estimated from structure, Tucker et al. 1983)
175 (at 1 mmHg, Hartley & Kidd 1987; Tomlin 1994; Milne 1995)

Density (g/cm3 at 20°C): 
1.59–1.63 (25°C, Worthing & Walker 1987, Worthing & Hance 1991; Tomlin 1994; Milne 1995)
1.59–1.63 (Montgomery 1993)

Molar Volume (cm3/mol): 
340.5 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Vaporization, ∆HV (kJ/mol):

77.22, 80.26, 82.92 (mixture, α-chlordane, β-chlordane, Rordorf 1989)
Enthalpy of Fusion, ∆Hfus (kJ/mol):

28.033 (cis-isomer, DSC method, Plato 1972)
16.45 (trans-isomer, DSC method, Plato 1972)

Entropy of Fusion, ∆Sfus (J/mol K):
56.4 (Passivirta et al. 1999)

Fugacity Ratio at 25°C, F: 
0.162 (assuming ∆Sfus = 56 J/mol K, Mackay et al. 1986)
0.140 (20°C, assuming ∆Sfus = 56 J/mol K, Suntio et al. 1988) 

Water Solubility (g/m3 or mg/L at 25°C and reported temperature dependence equations):

1.850 (generator column-GC/ECD, Weil et al. 1974)
0.056 (shake flask-LSC, Sanborn et al. 1976)
0.056 (Martin & Worthing 1977)
0.10 (Hartley & Kidd 1987; Worthing & Walker 1987, 1991)
0.56 (Agency for Toxic Substances and Disease Registry 1988; quoted, Burmaster et al. 1991)
0.05 (20°C, selected, Suntio et al. 1988)
0.032; 0.009–0.056 (shake flask-LSC; lit. range, Johnson-Logan et al. 1992)
1.83 (selected, Yalkowsky & Banerjee 1992)
0.056 (Montgomery 1993)
0.06 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Cl
Cl

Cl Cl

Cl
Cl

Cl Cl
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0.127 (calculated-group contribution fragmentation method, Kühne et al. 1995)
0.10 (Tomlin 1994; Milne 1995)
0.061, 0.002 (calculated-molar volume, mp and mobile order thermodynamics, Ruelle & Kesselring 1997)
log [SL/(mol/L)] = –0.880 – 1124/(T/K) (liquid, cis-isomer, Passivirta et al. 1999)
log [SL/(mol/L)] = –0.880 – 1118/(T/K) (liquid, trans-isomer, Passivirta et al. 1999)
0.451, 0.402 (cis-chlordane, supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted

value, Shen & Wania 2005)
0.451, 0.615 (trans-chlordane, supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted

value, Shen & Wania 2005)

Vapor Pressure (Pa at 25°C and reported temperature dependence equations):

0.0013 (Martin 1972, Spencer 1973, 1982)
0.0013 (SRI International 1980; Tucker et al. 1983)
0.00227, 1.6 × 10–5, 1.3 × 10–5 (estimated-bp, Tucker et al. 1983)
2.9 × 10–3, 3.86 × 10–3 (cis-, trans-chlordane, 20°C, supercooled liquid PL, Bidleman et al. 1986) 
0.0013 (Hartley & Kidd 1987)
0.0011 (20°C, selected, Suntio et al. 1988)
0.0613, 0.00133 (technical, refined, Worthing & Walker 1987)
0.00293, 0.00040 (cis-isomer, GC-RT correlation, supercooled liquid PL, solid crystal PS, Foreman & Bidleman

1987)
0.00387, 0.00052 (trans-isomer, GC-RT correlation, supercooled liquid PL, solid crystal PS, Foreman & Bidleman

1987)
0.0013 (Agency for Toxic Substances and Disease Registry 1988)
0.027, 0.31, 2.40, 14.0, 69.0 (25, 50, 70, 100, 125°C, chlordane mixture, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 11.968 – 4033.7/(T/K); measured range 70.4–115°C (chlordane mixture, liquid, gas saturation-GC,

Rordorf 1989)
0.0080, 0.011, 0.98, 6.70, 36 (α-chlordane, 25, 50, 70, 100, 125°C, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 12.435 – 4332.5/(T/K); measured range 50.1–135°C (α-chlordane, liquid, gas saturation-GC,

Rordorf 1989)
0.013, 0.16, 1.40, 9.30, 48 (β-chlordane, 25, 50, 70, 100, 125°C, gas saturation-GC, Rordorf 1989)
log (PS/Pa) = 12.318 – 4235.5/(T/K); measured range 50/1–135°C (β-chlordane, liquid, gas saturation-GC,

Rordorf 1989)
log (PL/Pa) = 13.396 – 4803.6/(T/K); measured range 49.5–140°C (gas saturation-GC, Rordorf 1989)
4.5 × 10–3, 5.1 × 10–3, 4.8 × 10–3 (cis-chlordane, GC-RT correlation, supercooled liquid PL, Hinckley et al. 1990)
6.3 × 10–3, 6.9 × 10–3, 6.7 × 10–3 (trans-chlordane, GC-RT correlation, supercooled liquid PL, Hinckley et al. 1990)
log (PL/Pa) = 12.04 – 4284/(T/K) (cis-chlordane, supercooled liquid PL, GC-RT correlation, Hinckley et al. 1990;

quoted, Passivirta et al. 1999)
log (PL/Pa) = 11.95 – 4216/(T/K) (trans-chlordane, supercooled liquid PL, GC-RT correlation, Hinckley et al.

1990)
0.0013 (refined grade, Worthing & Hance 1991; Tomlin 1994)
0.0610 (technical grade, Worthing & Hance 1991)
0.00269, 0.00813 (cis-chlordane, supercooled liquid PL at 20°C, 30°C, calculated from Hinckley et al. 1990;

Cotham & Bidleman 1992)
0.000133 (20°C, Montgomery 1993) 
0.00133 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
4.59 × 10–4 (quoted as mean of cis and trans forms from Howard 1991, Mortimer & Connell 1995)
4.68 × 10–3, 4.15 × 10–3; 6.57 × 10–4 (cis-chlordane, supercooled liquid PL: calculated, GC-RT correlation; con-

verted to solid PS with fugacity ratio F, Passivirta et al. 1999)
6.58 × 10–3, 5.84 × 10–3; 9.66 × 10–4 (trans-chlordane, supercooled liquid PL: calculated, GC-RT correlation;

converted to solid PS with fugacity ratio F, Passivirta et al. 1999)
log (PS/Pa) = 14.99 – 5407/(T/K) (cis-chlordane, solid, Passivirta et al. 1999)
log (PS/Pa) = 14.91 – 5333/(T/K) (trans-chlordane, solid, Passivirta et al. 1999)
0.080, 0.0073 (cis-chlordane, supercooled liquid PL: LDV literature derived value, FAV final adjusted value,

Shen & Wania 2005)
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0.013, 0.010 (trans-chlordane, supercooled liquid PL: LDV literature derived value, FAV final adjusted value,
Shen & Wania 2005)

log (PL/Pa) = – 4238/(T/K) + 12.32 (cis-chlordane, supercooled liquid PL: linear regression, Shen & Wania 2005)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated and reported temperature dependence equations):

2.92–9.5 (Callahan et al. 1979)
4.92 (gas stripping-GC, Warner et al. 1980)
112 (batch stripping, average of cis- and trans- isomers, Atlas et al. 1982)
87.7, 134 (exptl,: α-chlordane, γ-chlordane, Atlas et al. 1982;)
9.12 (Mabey et al. 1982)
3.44 (estimated-group method of Hine & Mookerjee 1975, Tucker et al. 1983)
9.64 (calculated-P/C, Mackay et al. 1986)
0.248 (calculated-P/C, Jury et al. 1990)
4.86 (gas stripping-GC, Warner et al. 1987)
9.02 (20°C, calculated-P/C, Suntio et al. 1988; quoted, Cotham & Bidleman 1991; Majewski & Capel 1995)
9.66 (Ryan et al. 1988)
0.97 (Agency for Toxic Substances and Disease Registry 1988; quoted, Burmaster et al. 1991)
4.91 (technical chlordane, Howard 1991)
8.37 (23°C, γ-chlordane, wetted-wall column-GC/ECD, Fendinger et al. 1989)
5.66, 5.91 (22–24°C, γ-chlordane, fog chamber-GC/ECD, Fendinger et al. 1989)
0.87 (0°C, selected, Cotham & Bidleman 1991)
7.12 (calculated-bond contribution method, Meylan & Howard 1991)
9.02 (20°C), 140, 570 (23°C), 9.64 (25°C) (trans-chlordane, quoted, Iwata et al. 1993)
9.02 (20°C), 89, 420 (23°C), 9.64, 11.2 (25°C) (cis-chlordane, quoted, Iwata et al. 1993)
8.42 (γ-chlorane, wetted-wall column-concn ratio-GC/ECD, Fendinger et al. 1989)
5.45 (γ-chlorane, fog chamber-concn ratio-GC/ECD, Fendinger et al. 1989)
8.11 (calculated-bond contribution, Meylan et al. 1991)
log [H/(Pa m3/mol)] = 12.92 – 3160/(T/K) (cis-chlordane, Passivirta et al. 1999)
log [H/(Pa m3/mol)] = 12.84 – 3098/(T/K) (trans-chlordane, Passivirta et al. 1999)
6.0, 5.7 (cis-chlordane, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)
6.0, 6.8 (trans-chlordane, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW:

2.78 (shake flask-LSC, Sanborn et al. 1976)
6.00 (Veith et al. 1979, 1980; Veith & Kosian 1983)
5.16 (calculated, Kenaga 1980a, b)
3.32 (Rao & Davidson 1980)
5.89 (selected, Dao et al. 1983)
5.54 (CLOGP 1986; Thor 1989; Howard 1991)
2.78, 5.48 (Schnoor et al. 1987)
5.9, 6.1 (cis-, trans-chlordane, Kawano et al. 1988)
6.21 (estimated by QSAR & SPARC, Kollig 1993)
5.16; 2.78. 3.32; 5.08, 6.00 (quoted lit. exptl. values; Sangster 1993)
6.00 (Montgomery 1993; Devillers et al. 1996)
5.08 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
5.80 (LOGSTAR or CLOGP, Sabljic et al. 1995)
5.66, 5.62, 5.44, 6.10, 6.22 (α-, β-, γ-, cis-, trans-chlordane, shake flask/slow stirring-GC, Simpson et al. 1995)
5.08, 5.80, 4.75 (RP-HPLC-RT correlation, ClogP, calculated-S, Finizio et al. 1997)
6.10, 6.20 (cis-chlordane, LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)
6.23, 6.27 (trans-chlordane, LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equation. Additional data 
at other temperatures designated * are compiled at the end of this section:

8.70 (cis-chlordane, calculated-KOW/KAW, Wania & Mackay 1996)
8.50 (trans-chlordane, calculated-KOW/KAW, Wania & Mackay 1996)

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3753

9.027*, 8.916 (cis-chlordane, gas saturation-GC/MS interpolated, measured range 5–25°C, Shoeib & Harner 2002)
log KOA = –8.29 + 5217/(T/K), temp range 5–25°C (cis-chlordane, gas saturation-GC, Shoeib & Harner 2002)
8.967*, 8.872 (trans-chlordane, gas saturation-GC/MS, interpolated, measured range 5–25°C, Shoeib & Harner

2002)
log KOA = –8.03 + 5036/(T/K), temp range 5–25°C (trans-chlordane, gas saturation-GC, Shoeib & Harner 2002)
8.3887*, 8.387  (oxychlordane, gas saturation-GC/MS, interpolated, measured range 5–25°C, Shoeib & Harner

2002)
log KOA = –5.636 + 4179/(T/K), temp range: 5–25°C  (oxychlordane, gas saturation-GC, Shoeib & Harner 2002)
8.91, 8.85 (cis-chlordane, LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)
8.86, 8.85 (trans-chlordane, LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF at 25°C or as indicated:

3.51–3.92; 3.60–3.78; 3.28–3.36; 4.10–4.27 (wet wt. basis 96-h test, eastern oysters; pink shrimp; grass shrimp;
pin fish, Parrish et al. 1976)

4.69 (Oedogonium cardiacum, Sanborn et al. 1976)
3.66 (spot fish, 24-h flow system, trans-chlordane, Schimmel et al. 1976)
3.57–4.23 (96 h exposures of trans-chlordane to whole marine fish, Schimmel et al. 1976)
4.11–4.34 (186-d chronic exposures, trans-chlordane to sheephead minnow, Parrish et al. 1978)
3.85–4.46 (exposures trans-chlordane to 28-d old second generation sheephead minnow, Parrish et al. 1978)
4.58 (fathead minnows, 32-d exposure, Veith et al. 1979, 1980; Veith & Kosian 1983)
4.01 (green algae, Glooschenko et al. 1979)
4.06, 3.92 (fish: flowing water, static ecosystem, Kenaga 1980a, b; Kenaga & Goring 1980)
3.50 (calculated-S, Kenaga 1980a)
–0.523 (average beef fat diet, Kenaga 1980b)
2.08, 4.32 (estimated-S, KOW, Bysshe 1982)
3.68, 3.64 (α-, γ-chlordane, clam fat, 60-d expt., Hartley & Johnson 1983)
4.06–4.58 (fish, Bysshe 1987)
5.04–5.88 (earthworms, Gish & Hughes 1982;)
3.57–4.20 mean 4.20; 3.36–4.34 mean 4.34 (α-chlordane, rainbow trout, 15°C, steady-state BCF on 7- to 96-d

laboratory study in 2 tanks with different water concn, Oliver & Niimi 1985)
33.30–4.18 mean 4.18; 3.26–4.30 mean 4.30 (γ-chlordane, rainbow trout, 15°C, steady-state BCF on 7- to 96-d

laboratory study in 2 tanks with different water concn, Oliver & Niimi 1985)
4.23, 4.26 (α-, γ-chlordane, rainbow trout, steady-state BCF-concentration ratio., Oliver & Niimi 1985)
4.45, 4.20 (α-, γ-chlordane, rainbow trout, kinetic state BCF-ratio of rate const., Oliver & Niimi 1985)
6.15, 4.88 (α-, γ-chlordane, rainbow trout, Lake Ontario field BCF., Oliver & Niimi 1985)
4.58; 4.33, 4.40 (measured for fathead minnow; calculated-KOW for sheepshead minnows, Zaroogian et al. 1985)
4.58; 3.90, 3.92 (measured for fathead minnow; calculated-KOW for pinfish, Zaroogian et al. 1985)
4.58; 4.33, 4.40 (measured for fathead minnow; calculated-KOW for oyster, Zaroogian et al. 1985)
3.70 (oyster, Hawker & Connell 1986)
6.73, 6.99 (total chlordanes, zooplankton, thick-billed murre, Kawano et al. 1986)
3.78, 4.30 (juvenile and adult sheepshead minnow, 28–129 d exposure, Parrish et al. 1978)
6.0–7.0 (zooplankton and Chum salmon, Kawano et al. 1988)
5.57 (Markwell et al. 1989)
3.52, 2.60 (large mouth bass, clams, 106–127 d exposure, NRC 1974)
3.86 (eastern oyster, 10-d exposure, NRC 1974)
3.74 (white sucker and redhorse, Roberts et al. 1977)
2.03, 2.51, 3.0 (frogs, bluegills, goldfish, Verschueren 1983)
6.73, 7.89, 6.99 (total chlordane: zooplankton, Dall’s porpoise, thick-billed murre, Kawano et al. 1986)
4.58 (estimated-S and KOW, Isnard & Lambert 1988)
–2.13 (beef biotransfer factor log Bb, correlated-KOW from Kenaga 1980, Travis & Arms 1988)
–3.43 (milk biotransfer factor log Bm, correlated-KOW from Dorough & Hemken 1973, Travis & Arms

1988)
–1.81 (vegetation, correlated-KOW from Dorough & Pass 1973; Tafuri et al. 1977; Travis & Arms 1988)
3.03 (Hydrilla, Hinman & Klaine 1992)
4.01, 3.50; 2.80 (estimated: fish-based, duckweed-based, Hinman & Klaine 1992)
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3.117, 3.098 (cis-, trans-chlordane, goldfish, Park & Erstfeld 1997)
>4.58, >5.56 (fathead minnow, uptake 32-d: wet wt basis, lipid wt basis, Geyer et al. 2000)
4.38, 5.20 (Daphnia: wet wt basis, lipid wt basis, α-chlordane, Geyer et al. 2000)
4.45, 5.58 (fathead minnow: wet wt basis, lipid wt basis, α-chlordane, Geyer et al. 2000)
5.26, 6.31 (Chum salmon, 91% lipid: wet wt basis, lipid wt basis, α-chlordane, Geyer et al. 2000)
3.04, 3.74 (algae: wet wt basis, dry wt basis, γ-chlordane, Geyer et al. 2000)
3.04, 3.74 (Daphnia: wet wt basis, lipid wt basis, γ-chlordane, Geyer et al. 2000)
4.21, 5.35 (fathead minnow: wet wt basis, lipid wt basis, γ-chlordane, Geyer et al. 2000)
5.04, 6.18 (chum salmon, 9.2% lipid: wet wt basis, lipid wt basis, γ-chlordane, Geyer et al. 2000)
3.68; 3.67 (Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based on quantum

chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC at 25°C or as indicated: 

4.33 (calculated-S as per Kenaga & Goring 1978, Kenaga 1980a, b)
1.58 (screening model calculations, Jury et al. 1987b)
4.64, 4.09 (calculated-KOW as per Kenaga & Goring 1980, Chapman 1989) 
5.50, 5.60 (α-chlordane: field sediment trap material, calculated-KOW, Oliver & Charlton 1984)
5.40, 5.60 (γ-chlordane, field sediment trap material, calculated-KOW, Oliver & Charlton 1984)
4.58 (soil, screening model calculations, Jury et al. 1987b, 1990)
4.39, 4.19 (calculated-KOW and solubility, Howard 1991)
4.77, 4.94 (α-chlordane: quoted, calculated-MCI χ, Meylan et al. 1992)
5.45, 4.40–4.86 (Aldrich humic acid, soil, Johnson-Logan et al. 1992)
5.90 (estimated by QSAR and SPARC, Kollig 1993)
4.85–5.57 (Montgomery 1993)
4.30 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
5.15 (soil, calculated-MCI χ, Sabljic et al. 1995)
4.33, 4.42 (log KP, cis-, trans-chlordane, Park & Erstfeld 1997)
5.15; 5.03 (soil, quoted exptl.; estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: the volatilization t½ ~ 7.3 and 7.9 h for γ- and α- chlordane, respectively, from a model river 1
m deep flowing 1 m/s with a wind velocity of 3 m/s (Lyman et al. 1982, Howard 1991); and t½ ~ 18–26,
3.6–5.2, 14.4–20.6 d from a model environmental pond (2 m deep), river (3 m deep) and lake (5 m deep),
respectively, (Lyman et al. 1982; Howard 1991); t½ ~ 43 h from a model river 1-m deep flowing 1 m/s
based, on the Henry’s law constant of technical chlordane (Lyman et al. 1982, Howard 1991);

measured rate constant k = 0.3 d–1 (Glotfelty et al. 1984; Glotfelty et al. 1989); 
calculated rate constant k = 1.0 d–1 (Glotfelty et al. 1989).
Photolysis:
Oxidation: t½ = 5.2–51.7 h in air, based on estimated photooxidation half-life in air (Atkinson 1987; quoted,

Howard et al. 1991); 
kOH(aq.) = 8 × 108 M–1 s–1 for the reaction (photo-Fenton with reference to lindane) with hydroxyl radical

in aqueous solutions at pH 3.3 and at 24 ± 1°C (Buxton et al. 1988; quoted, Faust & Hoigné 1990; Haag
& Yao 1992)

k(aq.) < 0.04- > 300 M–1 s–1 for direct reaction with ozone in water at pH 6.2–6.4 and 19 ± 2°C, with 2 min >
t½ > 10 d at t pH 7 (Yao & Haag 1991).

k(aq.) = (6–170) × 108 M–1 s–1 for the reaction (photo-Fenton with reference to acetophenone) with hydroxyl
radicals in aqueous solutions at pH 3.3 and at 24 ± 1°C (Haag & Yao 1992).

Hydrolysis: t½ > 4 yr (Callahan et al. 1979); 
first-order t½ > 197000 yr, based on base rate constant k = 4.3 × 10–3 M–1 h–1 at pH 7.0 and 25°C (Ellington

et al. 1987, 1988; quoted, Howard et al. 1991).
t½ = 7.2 × 107 d at pH 7 and t½ = 670 d at pH 12 in natural waters (Capel & Larson 1995)

Biodegradation: aqueous aerobic t½ = 5712–33264 h, based on unacclimated aerobic river die-away test data
(Eichelberger & Lichtenberg 1971; quoted, Howard et al. 1991) and reported soil grab sample data (Castro
& Yoshida 1971; quoted, Howard et al. 1991); 
k = 0.0024 d–1 with a biodegradation t½ = 1214 d under field conditions (Rao & Davidson 1980); 
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aqueous anaerobic t½ = 24–168 h, based on soil and freshwater mud grab sample data for aldrin, dieldrin,
endrin and heptachlor epoxide (Maule et al. 1987; quoted, Howard et al. 1991); 

t½ = 100 d in soil (Jury et al. 1990)
t½(aerobic) = 240 d, t½(anaerobic) = 1 d in natural waters (Capel & Larson 1995)

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k1 = 340 d–1 (α-, γ-chlordane, rainbow trout, Oliver & Niimi 1985)
k2 = 1.92 d–1 (α-chlordane, rainbow trout, Oliver & Niimi 1985)
k2 = 0.021 d–1 (γ-chlordane, rainbow trout, Oliver & Niimi 19850
k2 = 0.0974 d–1 (γ-chlordane from rats, Dearth & Hites 1991)
k2 = 0.1170 d–1 (α-chlordane from rats, Dearth & Hites 1991)

Half-Lives in the Environment:

Air: t½ = 5.2–51.7 h, based on estimated photooxidation half-life in air (Atkinson 1987; quoted, Howard et al.
1991; Mortimer & Connell 1995); 
atmospheric transformation lifetime was estimated to be >1 d (Kelly et al. 1994); 
t½ = in the Great Lake’s atmosphere. 16 ± 5.7 yr at Eagle Harbor, 10 ± 2.3 yr at Sleeping Bear Dunes and

6.8 ± 0.8 yr at Sturgeon Point (Buehler et al. 2004).
Surface water: t½ = 5712–33264 h, based on unacclimated aerobic river die-away test data (Eichelberger &

Lichtenberg 1971; quoted, Howard et al. 1991; Mortimer & Connell 1995) and reported soil grab sample
data (Castro & Yoshida 1971; quoted, Howard et al. 1991; Mortimer & Connell 1995)
measured rate constant k < 0.04- > 300 M–1 s–1 for direct reaction with ozone in water at pH 6.2–6.4 and

19 ± 2°C, with a half-life, 2 min > t½ > 10 d at pH 7 (Yao & Haag 1991)
Biodegradation t½(aerobic) = 240 d, t½(anaerobic) = 1 d; hydrolysis t½ = 7.2 × 107 d at pH 7 and t½ = 670 d

at pH 12 in natural waters (Capel & Larson 1995)
Ground water: t½ = 11424–66528 h, based on estimated aqueous aerobic biodegradation half-life (Howard et al.

1991).
Sediment: t½ = 20000 h (quoted mean value from Howard et al. 1991, Mortimer & Connell 1995).
Soil: t½ ~ 6 yr persistence in soil (Nash & Woolson 1967); 

estimated persistence of 5 yr in soil (Kearney et al. 1969; Edwards 1973; quoted, Morrill et al. 1982; Jury
et al. 1987); 

t½ = 5712–33264 h, based on unacclimated aerobic river die-away test data (Eichelberger & Lichtenberg
1971; quoted, Howard et al. 1991) and reported soil grab sample data (Castro & Yoshida 1971; quoted,
Howard et al. 1991); 

rate constant k = 0.0024 d–1 with a biodegradation t½ = 1214 d under field conditions (Rao & Davidson 1980); 
field t½ = 9 d in fallow soil (Glotfelty 1981; quoted, Nash 1983); 
persistent with t½ > 100 d (Willis & McDowell 1982);
microagroecosystem t½ = 10–13 d in moist fallow soil (Nash 1983); 
t½ ~ 1 yr in soil (Hartley & Kidd 1987; quoted, Montgomery 1993); 
t½ = 3500 d from screening model calculations (Jury et al. 1987b); 
t½ > 50 d when subject to plant uptake via volatilization (Ryan et al. 1988); 
degradation t½ = 100 d in soil (Jury et al. 1990); 
mean t½ = 3.3 yr under field conditions (Howard 1991); 
estimated field t½ ~ 350 d (Augustijn-Beckers et al. 1994; Tomlin 1994; Hornsby et al. 1996); 
t½ = 1–20 yr in soil, t½ = 5015 yr in the environment (Geyer et al. 2000)
t½ = 240 and 7.2 yr for control and sludge-amended Luddington soils, respectively, for cis-chlordane and

t½ = 12.9 and 9.2 yr for control and sludge-amended Luddington soils, respectively, for trans-chlordane
(Meijer et al. 2001).

Biota: t½ = 1 d for daphinds and t½ = 60 d for fish (Callahan et al. 1979; quoted, Wilcock et al. 1993);
elimination t½ ~ 60 d for α-chlordane and t½ = 33 d for γ-chlordane in rainbow trout (Oliver & Niimi 1985); 
biochemical t½ = 3500 d from screening model calculations (Jury et al. 1987b); 
depuration t½ = 7.1 d for γ-chlordane, and t½ = 5.9 d for α-chlordane (rats, Dearth & Hites 1991); 
t½ = 12 d for elimination from T. liliana (Wilcock et al. 1993).
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TABLE 18.1.1.13.1
Reported octanol-air partition coefficients of chlordane at various temperatures

cis-chlordane trans-chlordane oxychlordane

Shoeib & Harner 2002 Shoeib & Harner 2002 Shoeib & Harner 2002

generator column-GC/MS generator column-GC/MS generator column-GC/MS

t/°C log KOA t/°C log KOA t/°C log KOA

5 10.2162 5 10.1292 5 9.4204
10 9.7963 10 9.7568 10 9.0757
15 9.4916 15 9.4375 15 8.9090
20 9.0896 20 9.0500 20 8.6184
25 9.0271 25 8.9671 25 8.3887
25 8.916 25 8.872 25 8.387

log KOA = A + B/(T/K) log KOA = A + B/(T/K) log KOA = A + B/(T/K)
A –8.289 A –8.027 A –5.636
B 5127 B 5036 B 4179

enthalpy of phase change enthalpy of phase change enthalpy of phase change
∆HOA/(kJ mol–1) = 97.5 ∆HOA/(kJ mol–1) = 96.4 ∆HOA/(kJ mol–1) = 80.0

FIGURE 18.1.1.13.1A Logarithm of KOA versus reciprocal temperature for cis-chlordane.

cis -Chlordane: KOA vs. 1/T

8.0

8.5

9.0

9.5

10.0

10.5

11.0

0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038

1/(T/K)

K gol
A

O

Shoeib & Harner 2000
Shoeib & Harner 2002 (interpolated)

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3757

FIGURE 18.1.1.13.1B Logarithm of KOA versus reciprocal temperature for trans-chlordane.

FIGURE 18.1.1.13.1C Logarithm of KOA versus reciprocal temperature for oxychlordane.

trans -Chlordane: KOA vs. 1/T
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18.1.1.14 Chlorfenvinphos

Common Name: Chlorfenvinphos
Synonym: Apachlor, Birlane, Clofenvenfos, GC 4092, Sapecron, SD 7859
Chemical Name: 2-chloro-1-(2,4-dichlorophenyl)vinyl diethyl phosphate; 2-chloro-1-(2,4-dichlorophenyl)ethenyl

diethyl phosphate
Uses: soil application of insecticide to control root flies, root worms and other soil insects in vegetables; foliar application

to control Colorado beetles on potatoes; scale insects and mite eggs on citrus fruit; stem borers and leafhoppers on
rice, maize and sugar cane; and white flies on cotton; aside from control of mosquito larvae, it is also used as
acaricide and animal ectoparasiticide. 

CAS Registry No: 470-90-6 (Z)-isomer, 18708-87-7 (E)-isomer or cis-chlorfenvinphos, 18708-86-6 trans-chlorfenvinphos
Molecular Formula: C12H14Cl3O4P 
Molecular Weight: 359.569
Melting Point (°C):

–19 (Lide 2003)
Boiling Point (°C):

167–170 (at 0.5 mmHg, Hartley & Kidd 1987; Tomlin 1994)
Density (g/cm3 at 20°C): 

1.36 (Hartley & Kidd 1987; Tomlin 1994)
Molar Volume (cm3/mol):

321.4 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Vaporization, ∆HV (kJ/mol):

96.34 (Rordorf 1989)
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

145 (20°C, Melnikov 1971)
145 (Martin & Worthing 1977; Milne 1995)
145 (23°C, Khan 1980)
146 (20°C, Briggs 1981)
124 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
145 (23°C, Hartley & Kidd 1987; Worthing & Walker 1987, 1991; Tomlin 1994)
130 (20°C, selected, Suntio et al. 1988)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations):

0.00053 (20°C, Khan 1980)
2.7 × 10–5 (Verschueren 1983)
0.0010 (Hartley & Kidd 1987; Tomlin 1994)
0.00010 (20°C, selected, Suntio et al. 1988)
8.20 × 10–4, 1.70 × 10–2, 0.22, 2.0, 14.0 (25, 50, 70, 100, 125°C, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 13.794 – 5032.8/(T/K); measured range 36.9–129°C (liquid, gas saturation-GC, Rordorf 1989)
0.00053  (20°C, Worthing & Hance 1991)
8.91 × 10–4; 1.35 × 10–3, 0.0038 (gradient GC method; estimation using modified Watson method: Sugden’s

parachor, McGowan’s parachor, Tsuzuki 2000)

Cl Cl

O
P

O
O

O
Cl
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Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated and reported temperature dependence equations):

0.00028 (20°C, calculated-P/C, Suntio et al. 1988)
0.00029 (calculated-P/C, this work)
0.324 (20°C, selected from literature experimentally measured data, Staudinger & Roberts 2001)
log KAW = 0.173 – 1187/(T/K) (van’t Hoff eq. derived from literature data, Staudinger & Roberts 2001)

Octanol/Water Partition Coefficient, log KOW:

3.23 (shake flask-UV, Lord et al. 1980)
3.10 (20°C, shake flask-GC, Briggs 1981)
3.81 (shake flask-GC, Bowman & Sans 1983)
3.84 (shake flask, Eadsforth & Moser 1983)
3.79 (HPLC-RT correlation method, Eadsforth & Moser 1983)
3.56 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
3.81 (recommended, Sangster 1993)
3.85, 4.22 (Z) isomer, (E) isomer, Tomlin 1994)
3.10 (recommended, Hansch et al. 1995)
3.56 (RP-HPLC-RT correlation, Finizio et al. 1997)

Bioconcentration Factor, log BCF:

1.57 (calculated-S, Kenaga 1980)
2.30 (earthworms, Lord et al. 1980; quoted, Connell & Markwell 1990)

Sorption Partition Coefficient, log KOC: 

2.45 (calculated-S, Kenaga 1980)
2.47 (soil, sorption isotherm, converted from reported log KOM of 2.23, Briggs 1981)
2.77 (soil, calculated-MCI χ and fragment contribution, Meylan et al. 1992)
2.47 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.47; 2.42, 3.04 (soil, cis-chlorfenvinphos, quoted exptl.; estimated-class-specific model, estimated-general

model, Gramatica et al. 2000)
2.47; 2.40, 3.11 (soil, trans-chlorfenvinphos, quoted exptl.; estimated-class-specific model, estimated-general

model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Hydrolysis: at 38°C: t½ > 700 h at pH 1.1 and t½ > 400 h at pH 9.1; t½ = 1.28 h at pH 13 and 20°C (Tomlin 1994).

Half-Lives in the Environment:

Soil: t½ > 24 wk in sterile sandy loam and t½ < 1.0 wk in nonsterile sandy loam; t½ > 24 wk in sterile organic
soil and t½ = 1.0 wk in nonsterile organic soil (Miles et al. 1979).
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18.1.1.15 Chlorpyrifos

Common Name: Chlorpyrifos
Synonym: Brodan, Chlorpyrifos-ethyl, Detmol UA, Dowco 179, Dursban, ENT 27311, Eradex, Killmaster, Lorsban,

NA 2783, OMS 971, Pyrinex
Chemical Name: O,O-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate; O,O-diethyl O-(3,5,6-trichloro-2-pyridinyl)

phosphorothioate
Uses: insecticide used to control insects on a wide variety of crops including fruits, vegetables, ornamentals and trees.
CAS Registry No: 2921-88-2
Molecular Formula: C9H11Cl3NO3PS
Molecular Weight: 350.586
Melting Point (°C): 

42 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol):

298.8 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

25.94 (DSC method, Plato & Glasgow 1969)
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.681 (mp at 42°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.40, 0.47 (23, 25°C, Brust 1966)
2.0 (Spencer 1973; Windholz 1983; Hartley & Kidd 1987; Worthing & Walker 1987, Worthing & Hance

1991; Milne 1995)
1.12 (shake flask-GC, Felsot & Dahm 1979)
0.70. 0.73 (19, 20°C, shake flask-GC, Bowman & Sans 1979)
0.30 (23°C, Kenaga 1980a, b)
0.30 (Dow Chemical Data, Kenaga & Goring 1980)
2.00 (35°C, Khan 1980)
2.00 (20–25°C, Willis & McDowell 1982) 
0.40 (Verschueren 1983)
0.73 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
1.07, 0.42 (generator column, RP-HPLC-RT correlation, Swann et al. 1983)
0.30 (Kanazawa 1989)
0.40 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
1.93 (Racke 1993)
0.73, 1.30 (20°C, 30°C, Montgomery 1993) 
1.40 (Tomlin 1994)
1.18 (quoted lit., Armbrust 2000)
1.61, 1.94 (supercooled liquid SL: literature-derived value LDV, final adjusted value FAV, Muir et al. 2004)

Vapor Pressure (Pa at 25°C at 25°C or as indicated):

0.00145 (20°C, Eichler 1965; Wolfdietrich 1965) 
0.0025 (Brust 1966; Neely & Blau 1977)
0.0037 (Hamaker 1975)
0.00253 (Melnikov 1971)
0.0104 (30°C, NIEHS 1975)
0.0012 (20°C, Hartley & Graham-Bryce 1980)
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0.00088 (20°C, GC-RT correlation without mp correlation, Kim et al. 1984; Kim 1985) 
0.00052 (20°C, GC-RT with mp correction, Kim et al. 1984; Kim 1985) 
0.0025 (Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993)
0.0015 (20°C, selected, Suntio et al. 1988)
0.0067 (supercooled liquid PL, GC-RT correlation method, Hinckley et al. 1990)
0.0022; 0.0040 (liquid PL, GC-RT correlation; quoted lit., Donovan 1996)
0.0023 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.0022 (gradient GC method, Tsuzuki 2000)
2.18 × 10–3; 1.86 × 10–3, 0.00407 (gradient GC method; estimation using modified Watson method: Sugden’s

parachor, McGowan’s parachor, Tsuzuki 2000)
0.0038, 0.0031 (supercooled liquid PL: literature-derived value LDV, final adjusted value FAV, Muir et al. 2004)

Henry’s Law Constant (Pa·m3/mol at 25°C and reported temperature dependence equations):

1.0 (Mackay 1985)
1.75 (20°C, calculated-P/C, Suntio et al. 1988)
0.418 (calculated-P/C, Fendinger & Glotfelty 1990; Fendinger et al. 1990)
7.902 (calculated-P/C, Howard 1991)
4.06 × 10–3 (calculated-bond contribution method LWAPC, Meylan & Howard 1991) 
0.421 (23°C, quoted, Schomburg et al. 1991)
0.421 (calculated-P/C, Montgomery 1993)
0.317, 0.492 (20°C, distilled water, salt water 33.3l, wetted wall column-GC, Rice et al. 1997b)
log KAW = –1187.0/(T/K) + 0.173; temp range 8.3–43.5°C, (distilled water, wetted-wall column-GC, Rice et al.

1997b)
log KAW = –916.0/(T/K) – 0.674; temp range 8.3–43.5°C, (salt water solution, 33.3l NaCl, wetted-wall column-

GC, Rice et al. 1997b)
0.366, 0.366; 0.390 (20°C, microlayer, subsurface natural water of salinity 17l and TOC 0.4–1.0 ppm, from Pt.

Lookout, Chesapeake Bay; estimated value adjusted to salinity, Rice et al. 1997b)
0.341, 0.390; 0.390 (20°C, microlayer, subsurface natural water of salinity 16l and TOC 0.5–0.6 ppm, from

Solomons, Chesapeake Bay; estimated adjusted to salinity, Rice et al. 1997b) 
0.317, 0.341; 0.366 (20°C, microlayer, subsurface natural water of salinity 12l, TOC 0.6 ppm, from Sandy Point,

Chesapeake Bay; estimated value adjusted to salinity, Rice et al. 1997b) 
0.366, 0.414; 487 (20°C, microlayer, subsurface water of salinity 32l, TOC 2.2–46 ppm, ocean water from

Bering/Chukchi Sea; estimated value adjusted to salinity, Rice et al. 1997b)
0.340, 0.414, 0.869 (8.3, 20, 43.5°C, subsurface water from Bering Sea, TOC 2.14 ppm, wetted-wall column-

GC, Rice et al. 1997b)
0.284, 0.356; 0.738 (8.3, 20, 43.5°C, surface microlayer water from Bering Sea, TOC 3.14 ppm, wetted-wall

column-GC, Rice et al. 1997b)
0.337, 0.424, 0.782 (8.3, 20, 43.5°C, subsurface water from Chukchi Sea, TOC 3.3 ppm, wetted-wall column-

GC, Rice et al. 1997b)
0.294, 0.369; 0.750 (8.3, 20, 43.5°C, surface microlayer water from Chukchi Sea, TOC 45.5 ppm, wetted-wall

column-GC, Rice et al. 1997b)
0.224, 0.268, 0.674 (8.3, 20, 43.5°C, melted surface ice from the Arctic Ocean, TOC 48.8 ppm, wetted-wall

column-GC, Rice et al. 1997b)
log KAW = –872/(T/K) – 0.775; temp range 8.3–43.5°C, (ocean water from the Chukchi Sea, wetted-wall column-

GC, Rice et al. 1997b)
log KAW = –633/(T/K) – 1.665; temp range 8.3–43.5°C, (surface microlayer of ocean water from the Chukchi

Sea, wetted-wall column-GC, Rice et al. 1997b)
0.74 (quoted lit., Armbrust 2000)
1.090 (calculated-P/C, this work)
0.472, 0.568 (literature-derived value LDV, final adjusted value FAV, Muir et al. 2004)

Octanol/Water Partition Coefficient, log KOW: 

5.11 (20°C, shake flask-GC, Chiou et al. 1977; Freed et al. 1977, 1979)
4.99 (Kenaga 1980b; Kenaga & Goring 1980)
4.82 (Veith et al. 1979)
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4.67, 4.77 (RP-HPLC correlation, McDuffie 1981)
4.96 (22°C, shake flask-GC, Bowman & Sans 1983b)
5.20 (shake flask-GC, Schimmel et al. 1983)
4.77 (HPLC-RT correlation, De Kock & Lord 1987)
5.14 (HPLC-RT correlation, Liu & Qian 1988)
5.267 (shake flask/slow-stirring method, De Bruijn et al. 1989)
4.70 (Worthing & Hance 1991; Tomlin 1994; Milne 1995)
3.31–5.27 (Montgomery 1993)
4.73 (RP-HPLC, Saito et al. 1993)
3.99 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
4.96 (recommended, Sangster 1993)
5.25 (shake flask-HPLC, Ankley et al. 1994)
5.27 (recommended, Hansch et al. 1995)
4.96 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)
5.11 (literature-derived value LDV, Muir et al. 2004)

Octanol/Air Partition Coefficient, log KOA:

8.75 (final adjusted value FAV, Muir et al. 2004)

Bioconcentration Factor, log BCF: 

2.67 (rainbow trout, Neely & Blau 1977; quoted, McLeese et al. 1976)
2.67 (mosquito fish for 35-d exposure, Veith et al. 1979; Veith & Kosian 1983)
2.65, 2.51 (fish: flowing water, static water; Kenaga 1980b; Kenaga & Goring 1980)
3.09; 3.04 (calculated-S; calculated-KOC, Kenaga 1980a)
–1.70 (average beef fat diet, Kenaga 1980b)
2.67 (mosquito fish for 30-d exposure, Veith et al. 1980)
2.65; 2.38 (quoted exptl., calculated-KOW, Briggs 1981)
3.54 (estimated-regression from log KOW, Lyman et al. 1982)
3.08 (estimated-regression from S, Lyman et al. 1982; quoted, Howard 1991)
3.50 (calculated-KOW, Mackay 1982)
2.67 (mosquito fish, Veith & Kosian 1983)
–3.55 (beef biotransfer factor log Bb, correlated-KOW from Kenaga 1980, Travis & Arms 1988)
–4.73 (milk biotransfer factor log Bm, correlated-KOW from McKellar et al. 1976, Travis & Arms 1988)
2.67; 2.51 (rainbow trout; mosquito fish, wet wt. basis, De Bruijn & Hermens 1991)
4.32 (stickleback, lipid-based lab data, Deneer 1994)
2.68 (Pait et al. 1992)

Sorption Partition Coefficient, log KOC: 

4.13 (soil, quoted from Dow Chemical Data, Kenaga 1980a, b; Kenaga & Goring 1980)
3.93 (calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
3.78 (average of 3 soils, HPLC-RT correlation, McCall et al. 1980)
3.96, 4.87 (estimated-S, calculated-S and mp, Karickhoff 1981)
2.92, 4.43, 4.72 (estimated-KOW, Karickhoff 1981)
4.11 (soil, Thomas 1982; quoted, Nash 1988)
3.79, 4.0 (soil slurry method, RP-HPLC, Swann et al. 1983)
1.61 (av. value calculated from Freundlich coeffs. without Baldwin Lake site data, Corwin & Farmer

1984)
3.35 (calculated-MCI χ, Gerstl & Helling 1987)
3.78 (soil, screening model calculations, Jury et al. 1987b)
3.27 (average of 2 soils, Kanazawa 1989)
3.78 (soil, 20–25°C, selected, Wauchope et al. 1992)
3.77–4.13 (Montgomery 1993)
3.93 (average, Racke 1993)
4.37 (selected, Lohninger 1994) 
3.70 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
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3.46 (sediment, estimated, Paraiba et al. 1999)
3.78 (soil, 20–25°C, recommended, Hornsby et al. 1996)
4.00 (quoted lit., Armbrust 2000)
3.70; 3.83, 3.76 (soil, quoted obs.; estimated-class-specific model, estimated-general model using molecular

descriptors, Gramatica et al. 2000)
3.62, 3.63 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, average, Delle Site 2001)
3.46–4.23 (sediments of San Diego Creek and Bonita Creek, shake flask-GC, Bondarenko & Gan 2004)

Sorption Partition Coefficient, log KOM: 

3.42 (Felsot & Dahm 1979)
3.78 (average of 3 soils, McCall et al. 1980)
3.90 (exptl., Briggs 1981)
3.10–4.31 (Mingelgrin & Gerstl 1983)
4.24 (quoted, Karickhoff 1985; Neely & Blau 1985)
4.50 (best estimate at low sediment concn., Karickhoff 1985)
4.13, 3.74 (selected, estimated, Magee 1991)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: based on Henry’s law constant, t½ ~ 9.0 d for a model river 1 m deep, flowing 1 m/s with a wind
velocity of 3 m/s (Howard 1991); 
initial k = 8.8 × 10–2 h–1 and predicted k = 1.3 × 10–3 h–1 from soil with t½ = 533 h (Thomas 1982); 
t½ = 0.3–3.2 d for disappearance from an inert surface at 25°C (Meikle et al. 1983).

Photolysis: t½(exptl) = 22 d determined under midday summer sunlight in California (Meikle et al. 1983; quoted,
Howard 1991) 
kP = (2.19 ± 0.17) × 10–2 h–1, (2.09 ± 0.17) × 10–2 h–1 at different initial solute concentrations in aqueous

solution at pH 7.0 and 25°C irradiated with a 450-W Hanovia mercury arc lamp. Under various envi-
ronmental conditions, the estimated t½ = 31 d at a depth of 0.001 cm, t½ = 43 d at a depth of 1-m pure
water, t½ = 2.7 yr at 1-m depth river water for midsummer conditions; t½ = 345 d at a depth of 1-m pure
water under midwinter surface conditions, all at pH 2 at 40°N latitude, with average light attenuation
(Dilling et al. 1984; quoted, Howard 1991; Montgomery 1993)

Oxidation: photooxidation t½ = 6.34 h for the vapor phase reaction with OH radical in air (Howard 1991).
Hydrolysis: 

t½ = 53 d at pH 7.4 and 20°C (NIEHS 1975; quoted, Freed et al. 1977, 1979); 
t½ = 120 d at pH 6.1 and t½ = 53 d at pH 7.4 in water and soil at 20°C as per Ruzicka et al. 1967 using

GC-RT correlation for hydrolysis rates determination (Freed et al. 1979; quoted, Montgomery 1993)
k(alkaline) = 0.1 M–1 s–1, k(neutral) = 1 × 10–7 s–1, 10–7–10–9 M in aqueous buffer at 20°C (Harris 1982)
k = (1.08 – 2.0) × 10–3 h–1 corresponding to half-lives of 13–27 d at pH 7 buffer solution and 25°C (Dilling

et al. 1984) 
t½ = 78 d relatively independent of pH 1 to 7 (Macalady & Wolfe 1983; quoted, Howard 1991) 
t½ = 1.5 d in water at pH 8 and 25°C (Worthing & Hance 1991; Tomlin 1994) 

Hydrolytic k(acidic) < 0.008 d–1 in acidic soils with pH ≤ 7.0, corresponding to t½ = 92–341 d and k(alkaline)
= (0.006 – 0.063) d–1 in alkaline soils corresponding to t½ = 11–200 d in abiotic hydrolysis in 37 different
soils with pH 3.8–8.5. (Racke et al. 1996)
k = 0.0009 d–1 at pH 5, k = 0.023 d–1 at pH 7, k = 0.044 d–1 at pH 9; measured hydroxy radical rate constant

for chlorpyrifos 1.3 × 1013 M–1 h–1 (Armbrust 2000).
Biodegradation: 

k = 0.014 d–1 in soil at 28°C (Miles et al. 1979; quoted, Klečka 1985)
k = 0.008–0.025 d–1 in soil at 25°C (Getzin 1981; quoted, Klečka 1985) 
k = (–000945 to –0.00243) h–1 in nonsterile sediment and k = (–0.000562 to –0.00151) h–1 in sterile sediment

by shake-tests at Range Point and also k = (–0.00109 to –0.00231) h–1 in nonsterile water and
k = (–0.00144 to –0.00197) h–1 in sterile water by shake-tests at Range Point (Walker et al. 1988)

t½ = 39–51 d in loamy and clay soils under anaerobic conditions, t½ = 150–200 d in anaerobic pond sediments
(Racke 1993)

k(aerobic) = 9.47 × 10–4 h–1 for exposure analysis (Armbrust 2000).
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Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

elimination t½ = 3.3 d in channel catfish (Barron et al. 1991)
k1 = 7000 ± 2000) L kg–1 d–1 (guppy, lipid-based modeling data, Deneer 1993)
k2 = (0.40 ± 0.11) d–1 (guppy, lipid-based modeling data, Deneer 1993)
k1 = (26 ± 8.0) × 103 L kg–1 d–1 (stickleback, lipid-based lab data, Deneer 1994).
k2 = (1.2 ± 0.4) d–1 (stickleback, lipid-based lab data, Deneer 1994).

Half-Lives in the Environment:

Air: t½ = 6.34 h for the vapor phase reaction with hydroxyl radicals in air (Atkinson 1987; quoted, Howard 1991); 
reaction rate k = 4.77 × 10–4 min–1 in air (Paraiba et al. 1999).

Surface water: based on Henry’s law constant, volatilization t½ ~ 9.0 d for a model river 1-meter deep, flowing
1 m/s with a wind velocity of 3 m/s (Lyman et al. 1982; quoted, Howard 1991); 
half-lives of a 100 mL pesticide-seawater solution containing 10 g of sediment were: t½< 2.0 d, indoor at

25°C with 12-h photo-period white fluorescent light, t½ = 4.6 d, outdoor-light (stoppered, Pyrex flasks
exposed to ambient sunlight with temperature 22–45°C), t½ = 7.1 d, outdoor-dark (foil-covered flasks)
and t½ = 24 d in an estuary (Schimmel et al. 1983; quoted, Montgomery 1993) 

t½ = 120 d in water at pH 6.1, 20°C (quoted, Lartiges & Garrigues 1995); 
reaction rate k = 3.80 × 10–4 min–1 in water (Paraiba et al. 1999).

Ground water:
Sediment: t½ = 24 d in 10 g untreated sediment/100 mL of a pesticide-seawater solution and t½ > 28 d in 10 g

sterile sediment/100 mL of a pesticide-seawater solution (Schimmel et al. 1983)
t½ = 150–200 d in anaerobic pond sediments (Racke 1993)
reaction rate k = 2.85 × 10–5 min–1 in sediment (Paraiba et al. 1999)
First-order degradation k = 0.034 d–1 with t½ = 20.3 d under aerobic conditions, k = 0.003 d–1 with t½ = 223

d under anaerobic conditions in sediment from San Diego Creek, Orange County, CA; first-order
degradation k = 0.029 d–1 with t½ = 23.7 d under aerobic conditions, k = 0.012 d–1 with t½ = 57.6 d under
anaerobic conditions in sediment from Bonita Creek, Orange County, CA (Bondarendo & Gan 2004)

Soil: t½ = 17.0 wk in sterile sandy loam and t½ < 1.0 wk in nonsterile sandy loam; t½ > 24 wk in sterile organic
soil and t½ = 2.5 wk in nonsterile organic soil (Miles et al. 1979); 
t½ = 12 and 24 wk in a silt loam and clay loam, t½ = 24 wk while in sterilized soils; however, temperature

also had noticeable effects on decomposition as t½ = 25, 13, and 6 wk for soil samples incubated at 15,
25, and 35°C, respectively (Getzin 1981a; quoted, Montgomery 1993); 

hydrolysis t½ = 8 d in Sultan silt loam (Getzin 1981b; quoted, Montgomery 1993);
t½ = 80–100 d slowly degraded in soil (Hartley & Kidd 1987; quoted, Montgomery 1993); 
t½ = 63 d from screening model calculations (Jury 1987b); 
persists in soil for 60–120 d (Worthing & Hance 1991); 
Selected field t½ = 30 d (Wauchope et al. 1992; quoted, Dowd et al. 1993; Richards & Baker 1993; Hornsby

et al. 1996); 
t½ = 30 d (Pait et al. 1992); 
Field dissipation t½ = 39–51 d in loamy and clay soils under anaerobic conditions; and aerobic solid

degradation t½ = 5–141 d (Racke 1993)
t½ = of 60–120 d (Tomlin 1994)
Dissipation t½ ≤ 7 d when applied to dry soils or the soil surface (t½ = 7–14 d); and t½ = 30–60 d when

incorporated into the soil profile (Racke et al. 1996)
First order rate constants for photolytic decline in sandy soil: k = 2.91 × 10–3 h–1 with t½ = 240 h irradiated

in moisture-maintained, k = 2.06 × 10–3 h–1 with t½ = 340 h, irradiated in air-dried k = 1.67 × 10–3 h–1

with t½ = 420 h in dark control moist and k = 0.99 × 10–3 h with t½ = 700 h in dark control air-dried
sandy soil from Sauk County, WI. The photolytic k = 8.43 × 10–4 h–1 with t½ = 820 h in moist soil,
k = 1.07 × 10–3 h–1 with t½ = 650 h in dry soil. The contribution of moisture to irradiated metabolism
k = 1.24 × 10–3 h–1 with t½ = 560 h, but for dark control system for k = 6.78 × 10–4 h–1 with t½ = 1020 h
(Graebing & Chib 2004) 

Biota: t½ = 335 h clearance from fish (Neely 1980); 
biochemical t½ = 63 d from screening model calculations (Jury et al. 1987b); 
elimination t½ ~ 3.3 d in channel catfish (Barron et al. 1991)
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18.1.1.16 Chlorpyrifos-methyl

Common Name: Chlorpyrifos-methyl
Synonym: Reldan
Chemical Name: O,O-dimethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate
Uses: insecticide
CAS Registry No: 5598-13-0
Molecular Formula: C7H7Cl3NO3PS
Molecular Weight: 322.534
Melting Point (°C): 

43 (Lide 2003)
Boiling Point (°C): 
Density (g/cm3): 
Acid Dissociation Constant, pKa:
Molar Volume (cm3/mol):
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.666 (mp at 43°C)

Water Solubility (g/m3 or mg/L at 25°C):

4.76 (20°C, shake flask-GC, Chiou et al. 1977)
0.40 (Spencer 1982)
4.0 (Kenaga 1980a, b, Kenaga & Goring 1980)
3.2 (20°C, shake flask, Bowman & Sans 1983b)
4.0 (24°C, Hartley & Kidd 1987; Tomlin 1994)
4.0 (selected, 20–25°C, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C):

5.63 × 10–3 (Spencer 1982, Hartley & Kidd 1987; Tomlin 1994)
5.60 × 10–3 (selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C):

Octanol/Water Partition Coefficient, log KOW:

4.31 (shake flask-GC, Chiou et al. 1977)
4.17 (Kenaga 1980a; Kenaga & Goring 1980)
3.29, 4.30 (Rao & Davidson 1980)
4.30 (shake flask-concn ratio-GC; Bowman & Sans 1983b)
4.31 (recommended, Sangster 1993)
3.99 (HPLC-RT correlation, Sicbaldi & Finizio 1993)
4.24 (Tomlin 1994)
4.31 (recommended, Hansch et al. 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

1.98 (fish, static water, Kenaga & Goring 1980)
2.45, 2.36 (calculated-solubility, KOW, Kenaga 1980b)
1.98 (fish, microcosm conditions, Garten & Trabalka 1983)
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Sorption Partition Coefficient, log KOC: 

3.52 (soil, Kenaga 1980a; Kenaga & Goring 1980)
3.30 (soil, calculated, Kanga 1980b)
3.76 (soil, Sabljic 1987)
3.48 (estimated, soil, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
3.52 (soil, calculated-MCI χ, Sabljic et al. 1995)
3.52; 3.36, 3.49 (soil, estimated-class-specific model, estimated-general model using molecular descriptors,

Gramatica et al. 2000)

Environmental Fate Rate Constant and Half-Lives, t½:

Volatilization:
Photolysis: under goes rapid photodecomposition in UV light (Spencer 1982).
Photooxidation:
Hydrolysis: relatively stable under neutral conditions, but hydrolyzed by acids (pH 4–6) and, more readily by

alkalis (pH 8–10), t½ = 3 d at pH 8 (Tomlin 1994)
Biodegradation:
Biotransformation:
Bioconcentration and Uptake and Elimination Rate Constants (k1 and k2):

Half-Lives in the Environment:

Air:
Surface water: estimated t½ ~ 38 d in buffered water at pH 6 (Spencer 1982); 

relatively stable under neutral conditions, but hydrolyzed by acids (pH 4–6) and, more readily by alkalis
(pH 8–10), t½ = 3 d at pH 8 (Tomlin 1994).

Ground water:
Sediment:
Soil: field t½ = 7 d (Augustjin-Beckers et al. 1994; Hornsby et al. 1996); 

t½ = 1.5 and 33 d depending upon soil type and microbial activity (Tomlin 1994).
Biota:
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18.1.1.17 Crotoxyphos

Common Name: Crotoxyphos
Synonym: Ciodrin, Ciovap, Cyodrin, Cypona EC, Decrotox, Duo-kill, Duravos, ENT 24717, Volfazol
Chemical Name: dimethyl(E)-1-methyl-2-(1-phenyl-ethoxycarbonyl)vinyl phosphate
Uses: insecticide
CAS Registry No: 7700-17-6
Molecular Formula: C14H19O6P
Molecular Weight: 314.271
Melting Point (°C): liquid
Boiling Point (°C):

135 (at 0.03 mmHg, Montgomery 1993)
Density (g/cm3 at 20°C):

1.2 (Spencer 1982) 
1.19 (25°C, Montgomery 1993)

Molar Volume (cm3/mol):
264.1 (calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C):

1000 (Günther et al. 1968)
1000 (Melnikov 1971; Spencer 1973, 1982;)
1000 (Martin & Worthing 1977; Worthing & Walker 1987; Montgomery 1993)

Vapor Pressure (Pa at 25°C or as indicated):

0.0019 (20°C, Khan 1980) 
0.00187, 0.0052, 0.013 (20, 30, 40°C, Spencer 1982)
0.0019 (20°C, Montgomery 1993)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.00063 (20–25°C, calculated-P/C, Montgomery 1993)
0.00060 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

3.00 (Callahan et la. 1979)
2.23 (Kenaga 1980)
3.30 (shake flask, Log P Database, Hansch & Leo 1987)
3.30 (selected, Sangster 1993)
3.30 (selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

1.10 (calculated-S as per Kenaga 1980, this work)

Sorption Partition Coefficient, log KOC:

2.23 (soil, Hamaker & Thompson 1972; Kenaga & Goring 1980) 
2.00, 1.70 (soil, quoted exptl., calculated-MCI χ and fragment contribution, Meylan et al. 1992)
2.23 (Montgomery 1993)
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2.00 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.00; 2.07, 2.59 (soil, quoted obs.; estimated-class-specific model, estimated-general model using molecular

descriptors, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Half-Lives in the Environment:

Surface water: biodegradation t½ = 7.5 d at pH 9 and t½ = 22.5 d at pH 2 from river die-away tests (Konrad &
Chester 1969; quoted, Scow 1982).
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18.1.1.18 Cyhalothrin

Common Name: Cyhalothrin 
Synonym: Grenade, cyhalothrine
Chemical Name: (RS)-α-cyano-3-phenoxybenzyl(Z)-(1RS,3RS)-(2-chloro-3,3,3-trifluoropropanyl)-2,2-dimethylcyclo-

propanecarboxylate
Uses: insecticide
CAS Registry No: 68085-85-8
Molecular Formula: C23H19ClF3NO3

Molecular Weight: 449.850
Melting Point (°C): 

yellow to brown viscous oil (technical, Hartley & Kidd 1987; Tomlin 1994)
Boiling Point (°C): 

187–190/0.2 mmHg (Hartley & Kidd 1987; Tomlin 1994)
Density (g/cm3): 

1.25 (25°C, Hartley & Kidd 1987; Tomlin 1994)
Acid Dissociation Constant, pKa:
Molar Volume (cm3/mol):
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C, F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

< 1.0 (Worthing & Walker 1983)
0.003 (20°C, Hartley & Kidd 1987; Worthing & Walker 1987)
0.004 (20°C, Tomlin 1994)

Vapor Pressure (Pa at 25°C or as indicated):

~ 1.0 × 10–6 (20°C, Hartley & Kidd 1987) 
0.001 × 10–3 (20°C, Tomlin 1994)
1.90 × 10–5 (40°C, Knudsen effusion method, Goodman 1997)
log (P/Pa) = 13.47 – 5723/(T/K) (Antoine eq., measured range 45–85°C, Goodman 1997)
1.51 × 10–5 (PS, GC-RT correlation, Tsuzuki 2001) 

Henry’s Law Constant (Pa·m3/mol):

Octanol/Water Partition Coefficient, log KOW:

6.02 (HPLC-RT correlation, Hu & Leng 1992)
6.80 (20°C, Tomlin 1994)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

Sorption Partition Coefficient, log KOC: 

Environmental Fate Rate Constants, k, and Half-Lives. t½:

Hydrolysis: slowly hydrolysed in sunlight at pH 7–9, more rapidly at pH >9 (Hartley & Kidd 1987; Tomlin 1994).

Half-Lives in the Environment:

Soil: t½ ~ 4–12 wks (Hartley & Kidd 1987; Tomlin 1994)
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18.1.1.19 Lambda-cyhalothrin

Common Name: lambda-cyhalothrin 
Synonym: lambda-cyhalothrin
Chemical Name: equal quantities of (S)-α-cyano-3-phenoxybenzyl(Z)-(1R,3R)-3-(2-chloro-3,3,3-trifluoropropanyl)-

2,2-dimethylcyclopropanecarboxylate and (S)-α-cyano-3-phenoxybenzyl(Z)-(1S,3S)-3-(2-chloro-3,3,3-trifluoropro-
panyl)-2,2-dimethylcyclopropanecarboxylate

Uses: insecticide
CAS Registry No: 91465-08-6
Molecular Formula: C23H19ClF3NO3

Molecular Weight: 449.850
Melting Point (°C):

49.2 (Hartley & Kidd 1987; Tomlin 1994; Lide 2003)
Boiling Point (°C): 
Density (g/cm3): 

1.33 (25°C, Tomlin 1994)
Acid Dissociation Constant, pKa:
Molar Volume (cm3/mol):
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.579 (mp at 49.2°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.005 (20°C, pH 6.5, Hartley & Kidd 1987)
0.005, 0.004 (pH 6.5 in purified water, pH 5.0 in buffered water Tomlin 1994) 

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated *, are compiled at the end of this section):

2.0 × 10–7 (20°C, Hartley & Kidd 1987)
2.0 × 10–7, 2.0 × 10–4 (20, 60°C, Tomlin 1994)
7.80 × 10–6* (40°C, Wollerton & Husband 1988, quoted in Goodman 1997)
19 × 10–6* (40°C, Knudsen effusion method, measured range 40–80°C, Goodman 1997)
1.88 (extrapolated-Antoine eq., Goodman 1997)
log (P/kPa) = 13.47 – 5723/(T/K); temp range 40–80°C (Antoine eq., Knudsen effusion, Goodman 1997)

Henry’s Law Constant (Pa·m3/mol at 25°C):

Octanol/Water Partition Coefficient, log KOW:

7.0 (20°C, Tomlin 1994)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

Sorption Partition Coefficient, log KOC: 
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Environmental Fate Rate Constants, k, and Half-Lives, t½:

Half-Lives in the Environment:

Air:
Surface water:
Ground water:
Sediment: t½ ~ 20 d in water-sediment mixture in sunlight (Tomlin 1994).
Soil: t½ ~ 4–12 wk (Hartley & Kidd 1987; Tomlin 1994)
Biota:

TABLE 18.1.1.19.1
Reported vapor pressures of lambda-cyhalothrin at various temperatures and the coefficients for the vapor
pressure equations

log P = A – B/(T/K) (1) ln P = A – B/(T/K) (1a)
log P = A – B/(C + t/°C) (2) ln P = A – B/(C + t/°C) (2a)
log P = A – B/(C + T/K) (3)
log P = A – B/(T/K) – C·log (T/K) (4)

Wollerton & Husband 1988 Goodman 1997

quoted in Goodman 1997 Knudsen effusion

t/°C P/Pa t/°C P/Pa

40 7.8 × 10–6 40 1.9 × 10–5

50 4.0 × 10–5 50 4.7 × 10–5

60 1.9 × 10–4 60 1.7 × 10–4

70 8.2 × 10–4 70 6.5 × 10–4

80 3.2 × 10–3 80 2.0 × 10–3

eq. 1 P/Pa
A 13.47
B 5723

FIGURE 18.1.1.19.1 Logarithm of vapor pressure versus reciprocal temperature for lambda-cyhalothrin.

lambda-Cyhalothrin: vapor pressure vs. 1/T
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18.1.1.20 Cypermethrin 

Common Name: Cypermethrin
Synonym: Agrothrin, Ambush C, Barricade, CCN 52, Cymbush, Cyperkill, Demon, FMC 30980, Folcord, Imperator,

Kafil Super, Polytrin, Ripcord, Sherpa, Stocade, Toppel
Chemical Name: cyano(3-phenoxyphenyl)methyl 3-(2,2-dichloroethenyl)-2,2-dimethylcyclo-propanecarboxylate; (RS)-

α-cyano-3-phenoxybenzyl(1RS,3RS;1RS,3SR)-3(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-carboxylate 
Uses: nonsystemic insecticide with contact and stomach action to control a wide range of insects in fruits, vegetables,

vines, potatoes, cucurbits, capsicums, cereals, maize, soybeans, cotton, coffee, coca, rice, pecans, ornamentals and
forestry, etc.; also used to control flies in animal houses and mosquitoes, cockroaches, houseflies and other pests
in public health. 

CAS Registry No: 52315-07-8
Molecular Formula: C22H19Cl2NO3

Molecular Weight: 416.297
Melting Point (°C): 

70 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.23 (Tomlin 1994)
1.25 (Milne 1995)

Molar Volume (cm3/mol):
457.7 (calculated-Le Bas method at normal boiling point)
335.7 (calculated-density)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.362 (mp at 70°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.041 (shake flask-GC, Coats & O’Donnell-Jefferey 1979)
0.005–0.01 (Stephenson 1982)
0.010 (20°C, Hartley & Kidd 1987) 
0.01–0.2 (21°C, Worthing & Walker 1987)
0.004 (20–25°C, selected, Wauchope 1989; Wauchope et al. 1992; Hornsby et al. 1996)
0.004 (Montgomery 1993)
0.004 (at pH 7, Tomlin 1994)
0.009 (20°C, selected, Siebers & Mattusch 1996) 

Vapor Pressure (Pa at 25°C or as indicated):

8.7 × 10–7 (Barlow 1978)
4.3 × 10–7 (gas saturation, Grayson et al. 1982)
<1.3 × 10–5 (Spencer 1982)
5.1 × 10–10 (70°C, Hartley & Kidd 1987) 
2.4 × 10–6 (GC-RT correlation, supercooled liquid PL, Hinckley et al. 1990)
1.9 × 10–7 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
1.9 × 10–7 (20°C, extrapolated, Montgomery 1993)
2.3 × 10–7 (20°C, Tomlin 1994)
2.75 × 10–6; 2.4 × 10–6, 1.86 × 10–6, 1.15 × 10–6 (liquid PL, GC-RT correlation; quoted lit. values, Donovan 1996)
2.3 × 10–6 (20°C, selected, Siebers & Mattusch 1996)
3.23 × 10–6 (solid PS, converted from PL by GC-RT correlation, Tsuzuki 2001) 
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Henry’s Law Constant (Pa·m3/mol) at 25°C or as indicated:

0.0199 (20–25°C, calculated-P/C, Montgomery 1993)
0.0194 (20–25°C, calculated-P/C as per Wauchope et al. 1992, Majewski & Capel 1995)
0.080 (selected, Siebers & Mattusch 1996)
0.0195 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

4.47 (shake flask-GC, Coats & O’Donnell-Jefferey 1979)
5.90 (Schimmel et al. 1983)
5.2 ± 0.6 (cis-form, HPLC-RT correlation, Muir et al. 1985)
5.0 ± 0.6 (trans-form, HPLC-RT correlation, Muir et al. 1985)
6.60 (Montgomery 1993)
4.47, 6.0 (quoted, Sangster 1993)
6.60 (Tomlin 1994)
6.60 (Milne 1995)
6.05, 6.05 (α-, β-isomer, Hansch et al. 1995)
5.56, 6.35, 5.60 (RP-HPLC correlation, ClogP, calculated-S, Finizio et al. 1997)
5.62 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)

Bioconcentration Factor, log BCF:

2.99 (activated sludge, Freitag et al. 1984)
3.52, 2.62, 2.99 (algae, golden ide, activated sludge, Freitag et al. 1985)
1.73–2.34 (trans-form on sediment, 24 h BCF for chironomid larvae in water, Muir et al. 1985)
1.63–2.39 (trans-form on sediment, 24 h BCF for chironomid larvae in sediment, Muir et al. 1985)
1.49–2.05 (trans-form on sediment, 24 h BCF for chironomid larvae in sediment/pore water, Muir et al. 1985)
1.53–2.38 (cis-form on sediment, 24 h BCF for chironomid larvae in water, Muir et al. 1985)
1.84–2.59 (cis-form on sediment, 24 h BCF for chironomid larvae in sediment, Muir et al. 1985)
1.68–2.02 (cis-form on sediment, 24 h BCF for chironomid larvae in sediment/pore water, Muir et al. 1985)
2.89 (Oncorhynchus mykiss, Muir et al. 1994; quoted, Devillers et al. 1996)
2.92 (Oncorhynchus mykiss, Muir et al. 1994; quoted, Devillers et al. 1996)

Sorption Partition Coefficient, log KOC: 

2.36 (cis-form, silt, KP on 24% DOC, Muir et al. 1985)
2.57 (cis-form, clay, KP on 56% DOC, Muir et al. 1985)
2.59 (trans-form, silt, KP on 10% DOC, Muir et al. 1985)
5.00 (soil, 20–25°C, estimated, Wauchope et al. 1992; quoted, Lohninger 1994; Hornsby et al. 1996)
4.0–4.53 (Montgomery 1993)
5.54 (sediments, Maund et al. 2002)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Half-Lives in the Environment:

Air:
Surface water: t½ = 5 d in river water (Tomlin 1994).
Ground water:
Sediment:
Soil: estimated field t½ = 30 d (Wauchope et al. 1992; Hornsby et al. 1996).
Biota:
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18.1.1.21 DDD 

Common Name: DDD
Synonym: dichloro diphenyl dichloroethane; p,p′-DDD; Dilene; ENT 4225; ME 1700; NCI-C00475; Rhothane;

p,p′-TDE; TDE; tetrachlorodiphenylethane
Chemical Name: 1,1-dichloro-2,2-bis(4-chlorophenyl)ethane; 1,1′-(2,2-dichloroethylidene)bis[4-chlorobenzene
Uses: degradation product of DDT used as insecticide.
CAS Registry No: 72-54-8 (p,p′-DDD or DDD); 53-10-0 (o,p′-DDD) 
Molecular Formula: C14H10Cl4

Molecular Weight: 321.041
Melting Point (°C):

109.5 (Ballschmiter & Wittlinger 1991; Kühne et al. 1995; Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol): 

312.6 (calculated-LeBas method at normal boiling point)
246.4 (Ruelle & Kesselring 1997; Passivirta et al. 1999)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

30.96 (DSC method, Plato & Glasgow 1969)
27.313 (Ruelle & Kesselring 1997)

Entropy of Fusion, ∆Sfus (J/mol K):
81.17 (Plato & Glasgow 1969; Hinckley et al. 1990)

Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.148 (mp at 109.5°C)

Water Solubility (g/m3 or mg/L at 25°C and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

0.002 (shake flask-LSC, Metcalf et al. 1973)
0.005, 0.015, 0.09* (shake flask-GC with particle sizes: 0.01, 0.05, 5.0 micron, Biggar & Riggs 1974)
0.24 (p, p′-DDD shake flask-GC, o, p′-DDD with particle sizes: 0.05 micron, Biggar & Riggs 1974)
0.060, 0.10, 0.25, 0.315 (shake flask-GC, o, p′-DDD at 15, 25, 35, 45°C with particle sizes: 5.0 micron or less,

Biggar & Riggs 1974)
0.020 (generator column-GC/ECD, Weil et al. 1974)
0.005 (Martin & Worthing 1977)
0.09, 0.10 (quoted, p,p′-, o,p′-DDD, Callahan et al. 1979)
0.004 (shake flask-nephelometry, Hollifield 1979)
0.10 (20°C, selected, o,p′-DDD, Suntio et al. 1988)
0.16 (Agency for Toxic Substances & Disease Registry 1988; quoted, Burmaster et al. 1991) 
0.020 (20–25°C, selected, Hornsby et al. 1996)
0.050; 0.010, 0.0035 (quoted; predicted-molar volume, mp and mobile order thermodynamics, Ruelle &

Kesselring 1997)
log [SL/(mol/L)] = 0.2910 – 1442/(T/K) (liquid, Passivirta et al. 1999)
0.90, 0.738 (p,p′-DDD, supercooled liquid: derivation of literature-derived value LDV, final-adjusted value FAV,

Shen & Wania 2005)

Vapor Pressure (Pa at 25°C and reported temperature dependence equations):

2.52 × 10–4 (30°C, o, p′-DDD, gas saturation-vapor density-GC, Spencer & Cliath 1972; Spencer 1975) 
1.36 × 10–4 (30°C, p, p′-DDD, gas saturation-GC, Spencer & Cliath 1972; Spencer 1975)
1.63 × 10–3, 6.24 × 10–4 (PGC by GC-RT correlation, different stationary phases, Bidleman 1984)
4.34 × 10–4 (supercooled liquid PL, converted from literature PS with ∆Sfus Bidleman 1984)

Cl Cl

Cl Cl
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1.00 × 10–4 (20°C, selected, Suntio et al. 1988)
2.00 × 10–4 (20°C, o,p′-, selected, Suntio et al. 1988)
4.35 × 10–4, 9.84 × 10–4 (supercooled PL, converted from literature PS with different ∆Sfus values, Hinckley et al.

1990) 
1.63 × 10–3, 1.10 × 10–3 (PGC by GC-RT correlation with different reference standards, Hinckley et al. 1990)
log (PL/Pa) = 12.49 – 4622/(T/K) (supercooled liquid, GC-RT correlation, Hinckley et al. 1990; quoted, Passivirta

et al. 1999)
1.33 × 10–4 (20–25°C, estimated, Hornsby et al. 1996)
9.69 × 10–4, 1.13 × 10–4; 9.16 × 10–5 (p,p′-DDD, supercooled liquid PL: calculated, GC-RT correlation ; converted

to solid PS with fugacity ratio F, Passivirta et al. 1999)
log (PS/Pa) = 16.23 – 6062/(T/K) (solid, p,p′-DDD, Passivirta et al. 1999)
0.00097, 0.0023 (p,p′-DDD, supercooled liquid PL: LDV literature derived value, FAV final adjusted value, Shen

& Wania 2005)

Henry’s Law Constant (Pa·m3/mol at 25°C and reported temperature dependence equations):

2.18 (calculated-P/C, Yoshida et al. 1983)
0.27 (Agency for Toxic Substances & Disease Registry 1988; quoted, Burmaster et al. 1991)
0.64 (20°C, calculated-P/C, Suntio et al. 1988; quoted, Majewski & Capel 1995)
9.00 (calculated-P/C, Ballschmiter & Wittlinger 1991)
0.669 (p,p′-DDD, wetted wall column-GC, Altschuh et al. 1999)
log [H/(Pa m3/mol)] = 12.20 – 3168/(T/K) (p,p′-DDD, Passivirta et al. 1999)
0.67, 0.50 (p,p′-DDD, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW: 

5.99 (O’Brien 1975)
6.02 (Ernst 1977)
6.02 (Veith & Morris 1978; Veith et al. 1979)
5.69 (Hansch & Leo 1979)
5.99, 6.08 (p,p′-, o,p′-DDD, Callahan et al. 1979)
6.00 (Kenaga & Goring 1980)
5.19 (RP-HPLC-RT correlation, Chin et al. 1986)
5.00 (RP-HPLC-RT correlation, De Kock & Lord 1987)
6.217 ± 0.031 (p,p′-DDD, shake flask/slow-stirring method, De Bruijn et al. 1989)
6.02 (recommended, Sangster 1993)
4.82 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
6.22 (recommended, Hansch et al. 1995)
4.87 (o,p′-, RP-HPLC-RT correlation, Finizio et al. 1997)
6.02 (p,p′-DDD, calculated, Passivirta et al. 1999)
6.22, 6.33 (p,p′-DDD, LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Octanol/Air Partition Coefficients, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

8.90 (p,p′-DDD, calculated-KOW/KAW, Wania & Mackay 1996)
9.45 (p,p′-DDD, calculated, Finizio et al. 1997)
10.11*, 10.27 (p,p′-DDD, gas saturation-GC/MS, calculated, measured range 5–35°C, Shoeib & Harner 2002)
log KOA = –5.193 + 4610/(T/K), temp range: 5–35°C (p,p′-DDD, gas saturation-GC, Shoeib & Harner 2002)
10.10, 10.03 (p,p′-DDD, LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF:

4.92, 3.92 (Gambusia, Physa, Metcalf et al. 1973) 
3.96 (mussel, Ernst 1977)
4.72 (fathead minnow, Veith et al. 1979)
4.09 (calculated-S, Kenaga 1980)
4.11 (calculated-S or KOW, Kenaga & Goring 1980)
3.30 (Triaenodes tardus, Belluck & Felsot 1981)

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3776 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

4.34, 4.42 (mussel, oyster; calculated-KOW, Zaroogian et al. 1985)
4.68 (oyster, Zaroogian et al. 1985; quoted, Hawker & Connell 1986)
2.85–4.29 (benthic macroinvertebrates, Reich et al. 1986)
4.81 (calculated-S and KOW, Isnard & Lambert 1988)
–1.90 (beef biotransfer factor log Bb, correlated-KOW from Fries et al. 1969, Travis & Arms 1988)
–2.52 (milk biotransfer factor log Bm, correlated-KOW from Fries et al. 1969, Travis & Arms 1988)
0.301 (earthworms, quoted, Menzie et al. 1992)
–0.456, –0.745, –0.602 (earthworms, field/lab. estimated, field leaf litter, calculated-modeled, Menzie et al. 1992)
4.68 (calculated-log KOW as per Mackay 1982, this work)

Sorption Partition Coefficient, log KOC: 

4.91 (calculated-S, Kenaga 1980)
4.63 (calculated-S or KOW, Kenaga & Goring 1980;)
5.86 (calculated-S, Mill et al. 1980; quoted, Adams 1987)
5.89 (estimated-QSAR & SPARC, Kollig 1993)
5.00 (20–25°C, estimated, Hornsby et al. 1996)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: aquatic half-life of a few days to about a month (summarized data, Callahan et al. 1979).
Photolysis: aquatic t½ > 150 d (summarized data, Callahan et al. 1979).
Oxidation: aquatic t½ ~ 22 yr (summarized data, Callahan et al. 1979); 

photooxidation t½ = 13.3–133 h in air, based on estimated rate constant for reaction with hydroxyl radical
in air (Atkinson 1987; quoted, Howard et al. 1991).

Hydrolysis: 
t½ ~ 570 d at pH 9 and t½ = 190 yr at pH 5 (summarized data, Callahan et al. 1979); 
t½ = 28 yr at pH 7 and 25°C, calculated from measured neutral and base catalyzed hydrolysis constants of

(2.8 ± 0.9) × 10–6 h–1 and 5.2 M–1 h–1 (Ellington et al. 1987, 1988, 1989; quoted, Howard et al. 1991); 
rate constant k = 2.5 × 10–2 yr–1 at pH 7 and 25°C (Kollig 1993).

Biodegradation: aqueous aerobic t½ = 2–15.6 yr, based on observed rates of biodegradation of DDT in aerobic
soils under field conditions (Lichtenstein & Schultz 1959; Stewart & Chisholm 1971; quoted, Howard et
al. 1991); aqueous anaerobic t½ = 70–294 d, based on anaerobic flooded soil die-away study data for two
flooded soils (Castro & Yoshida 1971; quoted, Howard et al. 1991).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k1 = 52.9 h–1; k2 = 0.0058 h–1 (mussel, Ernst 1977; quoted, Hawker & Connell 1986)

Half-Lives in the Environment:

Air: t½ = 17.7–177 h, based on estimated photooxidation half-life in air (Howard et al. 1991).
Surface water: t½ = 2–15.6 yr, based on observed rates of biodegradation of DDT in aerobic soils under field

conditions (Lichtenstein & Schultz 1959; Stewart & Chisholm 1971; quoted, Howard et al. 1991)
dehydrochlorination rate constant k = 5.0 × 10–2 h–1 with t½ = 13.9 h for 1.0 ppm p,p′-DDD and

k = 0.76 × 10–2 h–1 with t½ = 96.3 h for o,p′-DDD both at 21 ± 2°C and pH 12.8 (in 0.1 N NaOH solution)
(Choi & Chen 1976)

estimated t½ = 45 d for surface waters in case of a first order reduction process may be assumed (Zoeteman
et al. 1980)

Ground water: t½ = 1680–270,000 h, based on anaerobic flooded soil die-away study data for two flooded soils
(Castro & Yoshida 1971; quoted, Howard et al. 1991) and observed rates of biodegradation of DDT in
aerobic soils under field conditions (Lichtenstein & Schultz 1959; Stewart & Chisholm 1971; quoted, Howard
et al. 1991).

Sediment:
Soil: t½ = 2–15.6 yr, based on observed rates of biodegradation of DDT in aerobic soils under field conditions

(Lichtenstein & Schultz 1959; Stewart & Chisholm 1971; quoted, Howard et al. 1991); 
estimated field t½ ~ 1000 d (20–25°C, Hornsby et al. 1996).
Biota: t½ = 119 h in mussel (Ernst 1977).
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TABLE 18.1.1.21.1
Reported aqueous solubilities and octanol-air partition coefficients of DDD at various temperatures

Aqueous solubility log KOA

p,p’-DDD o,p-DDD  p,p’-DDD

Biggar & Riggs 1974 Biggar & Riggs 1974 Shoeib & Harner 2002

shake flask-GC shake flask-GC generator column-GC/MS

t/°C S/g·m–3 S/g·m–3 S/g·m–3 t/°C S/g·m–3 t/°C log KOA

particle size 0.01µ 0.05µ 5.0µ particle size 5.0µ
15 – – 0.050 15 0.060 5 11.287
25 0.005 0.015 0.090 25 0.100 15 11.238
35 – – 0.150 35 0.280 20 10.286
45 – – 0.240 45 0.315 25 10.110

35 9.870

log KOA = A + B/(T/K)
A –5.193
B 4610

enthalpy of phase change
∆HOA/(kJ mol–1) = 80.1

FIGURE 18.1.1.21.1A Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for p,p′-DDD.

p,p' -DDD: solubility vs. 1/T
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FIGURE 18.1.1.21.1B Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for o,p′-DDD.

FIGURE 18.1.1.21.2 Logarithm of KOA versus reciprocal temperature for p,p′-DDD.

o,p' -DDD: solubility vs. 1/T

-24.0

-23.0

-22.0

-21.0

-20.0

-19.0

-18.0

-17.0

-16.0

0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036

1/(T/K)

x nl

Biggar & Riggs 1974 (5.0 µ particle size)

p,p' -DDD: KOA vs. 1/T

9.0

9.5

10.0

10.5

11.0

11.5

12.0

0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038

1/(T/K)

K gol
A

O

Shoeib & Harner 2000

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3779

18.1.1.22 DDE 

Common Name: DDE (p,p′-DDE; o,p′-DDE)
Synonym: 4,4′-DDE, DDE; 2,4-DDE
Chemical Name: 1,1-dichloro-2,2-bis(p-chlorophenyl)-ethylene
CAS Registry No: 72-55-9 (p,p′-DDE); 3424-82-6 (o,p-DDE)
Molecular Formula: C14H8Cl4

Molecular Weight: 319.0
Melting Point (°C): 

89 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol):

305.2 (calculated-Le Bas method at normal boiling point)
243.1 (Ruelle & Kesselring 1997; Passivirta et al. 1999)

Enthalpy of Fusion, ∆Hfus (kJ/mol): 
30.543 (o,p′-DDE, DSC method, Plato & Glasgow 1969)
24.267 (p,p′-DDE, DSC method, Plato & Glasgow 1969)

Entropy of fusion, ∆Sfus (J/mol K):
67.0 (Hinckley et al. 1990; Passivirta et al. 1999)

Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.236 (mp at 89°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated and reported temperature dependence equations. Additional 
data at other temperatures designated * are compiled at the end of this section):

p,p′-DDE
0.0013 (shake flask-LSC, Metcalf et al. 1973, 1975)
0.12* (shake flask-GC for particles 5µ - or less, measured range 15–45°C, Biggar & Riggs 1974)
0.014 (generator column-GC/ECD, Weil et al. 1974)
0.040 (20°C, shake flask-GC, Chiou et al. 1977; Freed et al. 1977)
0.065 (shake flask-nephelometry, Hollifield 1979)
0.0079 (Kenaga & Goring 1980)
0.0017 (30°C, semimicro gas-saturation method, Westcott et al. 1981) 
0.0011, 0.006 (generator column-GC, HPLC-RT correlation, Swann et al. 1983)
log [SL/(mol/L)] = 0.173 – 1263/(T/K) (liquid, Passivirta et al. 1999)
0.00012 ± 0.00010  (mean literature value-basic statistics for uncensored original data, Pontolillo & Eganhouse 2001)
0.258, 0.252 (supercooled liquid: derivation of literature-derived value LDV, final-adjusted value FAV, Shen &

Wania 2005)
o,p-DDE

0.140 (shake flask-GC for particles 5 - or less, Biggar & Riggs 1974)
0.0013 (Zepp et al. 1978)
0.10 (selected, Suntio et al. 1988; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations):

p,p′-DDE
8.65 × 10–4 (30°C, gas saturation-vapor density-GC, Spencer & Cliath 1972)
9.87 × 10–4 (GC-RT correlation, Westcott & Bidleman 1981)
1.73 × 10–4 (30°C, gas saturation-GC, Westcott et al. 1981)
8.66 × 10–4 (selected, Yoshida et al. 1983)
2.70 × 10–3, 2.09 × 10–3 (PGC by GC-RT correlation, different stationary phases, Bidleman 1984)
2.55 × 10–3 (supercooled liquid PL, converted from literature PS with ∆Sfus Bidleman 1984)

ClCl

Cl Cl
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1.73 × 10–3 (20°C, supercooled liquid value, Bidleman et al. 1986)
7.50 × 10–5 (10°C, estimated, McLachlin et al. 1990)
0.00225, 0.00334 (supercooled liquid values, GC-RT correlation, Hinckley et al. 1990)
2.33 × 10–3, 3.34 × 10–3 (supercooled PL, converted from literature PS with different ∆Sfus values, Hinckley et al.

1990) 
2.58 × 10–3, 1.87 × 10–3 (PGC by GC-RT correlation with different reference standards, Hinckley et al. 1990)
log (PL/Pa) = 12.79 – 4554/(T/K) (supercooled liquid, GC-RT correlation, Hinckley et al. 1990)
5.13 × 10–4, 1.82 × 10–3 (supercooled liquid values at 10°C, 20°C, Cotham & Bidleman 1992)
4.36 × 10–3 (supercooled liquid value, quoted, Majewski & Capel 1995)
2.27 × 10–3, 2.78 × 10–3; 5.45 × 10–4 (supercooled liquid PL: calculated; GC-RT correlation; converted to solid

PS with fugacity ratio F, Passivirta et al. 1999)
log (PS/Pa) = 16.29 – 5816/(T/K) (solid, Passivirta et al. 1999)
0.0033, 0.0034 (supercooled liquid PL: LDV literature derived value, FAV final adjusted value, Shen & Wania

2005)
o,p-DDE

8.21 × 10–4 (30°C, gas saturation-vapor density-GC, Spencer & Cliath 1972)
8.27 × 10–4 (Callahan et al. 1979, Mabey et al. 1982)
8.67 × 10–4 (isomer unspecified, estimated, Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated and reported temperature dependence equations):

27.4 (Levins 1981; quoted, Tucker et al. 1983)
0.78 (estimated-group method per Hine & Mookerjee 1975)
6.89 (calculated-P/C, Mabey et al. 1982)
124 (gas stripping-GC, Atlas et al. 1982)
19.59 (calculated-P/C, Yoshida et al. 1983)
7.95 (calculated-P/C, Suntio et al. 1988)
1.25 (10°C, calculated-P/C, McLachlin et al. 1990)
34.0 (calculated-P/C, Ballschmiter & Wittlinger 1991)
120, 370 (23°C), 7.95 (20°C) (quoted, Iwata et al. 1993)
7.95 (20–25°C, calculated-P/C, Majewski & Capel 1995)
4.214 (p,p′-DDE, wetted wall column-GC, Altschuh et al. 1999)
log (H/(Pa m3/mol)) = 12.62 – 3291/(T/K) (p,p′-DDE, Passivirta et al. 1999)
4.2, 4.2 (p,p-DDE, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW: 

5.80 (o,p-DDE, O’Brien 1975)
4.28 (correlated, Metcalf et al. 1975)
5.69 (p,p′-DDE, O’Brien 1975)
5.83 (p,p′-DDE, HPLC-RT correlation, Veith et al. 1979a)
5.69 (HPLC-RT correlation, Veith et al. 1979b)
5.77 (Kenaga & Goring 1980)
5.89 (HPLC-RT correlation, McDuffie 1981)
5.63 (RP-HPLC-RT correlation, Swann et al. 1983)
5.89 (estimated-HPLC/MS correlation, Burkhard et al. 1985)
6.51 (HPLC-RT correlation, Webster et al. 1985)
6.29 (RP-HPLC correlation, Chin et al. 1986)
6.09 (RP-HPLC correlation, De Kock & Lord 1987)
6.956 ± 0.011 (p,p′-DDE, shake flask/slow stirring method, De Bruijn et al. 1989; received highest ranking from

Pontolillo & Eganhouse 2001)
6.51 (recommended, Sangster 1993)
5.78 (RP-HPLC correlation, Sicbaldi & Finizio 1993)
6.96 (recommended, Hansch et al. 1995)
5.43 (o,p′-, RP-HPLC correlation, Finizio et al. 1997) 
6.65 (mean literature value-basic statistics for uncensored original data, Pontolillo & Eganhouse 2001)
6.96, 6.93 (p,p′-DDE, LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)
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Octanol/Air Partition coefficient, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

8.40 (p,p′-DDE, calculated-KOW/KAW, Wania & Mackay 1996)
9.45 (p,p′-DDE, calculated, Finizio et al. 1997)
9.53*, 9.676 (p,p′-DDE, gas saturation-GC/MS, calculated, measured range 5–35°C, Shoeib & Harner 2002)
log KOA = –7.49 + 5116/(T/K); temp range: 5–35°C (p,p′-DDE, gas saturation-GC, Shoeib & Harner 2002)
9.69, 9.70 (LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF:

4.44, 4.29 (Gambusia, Physa, Metcalf et al. 1973) 
4.05, 4.56, 4.77, 4.08 (alga, snail, mosquito, fish, Metcalf et al. 1975)
4.71 (fathead minnows, 32-d exposure, Veith et al. 1979; Veith & Kosian 1983)
3.80 (calculated-S or KOW, Kenaga & Goring 1980) 
4.71, 4.37 (quoted exptl, calculated-KOW, Mackay 1982)
5.95 (microorganism-water: calculated-KOW, Mabey et al. 1982)
3.34–4.00 mean 4.00; 4.26–4.15 mean 4.15 (p,p′-DDE, rainbow trout, 15°C, steady-state BCF on 7- to 96-d

laboratory study in 2 tanks with different water concn, Oliver & Niimi 1985)
4.91, 4.08; 7.25 (p,p′-DDE, rainbow trout: kinetic BCF, steady-state BCF, Lake Ontario field BCF, Oliver &

Niimi 1985)
3.70–5.32 (p,p′-DDE, benthic macroinvertebrates, Reich et al. 1986)
3.70–5.32 (o,p′-DDE, benthic macroinvertebrates, Reich et al. 1986)
4.13 (azalea leaves, Bacci & Gaggi 1987)
6.01 (p,p-DDE, Connell et al. 1988) 
7.48 (Azalea leaves, Bacci et al. 1990)
1.025; –0.824; –0.602 (earthworms: quoted; field/lab. estimated; calculated-modeled, Menzie et al. 1992)
4.95, 6.05 (rainbow trout: wet wt basis, lipid wt basis, p,p′-DDE, Geyer et al. 2000)
>4.78, >5.76(fathead minnow, 32-d uptake: wet wt basis, lipid wt basis, p,p′-DDE, Geyer et al. 2000)

Bioaccumulation Factor, log BAF:

8.35 (rainbow trout, Thomann 1989)

Sorption Partition Coefficient, log KOC: 

4.48 (calculated-S or KOW, Kenaga & Goring 1980;) 
6.64 (sediment, calculated-KOW, Mabey et al. 1982)
4.70, 5.17 (quoted, calculated-MCI χ, Sabljic 1984)
6.00, 5.30 (p,p′-DDE, field data of sediment trap material, calculated-KOW, Oliver & Charlton 1984)
3.70 (soil, estimated, Hornsby et al. 1996)
4.82 (av. lit. value, Gerstl 1990)
4.82 (p,p′-DDE, soil, calculated- MCI χ, Sabljic et al. 1995)
4.85 (p,p′-DDE, soil, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: midday t½ = 5 h in hydrocarbon media (Zepp et al. 1976)

t½ = 1.5 d under sunlight in water (Mansour & Feicht 1994).
Oxidation:
Hydrolysis: the first-order rate constant k = 1.4 × 10–9 M–1 s–1 and the hydrolytic t½ > 120 yr in water at 27°C

(Wolfe et al. 1977); 
hydrolytic t½ = 120 yr at pH 7 and 25°C of 120 yr and a rate constant k = 6.6 × 10–7 h–1 (Callahan et al.

1979, Mabey et al. 1982).
Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k1 = 170.0 d–1; k2 = 0.021 d–1 (p,p′-DDE, rainbow trout, Oliver & Niimi 1985)
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k2 = 0.950 yr–1 (Larus argentatus, Norstrom et al. 1986)
k1 = 20800 d–1; k2 = 0.020 d–1 (Oligochaetes, Connell et al. 1988)
k2 = 0.0004 h–1 (azalea leaves, Paterson et al. 1991)
k2 = 0.0030 h–1 (midge C. riparius, water only system, Lydy et al. 1992)
k2 = 0.0046 h–1 (midge C. riparius, screened, Lydy et al. 1992)
k2 = 0.0080 h–1 (midge C. riparius, 3% organic carbon, Lydy et al. 1992)
k2 = 0.0046 h–1 (midge C. riparius, 15% organic carbon, Lydy et al. 1992)

Half-Lives in the Environment:

Air: atmospheric transformation lifetime was estimated to be < 1 d (Kelly et al. 1994).
Surface water: midday t½ = 5 h in hydrocarbon media (Zepp et al. 1976)

hydrolytic t½ > 120 yr in water at 27°C (Wolfe et al. 1977); 
estimated t½ = 690 d in surface waters in case of first order reduction process, and estimated t½ > 300 d in

lakes in the Netherlands (Zoeteman et al. 1980);
photolysis t½ = 1.5 d under sunlight in water (Mansour & Feicht 1994).

Ground water:
Sediment:
Soil: field t½ = 1000 d (estimated, Hornsby et al. 1996); 

t½ > 20 yr, very persistent (Geyer et al. 2000)
t½ = 40.9 and 17.2 yr for control and sludge-amended Luddington soils, respectively (Meijer et al. 2001).

Biota: elimination t½ = 340 d (p,p′-DDE, rainbow trout, Oliver & Niimi 1985); 
t½ = 264 d in herring gulls compared to literature average t½ = 300 d for birds (Norstrom et al. 1986);
elimination t½ = 2230 h (Azalea leaves, Bacci & Gaggi 1987); 
t½ = 231 h in the midge (Chironomus riparius) under varying sediment conditions (water only system with

no sediment), t½ = 150 h (midge screened from the sediment), t½ = 87 h (midge screened from 3% organic
carbon sediment), t½ = 99 h (midge screened from 3% organic carbon sediment) (Lydy et al. 1992).

TABLE 18.1.1.22.1
Reported aqueous solubilities of DDE at various temperatures

p,p’-DDE o,p’-DDE

Biggar & Riggs 1974 Biggar & Riggs 1974

shake flask-GC shake flask-GC

t/°C S/g·m–3 S/g·m–3 S/g·m–3 t/°C S/g·m–3 S/g·m–3 S/g·m–3

particle size 0.01µ 0.05µ 5.0µ particle size 0.01µ 0.05µ 5.0µ
15 0.055 15
25 0.010 0.040 0.120 25 0.015 0.040 0.140
35 0.235 35
45 0.450 45
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FIGURE 18.1.1.22.1A Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for p,p′-DDE.

FIGURE 18.1.1.22.1B Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for o,p′-DDE.
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TABLE 18.1.1.22.2
Reported octanol-air partition coefficient of p,p’-DDE at various
temperatures

Shoeib & Harner 2002

generator column-GC/MS

t/°C log KOA

5 10.905
15 10.361
20 9.906
25 9.530
35 9.196

log KOA = A + B/(T/K)
A –7.492
B 5116

enthalpy of phase change
∆HOA/(kJ mol–1) = 98.0

FIGURE 18.1.1.22.2 Logarithm of KOA versus reciprocal temperature for p,p′-DDE.
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18.1.1.23 DDT

Common Name: DDT
Synonym: Agritan, Anofex, Arkotine, Azotox, Bosan supra, Bovidermol, Cesarex, chlorophenoethane, Chlorophenotha-

num, Chlorophenotoxum, Citox, Clofenotan, Dedelo, Deoval, Devol, Detox, Detoxan, Dibovan, Dichophane, dichlo-
rodiphenyltrichloroethane, Didigam, Didimac, Dodat, Dykol, ENT 1506, Estonate, Genitox, Gesafid, Gesapon,
Gesarex, Gesarol, Guesarol, Gyron, Havero-extra, Ivoran, Ixodex, Kopsol, Mutoxin, Neocid, Parachlorocidum,
PEBI, Pentachlorin, Pentech, p,p′-DDT, 4,4′-DDT, Rukseam, Santobane, Zeidane, Zerdane

Chemical Name: 1,1,1-trichloro-2,2-bis-(4-chlorophenyl)-ethane; 1,1′-(2,2,2-trichloroethylidene)-bis(4-chlorobenzene)
Uses: persistent nonsystemic insecticide with contact and stomach action to control mosquitoes for the eradication of

malaria but is now prohibited and displaced with less persistent insecticides on crop application.
CAS Registry No: 50-29-3 (p,p′-DDT, DDT), 789-02-6 (o,p′-DDT)
Molecular Formula: C14H9Cl5

Molecular Weight: 354.486
Melting Point (°C): 

108.5 (Lide 2003)
Boiling Point (°C): 

260 (Lide 2003)
Density (g/cm3 at 20°C): 

1.55 (Hadaway et al. 1970; Kenaga 1972)
Molar Volume (cm3/mol):

250 (calculated-density, Chiou 1985)
333.5 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

27.196 (o,p′-DDT, DSC method, Plato & Glasgow 1969)
26.36 (p,p′-DDT, DSC method, Plato & Glasgow 1969)
26.284 (Ruelle & Kesselring 1997)

Entropy of Fusion, ∆Sfus (J/mol K): 
69.036 (Plato & Glasgow 1969)
70.29 (Hinckley et al. 1990)
72.8 (p,p′-DDT, Passivirta et al. 1999)

Fugacity Ratio at 25°C, F: 
0.147 (assuming ∆Sfus = 56 J/mol K., Mackay et al. 1986)
0.130 (20°C, assuming ∆Sfus = 56 J/mol K, Suntio et al. 1988)

Water Solubility (g/m3 or mg/L at 25°C or as indicated and reported temperature dependence equations. Additional 
data at other temperatures designated * are compiled at the end of this section):

0.0002–0.001(15°C, shake flask-bioassay, Richards & Cutkomp 1946)
0.0374 (shake flask-radiometric method, measured range 2–37.5°C, Babers 1955)
≤ 0.0012 (shake flask-radiometric method, Bowman et al. 1960)
0.035 (shake flask-colorimetric, Lipke & Kearns 1960)
0.0012 (Stephen & Stephen 1963)
0.0016 (99% pure DDT isomers plus DDE at rm. temp., shake flask-GC, Robeck et al. 1965) 
0.0034 (Biggar et al. 1966)
0.0017 (ultracentrifugation-GC, Biggar et al. 1967)
0.0012–0.0374 (Günther et al. 1968)
0.0017*, 0.006*, 0.025* (shake flask-GC, p,p′-DDT, particle size: 0.01, 0.05, 5.0µ, Biggar & Riggs 1974)

ClCl

Cl Cl

Cl

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3786 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

0.004, 0.012, 0.085* (shake flask-GC, o,p′-DDT, particle size: 0.01, 0.05, 5.0µ size or less, Biggar & Riggs 1974)
0.0055 (generator column-GC/ECD, Weil et al. 1974)
0.0017 (Martin & Worthing 1977)
0.0010 (shake flask-GC, Paris et al. 1977)
0.004 (shake flask-nephelometry, Hollifield 1979)
0.0012 (Hartley & Graham-Bryce 1980)
0.040 (shake flask-HPLC, Ellgehausen et al. 1981)
0.0645 (shake flask-GC, Chiou et al. 1982)
0.0023 (generator column-GC, Swann et al. 1983)
0.020 (RP-HPLC-RT correlation, Swann et al. 1983)
0.0031–0.0034 (Verschueren 1983)
0.0045 (shake flask-GC or LSC, Gerstl & Mingelgrin 1984)
0.030 (RP-HPLC-RT correlation, Chin et al. 1986)
0.0054 (24°C, shake flask-GC/ECD, Chiou et al. 1986)
0.0055 (shake flask-GC, Chiou et al. 1991)
0.001–0.0055 (Montgomery 1993)
0.0055 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
log [SL/(mol/L)] = –0.195 – 1454/(T/K) (liquid, Passivirta et al. 1999)
0.00023 ± 0.00010  (mean literature value-basic statistics for uncensored original data, Pontolillo & Eganhouse 2001)
0.0956, 0.149 (p,p′-DDT, supercooled liquid SL: derivation of literature-derived value LDV, final-adjusted value

FAV, Shen & Wania 2005)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

2.0 × 10–5* (p,p′-DDT, 20°C, effusion manometer, measured range 0–100°C, Balson 1947)
log (P/mmHg) = 14.191 – 6160/(T/K), temp range 66–100°C (Antoine eq., effusion, Balson 1947)
log (P/mmHg) = 13.778 – 6010/(T/K); temp range 50–90°C (Antoine eq., effusion, Dickinson 1947)
0.001973*, 0.002027* (p,p'-DDT, 50.1°C, gas saturation-spec., measured range 50.1–90.2°C, Dickinson 1956)
3.30 × 10–5 (interpolated exptl. data of Balson 1947, Spencer & Cliath 1970; Ballschmiter & Wittlinger 1991)
3.33 × 10–5 (20°C, partition coefficient, Atkins & Eggleton 1971)
2.53 × 10–5 (20°C, Melnikov 1971; Spencer 1973, 1982; Callahan et al. 1979, Mabey et al. 1982)
2.03 × 10–5* (20°C, p,p′-DDT, 30°C, gas saturation-GC, measured range 20–40°C, Spencer & Cliath 1972)
log (P/mmHg) = 14.24 – 6176/(T/K); temp range 20–40°C (p,p′-DDT, 30°C, gas saturation-GC, Antoine eq.,

Spencer & Cliath 1972; Spencer 1975)
7.37 × 10–4 (o,p′-DDT, 30°C, gas saturation-GC, Spencer & Cliath 1972; Spencer 1975)
2.50 × 10–5 (20°C, Hartley & Graham-Bryce 1980; Worthing & Hance 1991)
5.73 × 10–5* (p, p′-DDT, gas saturation-HPLC/liquid scintillation spectrometry, measured range 20–80°C, Rothman 1980)
2.00 × 10–5 (20–25°C, Weber et al. 1980)
1.50 × 10–4 (20°C, GC, Seiber et al. 1981)
6.0 × 10–4, 1.12 × 10–3 (o,p′-DDT 25, 30°C, capillary GC-RT correlation, Westcott & Bidleman 1981)
1.17 × 10–3 (o,p′-DDT, 30°C, semi-micro gas-saturation-GC, Westcott et al. 1981)
4.30 × 10–5 (estimated-relative volatilization rate, Dobbs & Cull 1982)
2.67 × 10–3, 2.67 × 10–5 (20°C, calculated values, Grain 1982) 
2.01 × 10–5 – 2.8 × 10–5 (gas saturation, Jaber et al. 1982)
1.96 × 10–5 (20°C, evaporation rate at 20–60°C, Gückel et al. 1982)
4.31 × 10–5 (20°C, relative loss rate, Dobbs & Cull 1982)
1.61 × 10–3, 1.28 × 10–3 (o,p′-DDT, PGC by GC-RT correlation, different stationary phases, Bidleman 1984)
1.33 × 10–3 (o,p′-DDT, supercooled liquid PL, converted from literature PS with ∆Sfus Bidleman 1984)
8.30 × 10–4, 4.70 × 10–4 (p,p′-DDT, PGC by GC-RT correlation, different stationary phases, Bidleman 1984)
3.16 × 10–4 (p,p′-DDT, supercooled liquid PL, converted from literature PS with ∆Sfus Bidleman 1984)
2.48 × 10–5 (20°C, GC-RT correlation, Kim 1985)
1.73 × 10–4 (20°C, supercooled liquid value, Bidleman et al. 1986)
2.50 × 10–5 (Hartley & Kidd 1987; Tomlin 1994)
1.33 × 10–3, 1.83 × 10–3 (o,p′-DDT, supercooled liquid PL, converted from literature PS with different ∆Sfus values,

Hinckley et al. 1990) 

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3787

1.614 × 10–3, 1.035 × 10–3 (o,p′-DDT, PGC by GC-RT correlation with different reference standards, Hinckley et
al. 1990)

log (PL/Pa) = 12.77 – 4626/(T/K) (o,p′-DDT, supercooled liquid, GC-RT correlation, Hinckley et al. 1990)
3.16 × 10–4, 5.12 × 10–4 (p,p′-DDT, supercooled liquid PL, converted from literature PS with different ∆Sfus values,

Hinckley et al. 1990) 
8.30 × 10–4 (p,p′-DDT, PGC by GC-RT correlation with eicosane as reference standard, Hinckley et al. 1990)
log (PL/Pa) = 13.02 – 4865/(T/K) (p,p′-DDT, GC-RT correlation, supercooled liquid, Hinckley et al. 1990)
6.92 × 10–5, 2.69 × 10–4, 9.33 × 10–4 (supercooled liquid values at 10°C, 20°C, 30°C, calculated from Hinckley

et al. 1990; Cotham & Bidleman 1992)
2.27 × 10–8 (20°C, Montgomery 1993)
2.53 × 10–5 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
1.715 × 10–5* (p, p′-DDT 20°C, gas saturation-GC/ECD, measured range 0–40°C, Wania et al. 1994)
log (P/Pa) = 16.62 – 6276/(T/K), temp range 0–40°C (Antoine eq., gas saturation, Wania et al. 1994)
1.05 × 10–4 (supercooled liquid PL, GC-RT correlation; Donovan 1996)
5.01 × 10–4 (supercooled liquid PL, Wania & Mackay 1996)
4.39 × 10–4, 4.27 × 10–4; 3.78 × 10–5 (supercooled liquid PL, calculated; GC-RT correlation; solid PS converted

from PL with fugacity ratio F, Passivirta et al. 1999)
log (PS/Pa) = 16.62 – 6276/(T/K) (solid, quoted from Wania et al. 1994, Passivirta et al. 1999)
log (PL/Pa) = 12.82 – 4823/(T/K) (supercooled liquid, Passivirta et al. 1999)
log (PL/Pa) = (12.38 ± 0.48) – (4665 ± 166)/(T/K); ∆Sfus = 70.9 J mol–1 K–1 (p,p′-DDT, supercooled liquid,

summary of literature exptl. data, Bidleman et al. 2003)
0.00056, 0.00048 (p,p′-DDT, supercooled liquid PL: LDV literature derived value, FAV final adjusted value,

Shen & Wania 2005)
log (PL/Pa) = –4666/(T/K) + 12.40 (supercooled liquid, linear regression of literature data, Shen & Wania 2005)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated and reported temperature dependence equations):

1.30 (measured, Atkins & Eggleton 1971)
3.94 (calculated-P/C, Mackay & Leinonen 1975)
6.02 (20–25°C, calculated, Thibodeaux 1979)
7.48 (20°C, volatilization rate, Burkhard & Guth 1981)
7.29 (calculated-P/C, Levins 1981)
5.30 (calculated-P/C, Mackay & Shiu 1981)
1.60 (calculated-P/C, Mabey et al. 1982)
3.85 (calculated-P/C, Thomas 1982) 
0.466 (estimated-group method per Hine & Mookerjee 1975, Tucker et al. 1983)
4.96 (calculated-P/C, Jury et al. 1984, 1987a; Jury & Ghodrati 1989) 
1.63 (calculated-P/C, Caron et al. 1984)
1.31 (calculated-P/C, Mackay et al. 1986)
4.96, 8.18 (calculated-P/C, Taylor & Glotfelty 1988)
2.36 (20°C, calculated-P/C, Suntio et al. 1988)
1.28, 1.33 (22–24°C, fog chamber-concn. ratio-GC/ECD, Fendinger et al. 1989) 
0.862 (23°C, wetted-wall column-GC/ECD, Fendinger et al. 1989, 1990)
0.16 (0°C, selected, Cotham & Bidleman 1991)
2.90 (calculated-P/C, Calamari et al. 1991)
6.0 calculated-P/C, Ballschmiter & Wittlinger 1991)
1.55 (calculated-bond contribution method, Meylan & Howard 1991)
1.31, 0.86 (25°C, 24°C, Iwata et al. 1993)
1.31 (23°C, quoted, Montgomery 1993)
0.843 (p,p′-DDT, wetted wall column-GC, Altschuh et al. 1999)
log (H/(Pa m3/mol)) = 13.02 – 3369/(T/K) (Passivirta et al. 1999)
1.1, 1.1 (p,p′-DDT, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW: 

3.98 (shake flask, Kapoor et al. 1973; Lu & Metcalf 1975) 
6.19 (calculated, O’Brien 1975)
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6.36 (shake flask-GC, Chiou et al. 1982)
4.89 (Wolfe et al. 1977; Callahan et al. 1979)
5.98 (Kenaga & Goring 1978, 1980; Kenaga 1980b)
6.19 (shake flask-GC, Freed et al. 1979)
3.98–6.19 (Hansch & Leo 1979)
6.36 (shake flask, Karickhoff et al. 1979)
5.75 (HPLC-RT correlation, Veith et al. 1979b, 1980; Veith & Kosian 1983)
6.69 (Belluck & Felsot 1981)
5.94 (shake flask-GC/LC, Ellgehausen et al. 1981)
5.55 (HPLC-k′ correlation, McDuffie 1981)
6.38 (HPLC-RT correlation, Hammers et al. 1982)
5.10 ± 0.1 (radioactive analysis method, Platford et al. 1982)
5.60 (shake flask-GC, Platford 1982, 1983)
5.90 (average of shake flask values, Eadsforth & Moser 1983)
6.12 (average of HPLC-RT correlation, Eadsforth & Moser 1983)
6.20 (Elgar 1983)
5.44 (shake flask-GC or LSC, Gerstl & Mingelgrin 1984)
6.40 (HPLC-RV correlation, Garst 1984)
5.44 (estimated-HPLC/MS; Burkhard et al. 1985)
6.22 (HPLC-RT correlation, Brooke 1986)
6.06 (RP-HPLC-RT correlation, Chin et al. 1986)
6.21 (HPLC-RT correlation, Eadsforth 1986)
6.19 (RP-HPLC correlation, De Kock & Lord 1987)
6.51 (HPLC-RT correlation, Liu & Leng 1988)
6.914 ± 0.030 (p,p′-, shake flask/slow-stirring method, De Bruijn et al. 1989; received highest ranking from

Pontolillo & Eganhouse 2001)
6.307 ± 0.045; 6.914 ± 0.030 (shake flask-UV/GC/HPLC, BRE value, RITOX value, inter-laboratory studies,

Brooke et al. 1990; received highest ranking from Pontolillo & Eganhouse 2001)
4.89–6.91 (Montgomery 1993)
5.50 (RP-HPLC correlation, Sicbaldi & Finizio 1993)
6.36 (recommended, Sangster 1993)
8.3064 (o,p′-DDT, calculated-UNIFAC group-interaction, Chen et al. 1993)
6.91 (recommended, Hansch et al. 1995)
5.65 (o,p′-DDT, RP-HPLC-RT correlation, Finizio et al. 1997)
5.50 (p,p′-DDT, RP-HPLC-RT correlation, Finizio et al. 1997)
6.50 (p,p′-DDT, quoted lit., calculated, Passivirta et al. 1999)
6.65 (mean literature value-basic statistics for uncensored original data, Pontolillo & Eganhouse 2001)
6.28, 6.39 (p,p′-DDT, LDV literature-derived value, FAV final-adjusted value, Xiao et al. 2004)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

10.09, 9.22 (p,p′-DDT, generator column-GC/ECD, calculated-KOW/KAW, Harner & Mackay 1995)
8.70 (calculated-KOW/KAW, Wania & Mackay 1996)
9.93 (p,p′-DDT, calculated, Finizio et al. 1997)
9.66* (o,p′-DDT, gas saturation-GC/MS, measured range 5–35°C, Shoeib & Harner 2002)
log KOA = –11.291 + 6266/(T/K), temp range 5–35°C (o,p′-DDT, gas saturation-GC, Shoeib & Harner 2002)
9.879*, 9.816 (p,p′-DDT, gas saturation-GC/MS, calculated, measured range 5–45°C, Shoeib & Harner 2002)
log KOA = –5.63 + 4603/(T/K), temp range 5–35°C (p,p′-DDT, gas saturation-GC, Shoeib & Harner 2002)
9.81, 9.73 (p,p′-DDT, LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF:

5.31–6.23 (earthworms, Wheatley & Hardman 1968)
2.42 (Cylindrotheca closterium, Keil & Priester 1969)
4.40; 4.90; 4.40 (Syracosphaera carterae; Amphidirium cartaria; Tholassiosira fluviatilus, Cox 1970)
4.00 (pinfish, Hansen & Wilson 1970)
4.58 (Atlantic croaker, Hansen & Wilson 1970)
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3.94 (soft clam, Butler 1971)
4.20–4.36 (Daphnia magna over concn. gradient 8 µg/L to 1.1 mg/L, Crosby & Tucker 1971)
5.00 (Daphnia magna at water level 80 ng/L, Johnson et al. 1971)
4.27 (Daphnia magna, wet wt. basis, Crosby & Tucker 1971)
4.45 (Daphnia magna, wet wt. basis, Johnson et al. 1971;)
4.08–4.60 (fishes, Menzie 1972)
4.93, 4.54 (Gambusia, Physa, Metcalf et al. 1973) 
4.68 (oyster, Parrish 1974)
4.79 (Ankistrodesmus, Neudorf & Khan 1975)
3.52–3.63, 3.11–3.43 (bacteria, algae, Wolfe et al. 1977)
3.14 (trout muscle, Branson 1978)
4.47 (fathead minnow, 32-d exposure, Veith et al. 1979b, 1980)
4.72 (bluegill sunfish-kinetic value, Bishop & Maki 1980) 
4.79, 4.93 (fish: flowing water, static water; Kenaga 1980a,b; Kenaga & Goring 1980)
4.35; 4.43 (calculated-S, calculated-KOC, Kenaga 1980a)
–0.045 (average beef fat diet, Kenaga 1980b)
4.15 (pulex, Kenaga & Goring 1980)
4.11 (algae, estimated, Baughman & Paris 1981)
2.95–3.03; 3.02–3.13 (Rhodotorulus solani, Alfafa tissue, Baughman & Paris 1981)
2.10 (Triaenodes tardus, Belluck & Felsot 1981)
5.38 (calculated-KOW, Briggs 1981)
5.11 (selected, Schnoor & McAvoy 1981, Schnoor 1992)
4.36, 4.15, 4.43 (estimated-S, calculated-KOW, calculated-KOC, Bysshe 1982)
4.47, 4.43 (fish: quoted, correlated, Mackay 1982) 
4.37 (mussels, quoted average, Geyer et al. 1982)
6.90 (microorganism-water, Mabey et al. 1982)
2.30, 4.08 (trout, pinfish, Verschueren 1983)
4.71 (15°C, rainbow trout, Davies & Dobbs 1984)
5.00 (25°C, fathead minnow-steady state, Davies & Dobbs 1984)
4.15 (activated sludge, Freitag et al. 1984)
3.97, 3.46, 4.15 (algae, fish, activated sludge, Klein et al. 1984)
3.97, 3.28, 4.15 (algae, golden ide, activated sludge, Freitag et al. 1985)
4.97 (Oncorhynchus mykiss, Muir et al. 1985)
3.91, 3.08 (rainbow trout: kinetic, steady-state, Oliver & Niimi 1985)
4.47, 4.56 (oyster, calculated-KOW & models, Zaroogian et al. 1985)
3.24–5.00 (p,p′-DDT, benthic macroinvertebrates, Reich et al. 1986)
3.44–5.71 (o,p′-DDT, benthic macroinvertebrates, Reich et al. 1986)
4.08 (Selenastrum capricornutum, Mailhot 1987)
6.50 (zooplankton, chum salmon; Kawano et al. 1988)
–1.55 (beef biotransfer factor log Bb, correlated-KOW from Radeleff et al. 1952 & Kenaga 1980, Travis &

Arms 1988)
–2.62 (milk biotransfer factor log Bm, correlated-KOW from Fries et al. 1969; Saha 1969 & Whiting et al.

1973, Travis & Arms 1988)
–1.80 (vegetation, correlated-KOW from Beall & Nash 1972 & Voerman & Besemer 1975, Travis & Arms

1988)
5.28, 7.64 (dry leaf, wet leaf, Bacci et al. 1990)
4.47, 4.30 (quoted, calculated, Banerjee & Baughman 1991) 
4.72 (selected, Chessells et al. 1992)
–0.155, –1.0 (earthworms, quoted, field/lab., Menzie et al. 1992)
–1.0, –0.602 (earthworms, field leaf litter, calculated-model, Menzie et al. 1992)
4.81, 4.86, 4.95, 4.99 (Oncorhynchus mykiss, Muir et al. 1994)
4.05, 2.85, 3.70 (algae Selenastrum capricornutum, water flea Daphnia magna, catfish Ictalurus melas, wet wt.

basis, Wang et al. 1996)
3.97, 4.81 (algae Chlorella: wet wt basis, dry wt basis, p,p′-DDT, Geyer et al. 2000)
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4.45, 6.45 (Daphnia: wet wt basis, lipid wt basis, p,p′-DDT, Geyer et al. 2000)
5.14, 7.06 (oyster, flow-through 6 months: wet wt basis, lipid wt basis, p,p′-DDT, Geyer et al. 2000)
4.97, 6.67 (rainbow trout: wet wt basis, lipid wt basis, p,p′-DDT, Geyer et al. 2000)
>4.57, >5.55 (fathead minnow, 10.5% lipid, 28-d: wet wt basis, lipid wt basis, o,p′-DDT, Geyer et al. 2000)

Bioaccumulation Factor BAF:

1.27 (bioaccumulation factor log BAF, adipose tissue in male Albino rats, Berdanier & de Dennis 1977)
4.20; 3.539; 3.35 (log BF-bioaccumulation factor of algae; catfish; daphnids, Ellgehausen et al. 1980) 
5.10 (fish, reported as log BAFw, LeBlanc 1995)

Sorption Partition Coefficient, log KOC: 

5.38 (soil, Hamaker & Thompson 1972; Kenaga 1980; Kenaga & Goring 1980; Karickhoff 1981)
3.93 (sediment, Wolfe et al. 1977)
5.38 (calculated-KOW, Kenaga 1980)
5.16 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
5.38 (Kenaga & Goring 1980; quoted, Hodson & Williams 1988)
5.18 (average 3 soils, HPLC-RT correlation, McCall et al. 1980) 
5.39 (average soils/sediments, Rao & Davidson 1980)
5.20, 5.18, 5.18; 5.18 (commerce soil, Tracy soil, Catlin soil; average soil, McCall et al. 1980)
5.00 (selected, sediment/water, Schnoor & McAvoy 1981; Schnoor 1992)
5.62; 6.81, 5.80 (estimated-S; estimated-S and mp, calculated-KOW, Karickhoff 1981)
6.59 (calculated-KOW, Mabey et al. 1982)
5.38 (soil, Thomas 1982; quoted, Nash 1988)
5.20 (Pavlou & Weston 1983, 1984)
5.18, 4.64 (soil slurry method, HPLC-RT correlation, Swann et al. 1983)
5.38 (soil, Jury et al. 1984; quoted, Mackay & Stiver 1991)
5.38, 5.33 (soil: quoted, calculated-MCI χ, Sabljic 1984)
5.61 (Caron et al. 1984)
5.39 (soil, estimated, Karickhoff 1985)
6.00 (best estimate at low sediment concn., Karickhoff 1985)
5.11–5.45 (Aldrich humic acid, Landrum et al. 1984)
4.28–4.66 (natural water, Landrum et al. 1984)
5.61 ± 0.11 (Chiou et al. 1987; quoted, Chin et al. 1991)
6.03 (predicted-KOW, Chiou et al. 1987)
5.39 (selected, Elzerman & Coates 1987)
3.94 (calculated-MCI χ, Gerstl & Helling 1987)
5.38 (soil, screening model calculations, Jury et al. 1987a,b; Jury & Ghodrati 1989)
5.38, 5.34 (quoted, calculated- MCI χ, Bahnick & Doucette 1988)
5.63 (RP-HPLC-k′ correlation, cyanopropyl column, Hodson & Williams 1988)
4.09 (calculated-KOW as per Kenaga & Goring 1980, Chapman 1989)
5.15–6.26 (Montgomery 1993)
6.59 (estimated-QSAR and SPARC, Kollig 1993)
6.30 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
5.31 (soil, calculated-MCI χ, Sabljic et al. 1995)
5.63; 5.34 (HPLC-screening method; calculated-PCKOC fragment method, Müller & Kördel 1996)
5.17 (p,p′-DDT, soil, estimated-general model, Gramatica et al. 2000)
6.08 (p,p′-DDT, average values for sediments OC ≥ 0.5%, Delle Site 2001)
5.63, 5.54 (p,p′-DDT, soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, average, Delle Site 2001)
5.20 (soil humic acid, shake flask-HPLC/UV, Cho et al. 2002)

Sorption Partition Coefficient, log KOM:

5.14 (exptl., Briggs 1981)
4.24 (calculated-Parachor, Briggs 1981)
4.88 – 5.41 (Mingelgrin & Gerstl 1983)
5.69, 5.59, 5.69 (average soil, sediment, soil and sediment, Gerstl & Mingelgrin 1984)
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Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ = 3.7 d for water depth of 1 m (Mackay & Wolkoff 1973); 
t½ = 73.9 h (Mackay & Leinonen 1975, Branson 1978); 
initial rate constant k = 6.9 × 10–4 h–1 and predicted rate constant k = 1.2 × 10–3 h–1 from soil with t½ = 578 h;

t½(calc) = 45 h from water (Thomas 1982); 
half-flux values times, 0.3 d from field study, 0.3–12 d from microagroecosystem, >80–1000 d from

laboratory data (Nash 1983).
Photolysis: midsummer direct photolysis k = 8.5 × 10–8 s–1 with t½ > 227000 h in water, t½ = 280000 h in

hydrocarbon media; midday t½ > 460000 h (52.5 yr) average over all seasons in water at latitude 40°N,
daily average direct photolysis t½ > 150 yr (12-h days) in water in the Central U.S. (Zepp et al. 1976)
using fungus and either 254 or 300 nm UV light, more than 97% initial added amounts were metabolized

in 3 wk of incubation (Katayama & Matsumura 1991).
Oxidation: t½ = 22 yr, estimated first-order half-life in aquatic environment (Callahan et al. 1979)

k < 3600 M–1 h–1 for singlet oxygen, k = 3600 M–1 h–1 for RO2 (Mabey et al., 1982) 
photooxidation t½ = 17.7–177 h in air, based on estimated rate constant for the reaction with hydroxyl

radicals in air (Howard et al. 1991).
photooxidation t½ = 168–8400 h in water, based on measured rate of photooxidation in two natural waters

under sunlight for 7 d and 56 d (Howard et al. 1991) 
Hydrolysis: k(alkaline) = 9.90 × 10–3 M–1 s–1 at 27°C corresponds to t½ = 81 d at pH 9, k(neutral) = 1.9 × 10–9

s–1 corresponds to t½ = 12 yr in 5% acetonitrile-water at pH 5 and 27°C (Wolfe et al. 1977b)
k(alkaline) = 9.90 × 10–3 M–1 s–1 at pH 9, k(neutral) = 1.9 × 10–9 s–1 for 1 × 10–8 M in water at 27°C (Harris

1982) 
k = 1.57 × 10–4 h–1 at pH 7 (Neely & Blau 1985) 
k = 6.0 × 10–2 yr–1 at pH 7.0 and 25°C (Kollig 1993). 

Biodegradation: t½(aq. aerobic) = 2–15.6 yr based on observed rates of biodegradation in aerobic soils under
field conditions (Lichtenstein & Schultz 1959; Stewart & Chisholm 1971; quoted, Howard et al. 1991) 
t½(aq. anaerobic) = 16–100 d, based on anaerobic flooded soil die-away data for two flooded soils (Castro

& Yoshida 1971; quoted, Howard et al. 1991)
t½ = 3837 d (Hamaker 1972; quoted, Jury et al. 1983, 1984, 1987a, b, Jury & Ghodrati 1989)
k = 0.00013 d–1 from soil incubation studies, and k = 0.0035 d–1 from flooded soil incubation studies in

anaerobic system both by die-away test (Rao & Davidson 1980; quoted, Scow 1982)
t½(aq. aerobic) = 2–15.6 yr, based on aerobic degradation in soil; t½(aq. anaerobic) = 16–100 d, based on

anaerobic flooded soil die-away study data (Howard et al. 1991)
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k2 = 0.002, 0.0007 h–1 (algae, daphnids, Ellgehausen et al. 1980)
k2 = 0.052 d–1 (catfish, Ellgehausen et al. 1980)
k1 = 170 d–1; k2 = 0.0021 d–1 (rainbow trout, Oliver & Niimi 1985)
k1 = 818 d–1; k2 = 0.009 d–1 (rainbow trout, Muir et al. 1985)
k2 = 8.60 yr–1; k2 = 4.50 yr–1 (P. hoyi, Evans et al. 1991)
k1 = 20609 d–1; k2 = 1.845 d–1 (algae Selenastrum capricornutum, Wang et al. 1996)
k1 = 135.6 d–1; k2 = 0.191 d–1 (water flea Daphnia magna, Wang et al. 1996)
k1 = 9.761 d–1; k2 = 0.002 d–1 (catfish Ictalurus melas, Wang et al. 1996)

Half-Lives in the Environment:

Air: t½ = 17.7–177 h, based on estimated rate constant for the reaction with hydroxyl radical in air (Howard et
al. 1991; Mortimer & Connell 1995); 
half-lives for ΣDDT in the Great Lake’s atmosphere. t½ = 17.0 ± 6.8 yr at Eagle Harbor, t½ = 8.2 ± 1.4 yr

at Sleeping Bear Dunes and t½ = 7.1 ± 1.0 yr at Sturgeon Point (Buehler et al. 2004).
Surface water: dehydrochlorination rate constant k = 1.75 × 10–2 h–1 for 1 ppm p,p′-DDT and k = 1.65 × 10–2 h–1

for 1 ppm o,p′-DDT both at 21 ± 2°C and pH 12.8, in 0.1 N NaOH solution (Choi & Chen 1976);
degradation t½ = 8 yr in water at 27°C (Wolfe et al. 1977);
midsummer direct photolysis t½ > 227000 h in water, t½ = 280000 h in hydrocarbon media; midday

t½ > 460000 h (52.5 yr) average over all seasons in water at latitude 40°N, daily average direct photolysis
t½ > 150 yr (12-h days) in water in the Central U.S. (Zepp et al. 1976)
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t½ = 73.9 h for a pond 1 m deep (Branson 1978); 
t½ = 168–8400 h, based on measured rate of photooxidation in two natural waters under sunlight for 7 d

and 56 d (Callahan et al. 1979; quoted, Howard et al. 1991; Mortimer & Connell 1995); 
estimated t½ = 110 and 56 d for o,p- and p,p-DDT, respectively, in surface waters in case of first order

reduction process may be assumed in the Netherlands (Zoeteman et al. 1980)
degradation t½ ~ 10 yr average from the loss rates in Lake Michigan (Bierman & Swain 1982). 

Ground water: t½ = 16 d to 31.3 yr, based on anaerobic flooded soil die-away data for two flooded soils (Castro
& Yoshida 1971; quoted, Howard et al. 1991) and observed rates of biodegradation in aerobic soils under
field conditions (Lichtenstein & Schultz 1959; Stewart & Chisholm 1971; quoted, Howard et al. 1991).

Sediment: t½ = 3 to 5 yr (Bierman & Swain 1982); t½ = 21 yr (conversion of p,p′-DDT to p,p′-DDE in sediment,
Oliver et al. 1989); t½ = 78800 h (quoted mean value from Howard et al. 1991, Mortimer & Connell 1995).

Soil: t½ = 2–15.6 yr, based on observed rates of biodegradation in aerobic soils under field conditions (Lichtenstein
& Schultz 1959; Stewart & Chisholm 1971; quoted, Howard et al. 1991); 
average t½ ~ 12 yr in 3 different soils for ~50 ppm in soil (Nash & Woolson 1967); 
estimated persistence of 4 yr in soil (Kearney et al. 1969; Edwards 1973; quoted, Morrill et al. 1982; Jury

et al. 1987a); 
field t½ = 173 d when incorporated into soil (Willis et al. 1971; quoted, Nash 1983); 
microagroecosystem t½ > 50 d with open cotton canopy (quoted, Nash 1983);
persistence of more than 36 months (Wauchope 1978); 
t½ > 50 d and subject to plant uptake via volatilization (Callahan et al. 1979; quoted, Ryan et al. 1988);
estimated first-order t½ = 14.6 yr from biodegradation rate constant k = 0.00013 d–1 from soil incubation

studies and t½ = 198 d from rate constant k = 0.0035 d–1 from flooded soil incubation studies in anaerobic
system both by die-away test (Rao & Davidson 1980; quoted, Scow 1982); 

very persistent in soils with t½ > 100 d (Willis & McDowell 1982); 
microagroecosystem t½ > 50 d in moist fallow soil (Nash 1983); 
t½ = 3837 d from screening model calculations (Jury et al. 1984, 1987a, b; Jury & Ghorati 1989); 
t½ = 173 d from field study, t½ > 50 d from microagroecosystem, t½ = 116 d from laboratory data (Nash 1985); 
t½ = 3800 d (Jury et al. 1987; quoted, Montgomery 1993); 
reaction t½ = 3837 d and overall t½ = in soil 9.4 yr (Mackay & Stiver 1991); 
estimated field t½ = 2000 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996); 
t½ = 14.0 and 12.0 yr for control and sludge-amended Luddington soils, respectively, for o,p′-DDT, and

t½ = 11.8 and 10.5 yr for control and sludge-amended Luddington soils, respectively, for p,p′-DDT (Meijer
et al. 2001).

Biota: field t½ = 15 d in fruit leaves (Decker et al. 1950; quoted, Nash 1983); 
microagroecosystem t½ = 29 d in cotton leaves (Nash & Harris 1977; quoted, Nash 1983); 
t½ = 915 h from fish compared with calculated value of t½ = 517 h from regression (Neely 1980); 
t½ = 0.70 h in algae, t½ = 3.65 d in catfish and t½ = 315 h in daphnids (Ellgehausen et al. 1980); 
t½ = 340 d in rainbow trout (Oliver & Niimi 1985); 
biochemical t½ = 3837 d (Jury et al. 1987a, b; Jury & Ghodrati 1989); 
biological t½ = 77 d for trout, t½ = 31 d for salmon, t½ = 4 d for catfish (Niimi 1987).
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TABLE 18.1.1.23.1
Reported aqueous solubilities of DDT at various temperatures

p,p’-DDT o,p’-DDT

Biggar & Riggs 1974 Biggar & Riggs 1974

shake flask-GC shake flask-GC

t/°C S/g·m–3 S/g·m–3 S/g·m–3 t/°C S/g·m–3 t/°C S/g·m–3

particle size 0.01µ 0.05µ 5.0µ particle size 0.01µ 0.05µ 5.0µ
15 0.001 0.0025 0.017 15 0.050
25 0.0017 0.006 0.025 25 0.004 0.012 0.085
35 0.0026 0.013 0.037 35 0.135
45 0.0039 0.0275 0.045 45 0.200

FIGURE 18.1.1.23.1A Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for p,p′-DDT.

FIGURE 18.1.1.23.1B Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for o,p′-DDT.

p,p' -DDT: solubility vs. 1/T
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TABLE 18.1.1.23.2
Reported vapor pressures of DDT at various temperatures and the coefficients for the vapor pressure
equations

log P = A – B/(T/K) (1) ln P = A – B/(T/K) (1a)
log P = A – B/(C + t/°C) (2) ln P = A – B/(C + t/°C) (2a)
log P = A – B/(C + T/K) (3)
log P = A – B/(T/K) – C·log (T/K) (4)

1.

Balson 1947 Dickinson 1956 Spencer & Cliath 1972 Rothman 1980

effusion manometer gas saturation-spec. gas saturation-GC radiotracer transpiration

t/°C P/Pa t/°C P/Pa t/°C P/Pa t/°C P/Pa

p,p′-DDT p,p′-DDT p,p′-DDT p,p′-DDT
0 5.87 × 10–7 71.0 0.01947 20 2.03 × 10–5 20 2.93 × 10–5

10 3.60 × 10–6 71.0 0.02586 30 9.68 × 10–5 25 5.73 × 10–5

20 2.00 × 10–5 71.0 0.02733 40 4.43 × 10–4 30 1.24 × 10–4

30 9.60 × 10–5 70.7 0.02706 40 5.33 × 10–4

40 4.27 × 10–4 70.7 0.02640 eq. 1 P/mmHg 50 2.0 × 10–3

50 1.77 × 10–3 70.7 0.02680 A 14.24 60 6.40 × 10–3

60 4.00 × 10–3 71.3 0.02973 B 6176 70 0.020
70 0.0231 71.3 0.02893 80 0.060
80 0.0301 50.1 0.001973 o,p′-DDT
90 0.224 50.1 0.002027 30 7.37 × 10–4 ∆Hsub = 100.6 kJ/mol

100 0.640 60.1 0.007106
60.1 0.006999
60.1 0.007199

eq. 1 P/mmHg 80.4 0.08053
A 14.191 80.4 0.07666
B 6160 80.4 0.07879

temp range: 66–100°C 80.4 0.07599
88.8 0.2039
88.8 0.1933
90.2 0.2200
90.2 0.2346

eq. 1 P/mmHg
A 13.778
B 6010
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TABLE 18.1.1.23.2 (Continued )

2.

Westcott et al. 1981 Westcott & Bidleman 1981 Wania et al. 1994

gas saturation-GC
capillary GC-RT 

correlation gas saturation-GC/ECD

t/°C P/Pa t/°C P/Pa t/°C P/Pa

o,p′-DDT o,p′-DDT p,p′-DDT
30 1.17 × 10–3 25 6.0 × 10–4 0 5.003 × 10–7

30 1.12 × 10–3 10 2.531 × 10–6

20 1.715 × 10–5

p,p′-DDT 30 8.180 × 10–5

30 1.87 × 10–3 40 3.846 × 10–4

eq. 1 P/Pa
A 16.62
B 6276

for temp range 0–40°C

enthalpy of sublimation:
∆Hsub = 120.2 kJ/mol

FIGURE 18.1.1.23.2 Logarithm of vapor pressure versus reciprocal temperature for p,p′-DDT.

p,p' -DDT: vapor pressure vs. 1/T

-7.0

-6.0

-5.0

-4.0

-3.0

-2.0

-1.0

0.0

1.0

0.0026 0.0028 0.003 0.0032 0.0034 0.0036 0.0038

1/(T/K)

P(gol
S

)a
P/

Balson 1947
Dickinson 1956
Spencer & Cliath 1972
Rothman 1980
Wania et al. 1994

m.p. = 108.5 °C

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3796 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

TABLE 18.1.1.23.3
Reported octanol-air partition coefficients of DDT at various temperatures

p,p’-DDT o,p’-DDT

Harner & Mackay 1995 Shoeib & Harner 2002 Shoeib & Harner 2002

generator column-GC/MS generator column-GC generator column-GC

t/°C log KOA t/°C log KOA t/°C log KOA

15 15 10.307 5 10.905
25 10.09 25 9.879 15 10.455
35 35 9.295 20 9.881
45 45 8.824 25 9.660

25 9.816 35 9.1959

log KOA = A + B/(T/K) log KOA = A + B/(T/K) log KOA = A + B/(T/K)
A –3.20 A –5.63 A –11.291
B 3954 B 4603 B 6266

enthalpy of phase change ∆HOA/(kJ mol–1) = 88.1 ∆HOA/(kJ mol–1) = 87.9
∆HOA/(kJ mol–1) = 75.7

FIGURE 18.1.1.23.3A Logarithm of KOA versus reciprocal temperature for p,p′-DDT.

p,p' -DDT: KOA vs. 1/T
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FIGURE 18.1.1.23.3B Logarithm of KOA versus reciprocal temperature for o,p′-DDT.

o,p' -DDT: KOA vs. 1/T
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18.1.1.24 Deltamethrin

Common Name: Deltamethrin
Synonym: Decis, K-Othrin, Butoss, RU 22074, Cislin, Crackdown
Chemical Name: S-α-cyano-3-phenoxybenzyl (1R,3R)-3-(2,2-dibromovinyl)-2,2-dimethyl cyclopropan-1-carboxylate
CAS Registry No: 52918-63-5
Uses: insecticide (pyrethroid)
Molecular Formula: C22H19Br2NO3

Molecular Weight: 505.199
Melting Point (°C): 

98–101 (Hartley & Kidd 1987)
98–102 (Tomlin 1994)

Boiling Point (°C):
Density (g/cm3 at 20°C): 

0.55 (25°C, bulk density, Tomlin 1994)
Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F:

Water Solubility (g/m3 or mg/L at 25°C):

< 0.002 (20°C, Hartley & Kidd 1987)
< 0.0002 (Tomlin 1994)

Vapor Pressure (Pa at 25°C):

2.0 × 10–6 (Hartley & Kidd 1987)
<1.33 × 10–5 (Tomlin 1994)

Henry’s Law Constant (Pa·m3/mol):

12.6 (gas stripping-LSC, Muir et al. 1985a)

Octanol/Water Partition Coefficient, log KOW:

5.20 (HPLC-RT correlation, Muir et al. 1985b)
6.20 (shake flask, Log P Database, Hansch & Leo 1987)
6.21 (HPLC-RT correlation, Hu & Leng 1992)
6.20 (recommended, Sangster 1993)
4.60 (Tomlin 1994)
6.20 (recommended, Hansch et al. 1995)
5.74 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

1.53–3.0 (fathead minnows, Muir et al. 1985a)
2.06–2.48 (chironomid larvae, Muir et al. 1985b)
2.62, 2.70 (Oncorhynchus mykiss, flow-through condition, quoted, Devillers et al. 1996)

Br
O

O
OBr

N
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Sorption Partition Coefficient, log KOC: 

3.66–4.21 (Tomlin 1994)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: t½ = 9 d in soil (Tomlin 1994).
Oxidation:
Hydrolysis: more stable in acidic than in alkaline media with t½ = 2.5 d at pH 9 and 25°C (Tomlin 1994).
Biodegradation: microbial degradation half-life are, t½(aerobic) = 21–25 d, t½(anaerobic) = 31–36 d in laboratory;

t½ < 23 d in field (Tomlin 1994)
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water: t½ = 2–4 d in water of small outdoor ponds (Muir et al. 1985); 

more stable in acidic than in alkaline media with t½ = 2.5 d at pH 9 and 25°C (Tomlin 1994).
Ground water:
Sediment:
Soil: undergoes microbial degradation within 1–2 wk (Hartley & Kidd 1987)

microbial degradation half-life are, t½(aerobic) = 21–25 d, t½(anaerobic) = 31–36 d in laboratory; t½ < 23 d
in field; photolysis t½ = 9 d (Tomlin 1994).

Biota:
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18.1.1.25 Demeton

Common Name: Demeton
Synonym: Bayer 8169, Demeton-O, E-1059, mercaptophos, Systox-O
Chemical Name: O,O-diethyl-O-(2-ethylthioethyl)phosphorothioate mixture with O,O-diethyl-S-(2-ethylthioethyl)-

phosphorothioate 
Uses: insecticide to control sucking insects and mites in a wide range of crops, including fruit, nuts, vegetables,

ornamentals, and field crops; also used as acaricide.
CAS Registry No: 8065-48-3, 298-03-3 demeton-O, systox-O

126-75-0 demoton-S, systox-S 
Molecular Formula: C8H19O3PS2

Molecular Weight: 258.339
Melting Point (°C): 

pale yellow oil (Hartley & Kidd 1987)
Boiling Point (°C): 

123 (Khan 1980)
92–93 (at 0.15 mmHg, Hartley & Kidd 1987)

Density (g/cm3 at 20°C):
1.119 (25°C, Spencer 1982) 
1.119–1.132 (Hartley & Kidd 1987)

Molar Volume (cm3/mol):
264.8 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

60 (20°C, Kenaga 1980a)
60 (22°C, Khan 1980; Worthing & Walker 1983)
100 (20–25°C, Willis & McDowell 1982) 
60 (rm. temp., Spencer 1982; Hartley & Kidd 1987)
60 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996) 

Vapor Pressure (Pa at 25°C or as indicated):

0.0973, 0.0987 (30°C, demeton-O, demeton-S, Eichler 1965)
0.00331, 0.0347 (20°C, demeton-O, demeton-S, Melnikov 1971)
0.00373, 0.0347 (20°C, demeton-O, demeton-S, Hartley & Graham-Bryce 1980)
0.0331 (Khan 1980)
0.033 (20°C, Spencer 1982)
0.0167, 0.00707 (20°C, demeton-O, demeton-S, GC-RT correlation, Kim 1985)
0.034 (20°C, Hartley & Kidd 1987)
0.030 (20°C, selected, Suntio et al. 1988)
0.1333 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.130 (20°C, calculated-P/C, Suntio et al. 1988)

Octanol/Water Partition Coefficient, log KOW:

Octanol/Air Partition Coefficient, log KOA:

O
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Bioconcentration Factor, log BCF:

1.79 (calculated-S, Kenaga 1980)

Sorption Partition Coefficient, log KOC: 

2.66 (soil, calculated-S, Kenaga 1980)
1.85 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Oxidation: calculated rate constant k = 128 × 10–12 cm3 molecule–1 s–1 for the vapor phase reaction with hydroxyl
radical in air (Winer & Atkinson 1990).

Half-Lives in the Environment:

Soil: selected field t½ = 15 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996).
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18.1.1.26 Dialifor

Common Name: Dialifor
Synonym: dialiphos, Torak
Chemical Name: S-(2-chloro-(1,3-dihydro-1,3-dioxo-2H-isoindol-2-y)ethyl) O,O-diethyl phosphorodithioate
CAS Registry No: 10311-84-9
Uses: insecticide/acaricide
Molecular Formula: C14H17ClNO4PS2

Molecular Weight: 393.846
Melting Point (°C):

68 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.379 (mp at 68°C)

Water Solubility (g/m3 or mg/L at 25°C):

0.18 (Chiou et al. 1977; Kenaga 1980b)
< 1.0 (Hartley & Kidd 1987)
0.18 (room temp., Montgomery 1993)

Vapor Pressure (Pa at 25°C):

0.133 (35°C, Hartley & Kidd 1987)
1.08 × 10–7 (20°C, Montgomery 1993)

Henry’s Law Constant (Pa·m3/mol at 25°C):

0.142 (20°C, calculated-P/C, Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW:

4.69 (shake flask-GC, Chiou et al. 1977; quoted, Rao & Davidson 1980; Sangster 1993)
4.69 (Montgomery 1993)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

3.21 (calculated, Kenaga 1980b)

Sorption Partition Coefficient, log KOC:

4.04 (soil, calculated, Kenaga 1980b) 
4.05 (Montgomery 1993)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Hydrolysis: t½ = 14 h at 20°C and pH 7.4, t½ = 1.8 h at 37.5°C and pH 7.4 (Montgomery 1993).
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Half-Lives in the Environment:

Air:
Surface water: hydrolysis t½ = 14 h at 20°C and pH 7.4, t½ = 1.8 h at 37.5°C and pH 7.4 (Montgomery 1993).
Ground water:
Sediment:
Soil:
Biota: rapidly eliminated in animal (Hartley & Kidd 1987).
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18.1.1.27 Diazinon

Common Name: Diazinon
Synonym: Alfa-Tox, AG-500, Basudin, Bazinon, Bazuden, Ciazinon, Dacutox, Dassitox, Dazzel, Desapon, Dianon,

Diater, Diaterr-fos, Diazitol, Diazide, Diazol, Dicid, Dimpylate, Dipofene, Dizinon, Dyzol, ENT 19507, Flytrol,
G 301, Gardentox, Geigy 24480, Kayazinon, Kayazol, NA 2763, Nedicisol, Neocidol, Nipsan, Nucidol, Sarolex,
Spectracide

Chemical Name: O,O-diethyl O-2-isopropyl-6-methylpyrimidin-4-yl phosphorothioate; O,O-diethyl-O-(2-isopropyl-6-
methyl 4-pyrimidinyl) phosphorothioate; O,O-diethyl 2-isopropyl-4-methylpyrimidinyl-6-thiophosphate

Uses: nonsystemic insecticide to control flies, aphids and spider mites in soil, fruit, vegetables and ornamentals; also
used as acaricide.

CAS Registry No: 333-41-5
Molecular Formula: C12H21N2O3PS
Molecular Weight: 304.345
Melting Point (°C): 

colorless oil (Hartley & Kidd 1987; Tomlin 1994)
Boiling Point (°C): 

125 (at 1 mmHg, Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
83–84 (at 0.0002 mmHg, Montgomery 1993; Tomlin 1994)

Density (g/cm3 at 20°C): 
1.11 (Worthing & Hance 1991)
1.116–1.118 (Montgomery 1993; Tomlin 1994; Milne 1995)

Molar Volume (cm3/mol):
320.2 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
< 2.5 (Albert 1963; Perrin 1989; Somasundaram et al. 1991; Montgomery 1993)

Enthalpy of Vaporization, ∆HV (kJ/mol):
87.5 (Rordorf 1989)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C):

40 (Spencer 1973, 1982; Martin & Worthing 1977; Worthing 1979, Worthing & Walker 1987)
40 (Wauchope 1978; Briggs 1981; Burkhard & Guth 1981; Kanazawa 1989)
68.8 (22°C, shake flask-GC, Bowman & Sans 1979, 1983a, b)
40 (Hartley & Graham-Bryce 1980)
40 (22°C, Khan 1980) 
40.5 (20–25°C, shake flask-GC, Kanazawa 1981)
40 (20°C, Windholz 1983)
40 (20°C, Hartley & Kidd 1987; Worthing & Hance 1991; Tomlin 1994; Milne 1995)
60 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
53.5, 43.7 (20°C, 30°C, Montgomery 1993) 
52.36, 103.8 (supercooled liquid SL: literature-derived value LDV, final adjusted value FAV, Muir et al. 2004)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

0.0187 (Margot & Stammbach 1964)
0.0111 (20°C, Wolfdietrich 1965)
0.0112 (20°C, Melnikov 1971)
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0.0161 (gas saturation, Heiber & Szelagiewicz 1976)
0.020 (gas saturation method, measured range 32–73°C, Marti 1976)
log (P/mmHg) = 11.46 – 4569.55/(T/K), temp range 32–73°C (Marti 1976)
0.0187 (Worthing 1979)
0.019 (20°C, Hartley & Graham-Bryce 1980)
0.0187 (Khan 1980) 
0.00971 (20°C, volatilization rate, Burkhard & Guth 1981)
0.00236–0.00469 (20°C, GC, Seiber et al. 1981)
0.0109* (gas saturation-GC, measured range 25.3–45. 0°C, Kim et al. 1984)
log (P/mmHg) = 9.3871 – 4014.67/(T/K); temp range 25.3–45°C (gas saturation, Kim et al. 1984)
0.0064 (20°C, extrapolated-Clausius-Clapeyron eq. with vapor pressures at several temp, Kim et al. 1984)
0.0024 (20°C, GC-RT correlation, Kim et al. 1984; Kim 1985)
9.7 × 10–5 (20°C, Hartley & Kidd 1987; Worthing & Hance 1991)
0.014* (gas saturation-GC, measured range 25–125°C, Rordorf 1989)
log (PL/Pa) = 13.482 – 4571.2/(T/K); measured range 32.4–140°C (liquid, gas saturation-GC, Rordorf 1989)
0.020 (GC-RT correlation, supercooled liquid value, Hinckley et al. 1990)
0.008 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.0113 (20°C, Montgomery 1993) 
0.012 (20°C, Tomlin 1994)
0.0123 (liquid PL, GC-RT correlation, Donovan 1996)
0.011 (gradient GC method; Tsuzuki 2000)
0.011; 0.0339, 0.0513 (gradient GC method; estimation using modified Watson method: Sugden’s parachor,

McGowan’s parachor, Tsuzuki 2000)
0.014, 0.0073 (supercooled liquid PL: literature-derived value LDV, final adjusted value FAV, Muir et al.

2004)

Henry’s Law Constant (Pa m3/mol at 25°C or as indicated. Additional data at other temperatures designated * are 
compiled at the end of this section):

0.074 (20°C, volatilization rate, Burkhard & Guth 1981)
0.0114 (calculated, Adachi et al. 1984)
0.124 (calculated-P/C, Jury et al. 1984, 1987a; Jury & Ghodrati 1989)
0.0114 (23°C, wetted-wall column-GC/ECD, Fendinger & Glotfelty 1988)
0.0669 (20°C, calculated-P/C, Suntio et al. 1988)
0.1438 (calculated-P/C, Taylor & Glotfelty 1988)
0.0138, 0.0101 (22–24°C, fog chamber-GC/ECD: drain water, cyclone water, Fendinger et al. 1989)
0.007 (calculated-bond contribution method LWAPC, Meylan & Howard 1991) 
0.0114 (20°C, calculated-P/C, Montgomery 1993)
0.0406 (calculated-P/C, this work)
0.0338* (20°C, gas stripping-GC/MS, measured range 283–301 K, Feigenbrugel et al. 2004)
H′/(M atm–1) = (7.2 ± 0.5) × 10–15 exp[(11900 ± 700)/(T/K)]; temp range 283–310 K (Arrhenius eq., gas strip-

ping-GC/MS, Feigenbrugel et al. 2004)
0.0108, 0.0216 (literature-derived value LDV, final adjusted value FAV, Muir et al. 2004)

Octanol/Water Partition Coefficient, log KOW: 

3.02 (Rao & Davidson 1980)
3.11 (shake flask-UV, Lord et al. 1980)
3.11 (20°C, shake flask-UV, Briggs 1981)
3.14 (shake flask-GC, Kanazawa 1980, 1981)
3.81 (shake flask-GC, Bowman & Sans 1983b)
1.92 (Veith & Kosian 1983)
3.02 (shake flask, Log P Database, Hansch & Leo 1987)
3.02–3.81 (Montgomery 1993)
3.70 (RP-HPLC-RT correlation, Saito et al. 1993)
3.58 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
3.30 (Tomlin 1994)
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3.81 (recommended, Hansch et al. 1995)
3.58 (RP-HPLC-RT correlation, Finizio et al. 1997)
4.23 (RP-HPLC-RT correlation, Nakamura et al. 2001)
3.81 (literature-derived value LDV, Muir et al. 2004)

Octanol/Air Partition Coefficient, log KOA: 

8.87 (final adjusted value FAV, Muir et al. 2004)

Bioconcentration Factor, log BCF:

2.39 (motsugo, Kanazawa 1975)
1.54 (fish in flowing water, Alison & Hermanutz 1977)
2.18, 1.56 (topmouth gudugeon, silver crucian carp, Kanazawa 1978, 1981)
1.81; 1.24 (carp; guppy, Kanazawa 1978)
0.69, 1.23, 0.77 (crayfish, red snail, pond snail, Kanazawa 1978)
1.83; 0.954 (fish; invertebrates, Kanazawa 1978)
1.89 (calculated-S, Kenaga 1980)
2.75 (earthworms, Lord et al. 1980)
2.08, 1.80 (carp, rainbow trout, Seguchi & Asaka 1981)
1.41, 0.477 (loach, shrimp, Seguchi & Asaka 1981)
1.81; 1.24; 2.18 (carp; guppy; topmouth gudgeon, Veith & Kosian 1983)
2.32 (topmouth gudgeon, Kanazawa 1983) 
2.30 (sheepshead minnow, Zaroogian et al. 1985)
1.46 (Isnard & Lambert 1988)
–0.59 (vegetation, correlated-KOW, Nash 1974)
2.39 (willow shiner, Tsuda et al. 1989; Tsuda et al. 1992)
1.81, 2.08 (carp, De Bruijn & Hermens 1991)
1.38, 1.81, 1.81 (loach, motsugo, rainbow trout, De Bruijn & Hermens 1991)
2.16–2.33 (sheepshead minnow, De Bruijn & Hermens 1991)
1.56, 2.18 (silver crucian carp, topmouth gudgeon, De Bruijn & Hermens 1991)
2.18, 1.79 (pale chub, ayu sweetfish, calculated-field data, Tsuda et al. 1992)
3.20 (eel, Sancho et al. 1993)
2.02 (killifish Oryzias latipes, after 24–72 h exposure, Tsuda et al. 1995)
1.34, 1.45 (Oryzias latipes, Tsuda et al. 1995; quoted, Devillers et al. 1996)

Sorption Partition Coefficient, log KOC: 

2.76 (calculated-S as per Kenaga & Goring 1978, Kenaga)
2.93 (Rao & Davidson 1980)
2.28, 2.40 (average of 3 soils, 1 sediment, Sharom et al. 1980)
2.36 (soil, sorption isotherm, converted from reported log KOM of 2.12, Briggs 1981)
2.36 (estimated, Lyman et al. 1982; quoted, Howard 1991; Lohninger 1994)
2.93 (screening model calculations, Jury et al. 1987b; Jury & Ghodrati 1989)
2.40 (average of 2 soils, Kanazawa 1989)
2.12, 3.27 (reported, estimated as log KOM, Magee 1991)
2.75, 3.13 (soil, quoted exptl., calculated-χ and fragment contribution, Meylan et al. 1992)
3.00 (soil, 20–25°C, estimated, Wauchope et al. 1992; Hornsby et al. 1996)
2.76 (soil, average value, Dowd et al. 1993)
3.00–3.27 (Montgomery 1993) 
2.75 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.75, 3.05 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)
2.74, 2.64, 2.90 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, 0.1 ≤ OC < 0.5%, average, Delle Site 2001)
3.12–3.16 (sediments from San Diego Creek and Bonita Creek, shake flask-GC, Bondarenko & Gan 2004)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: mostly dissipated through volatilization with t½ = 19 d from soil (Glotfelty et al. 1990).
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Photolysis: calculated t½ = 15 d for photolysis in an aqueous buffer solution at pH 7 and 25°C under UV light
for 24 h (Burkhard & Guth 1979; quoted, Montgomery 1993); 
t½ = 41 d without addition of humic substances; t½ = 9 d and t½ = 5 d with concn of humic acid 20 mg/L

and 50 mg/L, respectively, under light intensity λ ≥ 290 nm (Mansour & Feicht 1994)
Photodegradation (λ > 290 nm) half-lives in various diazinon aqueous solutions: t½ ~ 1 d river water exposed

to sunlight, t½ ~ 5 d lake water exposed to sunlight and t½ ~ 5.5 d with humic acid exposed to sunlight
(Mansour et al. 1997) 
photolytic k = 2.39 × 10–3 h–1 with t½ = 290 h in moist sandy soil, k = 6.62 × 10–5 h–1 with t½ = 10500 h in

dry sandy soil; k = 2.55 × 10–3 h–1 in moist sandy loam (Graebing & Chib 2004)
Oxidation: photooxidation t½ = 4.1 h in air, estimated from the vapor-phase reaction with 5 × 105 hydroxyl

radicals/m3 in air at 25°C (Martin & Worthing 1977; quoted, Howard 1991).
kOH = 9.7 × 10–11 cm3 molecule–1 s–1 at 298 K in gas phase with atmospheric lifetime of 4.1 h but reduced

to .19 h at 283 K; log kOH(aq.) = 8.2 × 109 M–1 s–1 in aqueous phase (Feigenbrugel et al. 2004) 
Hydrolysis: 

k(acid) = 2.1 × 10–2 M–1 s–1 for acid catalyzed hydrolysis, k(neutral) = 4.3 × 10–8 M–1 s–1 for neutral hydrolysis
and k(alkaline) = 5.3 × 10–3 M–1 s–1 for base catalyzed hydrolysis with 10–5 M in aqueous buffer (Faust
& Gomaa 1972; quoted, Freed 1976; Harris 1982) 

t½ = 11.77 h at pH 3.1, t½ = 185 d at pH 7.4 and t½ = 6.0 d at pH 10.4 in water at 20°C (Worthing & Hance
1991; Tomlin 1994) 

t½ = 11.77 h at pH 3.1, t½ = 185 d at pH 7.4, t½ = 136 d at pH 9.0, and t½ = 6 d at pH 10.4 at 20°C
(Montgomery 1993).

Biodegradation:
half-lives t½ = 4.91 d at pH 3.1 and t½ = 185 d at pH 7.4 from river die-away tests (Gomaa et al. 1969;

quoted, Scow 1982) 
t½ = 12.5 wk in sterile soils and t½ < 1 wk in nonsterile soils; t½ = 6.5 wk in sterile sandy loam and t½ = 2 wk

in nonsterile sandy loam (Miles et al. 1979; quoted, Howard 1991) 
t½ = 32 d in 0–10 cm depth of soil by 100 d leaching screening test (Rao & Davidson 1980; quoted, Jury

et al. 1983, 1984, 1987a, b; Jury & Ghodrati 1989)
k = 0.023 d–1 with estimated first-order t½ = 30 d in soil incubation studies by soil die-away test (Rao &

Davidson 1980; quoted, Scow 1982)
k(av.) = 0.0193 d–1 in silty clay with t½ = 36 d; and k(av.) = 0.0245 d–1 in sandy clay with t½ = 28 d (Sattar 1990)

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k2 = 0.070 h–1 (willow shiner, Tsuda et al. 1989)
k2 = 0.023 h–1 (eel’s liver, Sancho et al. 1993)
k2 = 0.019 h–1 (eel’s muscle, Sancho et al. 1993)
k2 = 0.21 h–1 (killifish Oryzias latipes, Tsuda et al. 1995)

Half-Lives in the Environment:

Air: photooxidation t½ = 4.1 h, estimated from the vapor-phase reaction with 5 × 105 hydroxyl radicals/m3 in air
at 25°C (Martin & Worthing 1977; quoted, Howard 1991).

Surface water: photolysis t½ = 41 d without humic substances; t½ = 13 d and 5 d with concn of humic acid
20 mg/L and 50 mg/L, respectively, under light intensity λ ≥ 290 nm (Mansour & Feicht 1994);
t½ = 144 d at 6°C, t½ = 69 d at 22°C in darkness for Milli-Q water; t½ = 181 d at 6°C, t½ = 80 d at 22°C in

darkness, t½ = 43 d under sunlight conditions for river water at pH 7.3; t½ = 132 d at 6°C, t½ = 52 d at
22°C in darkness for filtered river water at pH 7.3; t½ = 125 d at 6°C, t½ = 50 d at 22°C in darkness,
t½ = 47 d under sunlight conditions for seawater, pH 8.1 (Lartiges & Garrigues 1995). 

Ground water:
Sediment: first-order degradation k = 0.048 d–1 with t½ = 14.4 d under aerobic conditions, k = 0.022 d–1 with

t½ = 31.7 d under anaerobic conditions in sediment from San Diego Creek, Orange County, CA; first-order
degradation k = 0.033 d–1 with t½ = 21.1 d under aerobic conditions, k = 0.029 d–1 with t½ = 23.7 d under
anaerobic conditions in sediment from Bonita Creek, Orange County, CA (Bondarendo & Gan 2004)

Soil: t½ = 43.8 d in sterile soil at pH 4.7 (Sethunathan & MacRae 1969; quoted, Montgomery 1993); 
estimated persistence of 12 wk in soil (Kearney et al. 1969; Edwards 1973; quoted, Morrill et al. 1982; Jury

et al. 1987a); 
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persistence of 3 months (Wauchope 1978); 
t½ = 12.5 wk in sterile sandy loam and t½ < 1.0 wk in nonsterile sandy loam; t½ = 6.5 wk in sterile organic

soil and t½ = 2.0 wk in nonsterile organic soil (Miles et al. 1979); 
estimated first-order t½ = 30 d in soil from biodegradation rate constant k = 0.023 d–1 for soil incubation

studies by soil die-away test (Rao & Davidson 1980; quoted, Scow 1982); 
moderate persistent in soil with t½ = 20–100 d (Willis & McDowell 1982); 
t½ = 32 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989); 
dissipation t½ = 19 d in soil (Glotfelty et al. 1990); 
av. degradation rate constant k = 0.0193 d–1 in silty clay with t½ = 36 d and average degradation rate constant

k = 0.0245 d–1 in sandy clay with t½ = 28 d (Sattar 1990)
selected field t½ = 40 d (Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996); 
soil t½ = 65 d (Pait et al. 1992)
t½ = 40 d (selected, Halfon et al. 1996)
On sandy soil: first-order rate constants for photolytic decline, k = 5.45 × 10–3 h–1 with t½ = 130 h irradiated

in moisture-maintained soil, k = 0.84 × 10–3 h–1 with t½ = 830 h irradiated in air-dried soil, k = 3.06 × 10–3

h–1 with t½ = 230 h in dark control moist soil and k = 0.77 × 10–3 h–1 with t½ = 900 h in dark control air-
dried sandy soil from Sauk County, WI. The photolytic k = 2.39 × 10–3 h–1 with t½ = 290 h in moist soil,
k = 6.62 × 10–5 h–1 with t½ = 10500 h in dry soil. The contribution of moisture to irradiated metabolism
k = 4.61 × 10–3 h–1 with t½ = 150 h, but for dark control system for k = 2.29 × 10–5 h–1 with t½ = 300 h
(Graebing & Chib 2004) 

On sandy loam soil: first-order rate constants for photolytic decline, k = 4.07 × 10–3 h–1 irradiated in moisture-
maintained soil, k = 1.07 × 10–3 h–1 irradiated in air-dried soil, k = 1.52 × 10–3 h–1 in dark control moist
soil and no degradation in dark control air-dried sandy loam soil from Madia, CA. t½ = 120 h for the
first 96 h irradiation; over all t½(calc) = 200 h from 96–168 h but in dark control system t½ = 460 h in
moist sandy loam soil; irradiated metabolism t½ = 650 h in dry sandy loam soils. Rate constants due to
photolysis k = 2.55 × 10–3 h, and due to moisture k = 3.0 × 10–3 h in moist sandy loam soil (Graebing
& Chib 2004)

Biota: biochemical t½ = 32 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989);
excretion t½ = 9.9 h by willow shiner (Tsuda et al. 1989) 
t½ = 25 h in eel’s liver and t½ = 26 h in eel’s muscle (Sancho et al. 1993)

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3809

TABLE 18.1.1.27.1
Reported vapor pressures and Henry’s law constants of diazinon at various
temperatures

Vapor pressure Henry’s law constant

Kim et al. 1984, Kim 1985 Rordorf 1989 Feigenbrugel et al. 2004

gas saturation-GC gas saturation-GC gas stripping-GC/MS

t/°C P/Pa t/°C P/Pa t/°C H/(Pa m3/mol)

25.3 0.0113 25 0.014 283.05 8.515 × 10–3

34.9 0.0299 50 0.22 283.15 9.128 × 10–3

45.0 0.0770 75 2.20 283.15 8.515 × 10–3

20.0 0.0064 100 17.0 283.55 8.465 × 10–3

25.0 0.0109 125 100 287.55 0.0138
291.55 0.0166

log P = A – B/(T/K) log P = A – B/(T/K) 293.05 0.0281
P/mmHg P/Pa 293.05 0.0390

A 9.3871 A 13.482 293.15 0.0349
B 4014.67 B 4571.2 293.15 0.0375

293.25 0.0298
293.25 0.0281
295.35 0.0441
297.55 0.0675
299.45 0.0921
301.45 0.101325

ln H = A – B/(T/K)
H′/(M/atm)

A –32.5647
B 11900

FIGURE 18.1.1.27.1 Logarithm of vapor pressure versus reciprocal temperature for diazinon.

Diazinon: vapor pressure vs. 1/T
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FIGURE 18.1.1.27.2 Logarithm of Henry’s law constant versus reciprocal temperature for diazinon.

Diazinon: Henry's law constant vs. 1/T
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18.1.1.28 Dichlorvos

Common Name: Dichlorvos
Synonym: Apavap, Astrobot, Atgard, Bay 19149, Benfos, Bibesol, Brevinyl, Canogard, Cekusan, Chlorvinphos,

Cyanophos, Cypona, DDVF, DDVP, Dedevap, Deriban, Derribante, Devikol, Dichlorman, Dichlorophos, Divipan,
Duo-kill, Duravos, ENT 20738, Equigard, Equigel, Estrosel, Estrosol, Fecama, Fly-die, Fly fighter, Herkal, Herkol,
Krecalvin, Lindan, Mafu, Mafu strip, Marvex, Mopari, NA 2783, Nerkol, Nogos, No-pest, Nuva, Nuvan, Oko, OMS
14, Phosvit, SD-1750, Szklarniak, Tap 9VP, Task, Tenac, Tetravos, UDVF, Unifos, Vapona, Vaponite, Vapora II,
Verdican, Verdipor, Vinylofos, Vinylophos

Chemical Name: 2,2-dichlorovinyl-O,O-dimethyl phosphate; 2,2-dichloroethenyl-O,O-dimethyl phosphate
Uses: insecticide and fumigant to control flies, mosquitoes, and moths; also used as acaricide.
CAS Registry No: 62-73-7
Molecular Formula: C4H7Cl2O4P
Molecular Weight: 220.976
Melting Point (°C): 

colorless to amber liquid (Hartley & Kidd 1987)
Boiling Point (°C):

35, 74, 117 (at 0.05, 1.0, 10 mmHg, Hartley & Kidd 1987; Worthing & Hance 1991)
234.1 (Tomlin 1994)

Density (g/cm3 at 20°C):
1.415 (25°C, Spencer 1982; Hartley & Kidd 1987; Montgomery 1993; Milne 1995) 
1.420 (25°C, Worthing & Hance 1991)
1.425 (Tomlin 1994)
1.440 (Montgomery 1993)

Molar Volume (cm3/mol):
167.5 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

10000 (Günther et al. 1968; Melnikov 1971; Kenaga 1980a; Khan 1980; Spencer 1982)
10000 (Martin & Worthing 1977; Worthing 1979; Worthing & Walker 1987)
10000 (20°C, Hartley & Kidd 1987; Worthing & Hance 1991; Milne 1995) 
16000 (Kawamoto & Urano 1989)
16000 (20°C, Montgomery 1993)
10000 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996) 
8000 (Tomlin 1994)

Vapor Pressure (Pa at 25°C or as indicated. Additional data at other temperatures designated * are compiled at the 
end of this section):

1.60 (20°C, Eichler 1965; Wolfdietrich 1965)
1.60 (20°C, Melnikov 1971; Hartley & Graham-Bryce 1980; Spencer 1982; Montgomery 1993) 
1.60* (20°C, evaporation rate-gravimetric method, measured range 293–333 K, Gückel et al. 1973)
1.60 (Khan 1980; Brouwer et al. 1994)
log (P/mmHg) = 9.9081 – 3464/(T/K); temp range not specified (quoted from literature, Gückel et al. 1982)
0.947* (20°C, evaporate rate-gravimetric method, measured range 20–60°C, Gückel et al. 1982)
7.026 (gas saturation-GC, Kim et al. 1984)
4.011 (20, 25°C, extrapolated-Clausius-Clapeyron eq., Kim et al. 1984)

O
P

O O
Cl

Cl

O
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0.67 (20°C, GC-RT correlation, Kim et al. 1984; Kim 1985)
1.60, 3.90 (20°C, 30°C, Hartley & Kidd 1987) 
7.0 (20°C, selected, Suntio et al. 1988) 
0.29 (20°C, Worthing & Hance 1991)
0.267 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
2.10 (Tomlin 1994)
7.94 (gradient GC method; Tsuzuki 2000)
6.92; 8.51, 5.62 (gradient GC method; estimation using modified Watson method: Sugden’s parachor, McGowan’s

parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated. Additional data at other temperatures designated * are 
compiled at the end of this section):

0.190 (20°C, calculated-P/C, Suntio et al. 1988)
0.097 (calculated-P/C, Howard 1991)
506.5 (Montgomery 1993)
0.194 (calculated-P/C, this work)
0.0253* (gas stripping-GC/MS, measured range 10–25°C, Gautier et al. 2003)
ln [H′/(M atm–1)] = –28.904 + 11100/(T/K); temp range 283.5–298.15 K (Arrhenius eq., gas stripping-GC/MS,

Gautier et al. 2003)

Octanol/Water Partition Coefficient, log KOW:

1.40 (Leo et al. 1971; Hansch & Leo 1979)
2.29 (Rao & Davidson 1980)
1.47 (shake flask-GC, Bowman & Sans 1983)
1.16 (HPLC-RT correlation, Kawamoto & Urano 1989)
1.40–2.29 (Montgomery 1993)
1.73 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
1.43 (recommended, Sangster 1993)
1.90 (Tomlin 1994)
1.42 (selected, Hansch et al. 1995)
1.73 (RP-HPLC-RT correlation, Finizio et al. 1997)

Bioconcentration Factor, log BCF:

0.477 (calculated-S, Kenaga 1980a; quoted, Howard 1991)
–0.097 (whole body willow shiner after 24–168 h exposure, Tsuda et al. 1992; quoted, Devillers et al. 1996)
< –0.30 (whole body carp, Tsuda et al. 1993)

Sorption Partition Coefficient, log KOC: 

1.45 (soil, calculated-S, Kenaga 1980a; quoted, Howard 1991)
1.67 (correlated, Kawamoto & Urano 1989)
1.70 (calculated, Montgomery 1993)
1.48 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
1.67; 2.98, 2.04 (soil, quoted exptl.; estimated-class-specific model, estimated-general model, Gramatica et al.

2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: based on the Henry’s law constant, t½ ~ 57 d from a model river (Lyman et al. 1982; quoted,
Howard 1991); 
t½ ~ 400 yr from an model pond, which considered the effect of adsorption (Howard 1991).

Photolysis:
Oxidation: rate constant k, for gas-phase second order rate Constants, kOH for reaction with OH radical, kNO3

with NO3 radical and kO3 with O3 or as indicated, *data at other temperatures see reference:
atmospheric t½ = 320 d, based on an estimated rate constant kO3 = 3.58 × 10–20 cm3·molecule–1 s–1 at 25°C

for the vapor-phase reaction with ozone of concn 7 × 1011/cm3 in air (Atkinson & Carter 1984; quoted,
Howard 1991)
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atmospheric t½ = 2 d, based on an estimated rate constant kOH = 9.24 × 10–12 cm3 molecule–1 s–1 at 25°C for
the vapor-phase reaction with hydroxyl radical of 5 × 105/cm3 in air (Atkinson 1987; quoted, Howard
1991).

kOH = 9.4 × 10–12 cm3·molecule–1 s–1 with calculated tropospheric lifetime about 1.2 d at 298 K assuming
an average OH concn of 1 × 106 molecule/cm3 (Gautier et al. 2003)

Hydrolysis: t½ = 462 min at pH 7 and t½ = 30 min at pH 8 (Montgomery 1993); 
t½ ~ 31.9 d at pH 4, t½ ~ 2.9 d at pH 7, and t½ ~ 2.0 d at pH 9 at 22°C (Tomlin 1994)
t½ = 3800 d at pH 7 in natural waters (Capel & Larson 1995).

Biodegradation: the presence of active microorganisms reduced the t½ = 0.9–0.75 and 0.85 to 0.70 d in autoclaved
clay and calcareous soil, respectively (Guirguis & Shafik 1975; quoted, Howard 1991); 
rate constant k(aerobic) = 0.20 d–1 with t½ = 3.5 d at 20°C by aerobic activated sludge, and k(anaerobic) =

0.20 d–1 with t½ = 3.5 d at 20°C by anaerobic microorganisms (batch contacting method, Kawamoto &
Urano 1990).

t½(aerobic) = 180 d, t½(anaerobic) = 1 d in natural waters (Capel & Larson 1995)
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants

Half-Lives in the Environment:

Air: t½ = 320 d, based on an estimated rate constant k = 3.58 × 10–20 cm3 molecule–1 s–1 at 25°C for the vapor-
phase reaction with ozone of 7 × 1011/cm3 in air (Atkinson & Carter 1984; quoted, Howard 1991)
atmospheric t½ = 2 d, based on an estimated rate constant k =.24 × 10–12 cm3 molecule–1 s–1 at 25°C for the

vapor-phase reaction with hydroxyl radical of 5 × 105/cm3 in air (Atkinson 1987; quoted, Howard 1991)
atmospheric transformation lifetime was estimated to be <1 d (Kelly et al. 1994)
Calculated tropospheric lifetime of 0.5 d for reaction with OH radicals, wet deposition lifetime estimated

to be 5.6 d in the atmosphere by rainfall (Gautier et al. 2003)
Surface water: half-lives in lakes and rivers are reported to be approximately 4 d (Lamoreaux & Newland 1978;

quoted, Howard 1991)
Biodegradation t½ = 3.5 d by aerobic activated sludge or anaerobic microorganisms cultivated by a an

artificial sewage (Kawamoto & Urano 1990)
Biodegradation t½(aerobic) = 180 d, t½(anaerobic) = 1 d, hydrolysis t½ = 3800 d at pH 7 in natural waters

(Capel & Larson 1995)
Ground water:
Sediment:
Soil: average degradation rate constant k = 0.0423 d–1 in silty clay with t½ = 16 d and average degradation rate

constant k = 0.0444 d–1 in sandy clay with t½ = 16 d (Sattar 1990); 
selected field t½ = 0.5 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996).

Biota:
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TABLE 18.1.1.28.1
Reported vapor pressures and Henry’s law constants of dichlorvos at various
temperatures

Vapor pressure Henry’s law constant

Gückel et al. 1973 Gückel et al. 1982 Gautier et al. 2003

evaporation rate evaporation rate gas stripping-GC/MS

t/°C P/Pa t/°C P/Pa t/°C H/(Pa m3/mol)

20 1.60 20 0.947 10 0.00322
30 4.0 40 7.30 10 0.00367
40 9.33 60 40.0 11 0.00378
50 - 12 0.00520
60 - 12 0.00504

15 0.00209
18 0.0109
20 0.0151
20 0.0163
22.5 0.0181
23 0.0230
25 0.0230
25 0.0247
25 0.0289
20.0 0.0253

Arrhenius expression:
ln H=/(M atm–1) = –A + B/(T/K)

A 28.904
B 11100

FIGURE 18.1.1.28.1 Logarithm of vapor pressure versus reciprocal temperature for dichlorvos.

Dichlorvos: vapor pressure vs. 1/T
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FIGURE 18.1.1.28.2 Logarithm of Henry’s law constant versus reciprocal temperature for dichlorvos.

Dichlorvos: Henry's law constant vs. 1/T
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18.1.1.29 Dicrotophos

Common Name: Dicrotophos
Synonym: Bidirl, Bidrin, C 709, Cabicron, Carbomicron, CIBA 709, Diapadrin, Dicrotofos, Ektafos, ENT 24,482,

Karbicron, Shell SD-3562
Chemical Name: (E)-2-dimethylcarbamoyl-1-methylvinyl dimethyl phosphate; (E)-3-(diethylamino)-1-methyl-3-oxo-

1-propenyl dimethyl phosphate
Uses: contact and systemic insecticide and acaricide to control pests on rice, cotton, maize, soybeans, coffee, citrus,

and potatoes.
CAS Registry No: 141-66-2 cis-dicrotophos
Molecular Formula: C8H16NO5P′
Molecular Weight: 237.191
Melting Point (°C): liquid
Boiling Point (°C): 

130 (at 0.1 mmHg, Worthing & Hance 1991; Montgomery 1993; Milne 1995)
400 (Tomlin 1994; Milne 1995)

Density (g/cm3 at 20°C):
1.216 (Hartley & Kidd 1987) 
1.216 (15°C, Merck Index 1989; Milne 1995)
1.21 (technical grade, Worthing & Hance 1991)
1.216 (Worthing & Hance 1991; Montgomery 1993; Tomlin 1994)

Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C):

miscible (Spencer 1973)
miscible (Hartley & Kidd 1987; Budavari 1989; Milne 1995) 
miscible (Worthing & Walker 1987; Montgomery 1993; Tomlin 1994)
1000000 (20–25°C, estimated, Wauchope et al. 1992; Hornsby et al. 1996) 

Vapor Pressure (Pa at 25°Cor as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

0.0115* (20°C, extrapolated, gas saturation-GC, measured range 32.3–77°C, Grayson & Fosbracey 1982)
ln (P/Pa) = 21.6 –7631/(T/K); temp range 32.3–77°C, (Antoine eq., gas saturation-GC, Grayson & Fosbracey

1982)
0.0093 (20°C, Hartley & Kidd 1987) 
0.0093 (20°C, Worthing & Hance 1991; Montgomery 1993; Tomlin 1994)
0.0213 (20–25°C, estimated, Wauchope et al. 1992; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C):

5.05 × 10–6 (20–25°C, calculated-P/C) 

Octanol/Water Partition Coefficient, log KOW:

–0.260 (calculated as per Broto et al. 1984, Karcher & Devillers 1990)
–0.49 (shake flask, Log P Database, Hansch & Leo 1987)
–0.49 (recommended, Sangster 1993)
–0.50 (Montgomery 1993)

0.0 (Hansch et al. 1995)

NO
P

O

OO
O
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Bioconcentration Factor, log BCF:

Sorption Partition Coefficient, log KOC: 

1.88 (soil, 20–25°C, estimated, Wauchope et al. 1992; Hornsby et al. 1996)
1.04–2.27 (Montgomery 1993)
1.66 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
1.66; 1.49, 1.67 (soil, quoted exptl.; estimated-class-specific model, estimated-general model, Gramatica et al.

2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Hydrolysis: t½ = 117, 72, and 28 d in buffer solutions of pH 5, 7, and 9, respectively, at 25°C (Lee et al. 1989;
quoted, Montgomery 1993); 
calculated t½ = 88 d in water at 20°C at pH 5 and = 23 d at pH 9 (Worthing & Hance 1991; Montgomery

1993; Tomlin 1994).

Half-Lives in the Environment:

Soil: t½ = 3 d in sandy loam soil (Lee et al. 1989; quoted, Montgomery 1993); 
selected field t½ = 20 d (Wauchope et al. 1992; Hornsby et al. 1996).

TABLE 18.1.1.29.1
Reported vapor pressures of dicrotophos 
at various temperatures

Grayson & Fosbracey 1982

gas saturation-GC

t/°C P/Pa

32.3 0.034
33.7 0.036
41.0 0.055
45.2 0.106
51.0 0.136
60.1 0.287
65.8 0.405
69.5 0.424
77.0 0.820
30 0.0115

ln P = A – B/(T/K)
P/Pa

A 7631
B 21.6
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FIGURE 18.1.1.29.1 Logarithm of vapor pressure versus reciprocal temperature for dicrotophos.

Dicrotophos: vapor pressure vs. 1/T
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18.1.1.30 Dieldrin

Common Name: Dieldrin
Synonym: Aldren, Alvit, Alyran, Compound 497, Dieldrite, Dieldrix, Dorytox, ENT 16225, HEOD, Illoxol, Insectlack,

Kombi-Albertan, NA 2761, NCI-C00124, Octalox, Panoram D-31, Quintox 
Chemical Name: 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8, 8a-octahydroendo-1,4-exo-5,8-dimethano-naph-

thalene; 3,4,5,6,9,9-hexachloro-1a,2,2a,3,6,6a,7,7a-octahydro-2,7:3,6-dimethanonaphth[2,3-b]oxirene
Uses: insecticide to control public health insect pests, termites, locusts, and tropical disease vectors.
CAS Registry No: 60-57-1
Molecular Formula: C12H8Cl6O
Molecular Weight: 380.909
Melting Point (°C):

175.5 (Lide 2003)
Boiling Point (°C):

265, 352, 404 (estimated from structure, Tucker et al. 1983)
Density (g/cm3 at 20°C): 

1.75 (Hartley & Kidd 1987; Montgomery 1993)
Molar Volume (cm3/mol):

318.2 (calculated-Le Bas method at normal boiling point)
253.6 (Ruelle & Kesselring 1997)

Dissociation Constant, pKa:
Enthalpy of Vaporization, ∆HV (kJ/mol):

76.6 (Rordorf 1989)
Enthalpy of Fusion, ∆Hfus (kJ/mol):

21.4 (Rordorf 1989)
18.41 (Ruelle & Kesselring 1997)

Entropy of Fusion, ∆Sfus (J/mol K):
41.34, 48.12 (Plato 1972)
47 (Rordorf 1989)
44.77 (Hinckley et al. 1990)

Fugacity Ratio at 25°C (assuming ∆Sfus = 56 K/mol K), F: 
0.026 (20°C, Suntio et al. 1988) 
0.033 (Mackay et al. 1986)

Water Solubility (g/m3 or mg/L at 25°C or as indicated. Additional data at other temperatures designated * are 
compiled at the end of this section):

0.19 (colorimetric method, Lipke & Kearns 1960)
0.25* (shake flask-GC/UV, measured range 25–45°, Richardson & Miller 1960)
0.14–0.18 (particle size of 0.04–5.0µ, shake flask-GC, Robeck et al. 1965)
0.15 (Eye 1968; quoted, Freed 1976; Jury et al. 1983,84)
0.20 (Günther et al. 1968)
0.186 (25–29°C, shake flask-GC/ECD, Park & Bruce 1968)
0.022 (Biggar & Riggs 1974)
0.195* (particle size of ≤ 5.0µ, shake flask-GC/ECD, measured range 15–45°C, Biggar & Riggs 1974)
0.022*, 0.15*, 0.195* (particle size: 0.01, 0.05 & 5.0µ; shake flask-GC/ECD, measured range 15–45°C, Biggar

& Riggs 1974)
0.20 (generator column-GC/ECD, Weil et al. 1974)
0.187 (Martin & Worthing 1977; Worthing & Walker 1987)
0.10–0.25 (Wauchope 1978)

O
Cl
Cl Cl

Cl

ClCl
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0.022 (Kenaga 1980a, b; Garten & Trabalka 1983; Isnard & Lambert 1989)
0.10 (Weber et al. 1980; Eadie & Robbins 1987)
0.468 (20–25°C, shake flask-GC, Kanazawa 1981)
0.19 (20°C, Hartley & Kidd 1987)
0.14, 0.20 (20°C, 30°C, Montgomery 1993)
0.20 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996) 
4.57, 4.95 (supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted value, Shen &

Wania 2005)
log [CL/(mol m–3)] = –1158/(T/K) + 1.94 (supercooled liquid, linear regression of literature data, Shen & Wania

2005)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

1.04 × 10–4 (20°C, Porter 1964)
1.04 × 10–4, 1.91 × 10–4, 3.65 × 10–4 (20, 30, 40°C, effusion method, Porter 1964 as quoted in Spencer & Cliath

1969)
2.40 × 10–5 (Eichler 1965; Martin 1972; Melnikov 1971)
3.47 × 10–4, 1.33 × 10–3, 4.63 × 10–3 (20, 30, 40°C, gas saturation method, Spencer & Cliath 1969)
6.59 × 10–4 (calculated from vapor pressure eq. apparent vapor pressure, Spencer & Cliath 1969)
log (P/mmHg) = 12.07 –5178/(T/K); for temp range 20–40°C (gas saturation, apparent vapor pressure, Spencer &

Cliath 1969)
6.77 × 10–4 (gas saturation, Spencer & Cliath 1969)
3.87 × 10–4 (20°C, partition coeff., Atkins & Eggleton 1971)
4.13 × 10–4 (20°C, Khan 1980) 
2.40 × 10–5 (20–25°C, Weber et al. 1980)
8.90 × 10–4 (20°C, GC, Seiber et al. 1981)
4.20 × 10–4* (20°C, gas saturation-GC, extrapolated, measured range 35–75°C, Grayson & Fosbracey 1982)
ln (P/Pa) = 30.7 – 11285/(T/K); temp range 35 to 75.2°C (Antoine eq., gas saturation-GC, Grayson & Fosbracey 1982)
0.00532, 0.0597 (PGC by GC-RT correlation, different stationary phases, Bidleman 1984)
0.0215 (supercooled liquid PL, converted from literature PS with ∆Sfus Bidleman 1984)
4.00 × 10–4 (20°C, Hartley & Kidd 1987)
7.90 × 10–4* (gas saturation-GC, measured range 25–125°C, Rordorf 1989)
log (PS/Pa) = 14.37 – 5210.07/(T/K); measured range 32.4–125°C (solid, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 11.66013 – 4001.62/(T/K); temp range not specified (liquid, gas saturation-GC, Rordorf 1989)
0.0215, 0.0101 (supercooled PL, converted from literature PS with different ∆Sfus values, Hinckley et al. 1990) 
0.00532, 0.0318 (PGC by GC-RT correlation with different reference standards, Hinckley et al. 1990)
log (PL/Pa) = 12.46 – 4310/(T/K) (GC-RT correlation, supercooled liquid, Hinckley et al. 1990)
2.37 × 10–5 (20°C, Montgomery 1993)
4.00 × 10–4 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
0.010 (supercooled liquid PL, Wania & Mackay 1996)
3.24 × 10–4 (liquid PL, GC-RT correlation., Donovan 1996)
0.016, 0.014 (supercooled liquid PL: LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)
log (PL/Pa) = –3995/(T/K) + 11.62 (supercooled liquid, linear regression of literature data, Shen & Wania 2005)

Henry’s Law Constant (Pa·m3/mol at 25°C):

4.59 (gas stripping, Atkins & Eggleton 1971)
0.02 (calculated-P/C, Mackay & Leinonen 1975)
0.0171 (20°C, calculated-P/C, Kavanaugh & Trussell 1980)
5.84 (exptl., Warner et al. 1980)
0.0456 (calculated-P/C, Levins 1981)
1.10 (20°C, Mackay & Shiu 1981)
2.94 (20°C, measured, Slater & Spedding 1981)
0.172 (estimated-group method per Hine & Mookerjee 1975, Tucker et al. 1983)
1.66 (calculated-P/C, Jury et al. 1984, 1987a; Jury & Ghodrati 1989)
0.78 (calculated-P/C, Mackay et al. 1986)
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0.74 (WERL Treatability Database, quoted, Ryan et al. 1988)
1.12 (20°C, calculated-P/C, Suntio et al. 1988)
1.0 (calculated-P/C, Nash 1989)
5.88 (Montgomery 1993)
1.016 (wetted wall column-GC, Altschuh et al. 1999)
1.0, 1.1 (LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW:

2.60 (Hansch & Leo 1979)
5.48 (calculated, Kenaga 1980a, b)
6.20 (TLC-retention time correlation, Lord et al. 1980)
4.32 (shake flask-GC, Kanazawa 1981)
6.20 (20°C, shake flask-GC, Briggs 1981)
5.11 (HPLC-RT correlation, Hammers et al. 1982)
5.30 (RP-HPLC correlation, Hermens & Leeuwangh 1982)
5.10 (shake flask-GC, Platford 1982)
4.32 (Hansch & Leo 1985; Medchem Database 1988)
4.51, 4.49, 4.60, 4.55 (shake flask, Brooke et al. 1986)
4.51 (HPLC-RT correlation, De Kock & Lord 1987)
5.40 (shake flask/slow-stirring method, De Bruijn et al. 1989)
3.69–6.20 (Montgomery 1993)
4.76 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
5.20 (selected, Hansch et al. 1995)
4.76 (RP-HPLC-RT correlation, Finizio et al. 1997)
5.40, 5.58 (LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

7.40 (calculated-KOW/KAW, Wania & Mackay 1996)
8.837*, 8.898 (gas saturation-GC/MS, calculated, measured range 5–45°C, Shoeib & Harner 2002)
log KOA = –3.82 + 3790/(T/K), temp range: 5–45°C (gas saturation-GC, Shoeib & Harner 2002)
8.89, 8.84 (LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF: 

3.08, 4.14, 4.69 (algae, daphnia, guppies, Reinert 1967)
3.65–4.69 (earthworms, Wheatley & Hardman 1968)
0.230 (bioaccumulation factor log BF, adipose tissue in male Albino rats, Robinson et al. 1969)
0.322 (bioaccumulation factor log BF, adipose tissue in male Albino rats, Walker et al. 1969)
3.04–3.66 (Saccharomyces cerevisiae, Voerman & Tammes 1969)
3.0–5.48 (benthic algae, Rose & McIntire 1970) 
0.301 (bioaccumulation factor log BF, adipose tissue in male Albino rats, Baron & Walton 1971)
3.24 (soft clam, Butler 1971)
3.11, 3.54, 2.37 (Scenedemus obliquus, Daphnia magna, Reinert 1972)
2.37 (wet-wt. basis, Scenedemus obliquus, Reinert 1972) 
3.43, 4.79, 2.66–4.60 (Gambusia, Physa, Oedogonium sp., Metcalf et al. 1973)
4.51 (wet-wt. basis, Ankistrodesmus, Neudorf & Khan 1975)
3.39 (oyster, Mason & Rowe 1976)
3.20 (mussel, steady state, Ernst 1977)
2.30 (Anabaena cylindrica, Schauberger & Wildman 1977)
2.70; 3.26 (Anacystis nidulans, Nostoc muscorum, Schauberger & Wildman 1977)
2.0–4.0 (Callahan et al. 1979; quoted, Howard 1991)
3.76, 3.65 (fish: flowing water, static water; Kenaga 1980a, b; Kenaga & Goring 1980)
0.362 (average beef fat diet, Kenaga 1980b)
3.54 (pulex, Kenaga & Goring 1980)
3.62 (earthworms, Lord et al. 1980)
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2.00 (Triaenodes tardus, Belluck & Felsot 1981)
3.65 (Pseudorasbora parva, flow-through conditions, Kanazawa 1981)
1.0–5.0 (selected, Schnoor & McAvoy 1981)
3.37 (mussel, quoted average, Geyer et al. 1982)
4.23–4.98 (earthworms, Gish & Hughes 1982)
4.16 (fish, correlated, Mackay 1982)
3.52 (trout, Verschueren 1983)
3.55 (clam fat, 60-d expt., Hartley & Johnson 1983)
4.10 (guppy, Davies & Dobbs 1984)
4.25 (activated sludge, Freitag et al. 1984)
3.36, 3.48, 4.25 (algae, golden ide, activated sludge, Freitag et al. 1985)
3.33, 3.29 (mussel, calculated values, Zaroogian et al. 1985)
3.33, 3.29 (oyster, calculated values, Zaroogian et al. 1985)
3.70, 3.90 (oyster, quoted from Zaroogian et al. 1985; Hawker & Connell 1986)
1.72–1.95 (human fat lipid basis, Geyer et al., 1987)
1.56–1.78 (human fat wet wt. basis, Geyer et al., 1987)
4.10 (quoted, Isnard & Lambert 1988; Howard 1991)
–2.10 (beef biotransfer factor log Bb, correlated-KOW, Potter et al. 1974)
–1.97 (milk biotransfer factor log Bm, correlated-KOW, Saha 1969; Wilson & Cook 1972)
–1.01 (vegetation, correlated-KOW, Beall & Nash 1972; quoted, Travis & Arms 1988)
2.96–4.11 (aquatic food web, Fordham & Reagan 1991)
3.81 (fish, Fordham & Reagan 1991)
3.88 (selected, Chessells et al. 1992)
3.36, 4.06 (algae Chlorella: wet wt basis, dry wt basis, Geyer et al. 2000)
3.49, 5.49 (mussel Mytilus edulis: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.54, 5.57 (Daphnia: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.46, 5.54 (oyster Crassostrea virginica: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.32, 5.34 (oyster Crassostrea virginica: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.70, 5.62 (oyster Crassostrea virginica: wet wt basis, lipid wt basis, Geyer et al. 2000)
4.10, 5.26 (guppy female: wet wt basis, lipid wt basis, Geyer et al. 2000)
4.41, 5.41 (carp: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.32, 5.34 (oyster Crassostrea virginica: wet wt basis, lipid wt basis, Geyer et al. 2000)
1.69; 1.85 (human: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.65; 3.66 (Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based on quantum

chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC: 

4.55 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
4.08 (calculated-KOW, Rao & Davidson 1980)
3.87 (extrapolated from RP-TLC and reported as log KOM, Briggs 1981)
4.0 (selected, Schnoor & McAvoy 1981; Schnoor 1992)
3.36–3.85 (reported as log KOM, Mingelgrin & Gerstl 1983)
4.08 (soil, screening model calculations, Jury et al. 1984, 1987a, b; Jury & Ghodrati 1989)
4.36 (calculated-KOW as per Kenaga & Goring 1980, Chapman 1989)
4.15 (soil: clay loam/kaolinite, 20°C, batch equilibrium-sorption isotherm, Kishi et al. 1990) 
4.50 (sediment, Fordham & Reagan 1991)
4.10 (soil, quoted exptl., Meylan et al. 1992)
4.03 (soil, calculated-MCI χ and fragment contribution, Meylan et al. 1992)
5.08 (estimated-QSAR and SPARC, Kollig 1993)
4.08–4.55 (Montgomery 1993)
4.08 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
4.55 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
4.55; 4.71 (soil, quoted exptl.; estimated-general model, Gramatica et al. 2000)
4.90; 4.10 (soil, calculated-universal solvation model; quoted exptl., Winget et al. 2000)
4.08, 4.06 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, average, Delle Site 2001)
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Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ ~ 1.4 d from a model river of depth 1 m flowing at 1 m/s with a wind velocity of 3 m/s by
using Henry’s law constant (Lyman et al. 1982; quoted, Howard 1991).

Photolysis: rate constant k = 4.8 × 10–4 h–1 by direct sunlight at 40° latitude (Mabey et al. 1982); using fungus and
254 nm UV, more than 90% initial added amounts were degraded in 4 weeks of incubation (Katayama &
Matsumura 1991).

Oxidation: rate constant for singlet oxygen, k < 3600 M–1 h–1 and for RO2 radicals k < 30 M–1 h–1 (Mabey et al. 1982); 
photooxidation t½ = 4–40.5 h, based on an estimated rate constant for vapor-phase reaction with hydroxyl

radical in air (Atkinson 1987; quoted, Howard et al. 1991); 
calculated tropospheric lifetimes of 1.1 d due to gas-phase reaction with OH radical (Atkinson et al. 1992).

Hydrolysis: first-order t½ = 10.5 yr based on a first-order rate constant k = 7.5 × 10–6 h–1 at pH 7.0 and 25°C
(Ellington et al. 1986, 1987, 1988; quoted, Howard et al. 1991; Montgomery 1993); 
rate constant k = 6.3 × 10–2 yr–1 at pH 7 and 25°C (Kollig 1993).

Biodegradation: aqueous aerobic t½ = 4200–25,920 h, based on unacclimated aerobic soil grab sample data
(Castro & Yoshida 1971; quoted, Howard et al. 1991; Howard 1991) and reported soil field test data (Kearney
et al. 1969; quoted, Howard et al. 1991); 
t½ = 868 d (Nash 1980; quoted, Jury et al. 1983); 
rate constant k = 0.013 d–1 from soil incubation studies by die-away tests (Rao & Davidson 1980; quoted,

Scow 1982); 
aqueous anaerobic t½ = 24–168 h, based on soil and freshwater mud grab sample data (Maule et al. 1987;

quoted, Howard et al. 1991); 
t½ = 870 d in soil by 100-d leaching screening simulation in 0–10 cm depth of soil (Jury et al. 1984, 1987a,

b; Jury & Ghodrati 1989).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k1 = 20.40 h–1; k2 = 0.013 h–1 (Ernst 1977; quoted, Hawker & Connell 1986)
k2 = 0.017 d–1 (fish, Fordham & Reagan 1991) 
k2 = 0.014 d–1 (birds, Fordham & Reagan 1991)

Half-Lives in the Environment: 

Air: t½ = 4–40.5 h, based on an estimated rate constant for vapor-phase reaction with hydroxyl radical in air
(Atkinson 1987; quoted, Howard et al. 1991; Mortimer & Connell 1995); 
calculated life-time of 1.1 d in troposphere (Atkinson et al. 1992).

Surface water: estimated t½ ≥ 300 d in lake waters (Zoeteman et al. 1980); 
t½ = 4200–25920 h, based on estimated aqueous aerobic biodegradation half-life (Howard et al. 1991; quoted,

Mortimer & Connell 1995).
Ground water: t½ = 24–51840 h, based on estimated aqueous aerobic and anaerobic biodegradation half-lives

(Howard et al. 1991).
Sediment: t½ = 15100 h (mean value quoted from Howard et al. 1991).
Soil: field t½ = 49 d in nondisked soil (Nash 1983);

t½ ~ 7 yr persistence in soil (Nash & Woolson 1967); 
estimated persistence of 3 yr in soil (Kearney et al. 1969; Edwards 1973; quoted, Morrill et al. 1982; Jury

et al. 1987); 
t½ = 4200–25920 h, based on unacclimated aerobic soil grab sample data (Castro & Yoshida 1971; quoted,

Howard et al. 1991) and reported soil field test data (Kearney et al. 1969; quoted, Howard et al. 1991);
“best estimate” of 10 yr for 95% disappearance, the “true value” lies between 8.2–13.6 yr in experimental

field (Freeman et al. 1975)
persistence of more than 36 months (Wauchope 1978); 
first-order t½ ~ 53.3 d from rate constant k = 0.013 d–1 from soil incubation studies by die-away tests (Rao

& Davidson 1980; quoted, Scow 1982); 
moderately persistent in soils with t½ = 20–100 d (Willis & McDowell 1982); 
microagroecosystem t½ = 19–26 d in moist fallow soil (Nash 1983); 
measured dissipation rate k = 0.055 d–1 (Nash 1983; quoted, Nash 1988); 
estimated dissipation rate k = 0.034 and 0.049 d–1 (Nash 1988); 

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3824 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

biodegradation t½ = 868 d (Jury et al. 1984, 1987a, b; Jury & Ghodrati 1989; quoted, Montgomery 1993); 
t½ > 50 d and subject to plant uptake via volatilization (Ryan et al. 1988); 
estimated field t½ = 1000 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996); 
t½ = 5 – 9 yr in soil (Geyer et al. 2000)
t½ = 21.7 and 25 yr for control and sludge-amended Luddington soils, respectively (Meijer et al. 2001).

Biota: estimated t½ ~ 1.3 and 10.2 d in rat’s liver, and similar values estimated t½ = 10.3 d for the blood in rat
and t½ = 3 d in adipose tissue of rat (Robinson et al. 1969); 
t½ = 53.1 h in mussels (Ernst 1977; quoted, Hawker & Connell 1986); 
biochemical t½ = 868 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989)

TABLE 18.1.1.30.1
Reported aqueous solubilities and octanol-air partition coefficients of dieldrin at various temperatures

Aqueous solubility log KOA

Richardson & Miller 1960 Biggar & Riggs 1974 Shoeib & Harner 2002

shake flask-UV spec. shake flask-GC generator column-GC/MS

t/°C S/g·m–3 t/°C S/g·m–3 S/g·m–3 S/g·m–3 t/°C log KOA

particle size 0.01µ 0.05µ 5.0µ
25 0.25 15 0.010 0.065 0.090 15 9.359
35 0.54 25 0.022 0.150 0.195 25 8.837
45 1.0 35 0.047 0.270 0.400 35 8.550

45 0.090 0.480 0.650 45 8.075
25 8.898

log KOA = A + B/(T/K)
A –3.82
B 3790

enthalpy of phase change
∆HOA/(kJ mol–1) = 72.6

FIGURE 18.1.1.30.1 Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for dieldrin.

Dieldrin: solubility vs. 1/T
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Biggar & Riggs 1974 (5.0 µ particle size)
Lipke & Kearns 1960
Weil et al. 1974
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FIGURE 18.1.1.30.2 Logarithm of KOA versus reciprocal temperature for dieldrin.

TABLE 18.1.1.30.2
Reported vapor pressures of dieldrin at various temperatures and the coefficients for the vapor pressure
equations

log P = A – B/(T/K) (1) ln P = A – B/(T/K) (1a)
log P = A – B/(C + t/°C) (2) In P = A – B/(C + t/°C) (2a)
log P = A – B/(C + T/K) (3)
log P = A – B/(T/K) – C·log (T/K) (4)

Spencer & Cliath 1969 Grayson & Fosbracey 1982 Rordorf 1989

gas saturation-GC gas saturation-GC gas saturation-GC

t/°C P/Pa t/°C P/Pa t/°C P/Pa t/°C P/Pa

wet set 1 set 2
20 3.47 × 10–4 35.0 0.0026 25 0.00079 25 0.0051
30 1.32 × 10–3 38.2 0.0042 50 0.018 50 0.064
40 4.68 × 10–3 51.5 0.017 75 0.25 75 0.55

dry 62.8 0.059 100 2.60 100 3,60
20 3.73 × 10–4 70.0 0.114 125 19.0 125 18.0
30 1.35 × 10–3 75.2 0.182
40 4.52 × 10–3 20 0.00042 eq. 1 PS/Pa eq. 1 PS/Pa

A 14.37 A 11.867
eq.1 P/mmHg eq. 1a P/Pa B 5210.07 B 4220.71
A 12.07 A 11285
B 5178 B 30.7 eq. 1 PL/Pa eq. 1 PL/Pa

A 11.6603 A 9.519590
B 4001.62 B 3280.59

∆HV = 76.6 kJ/mol ∆HV = 62.8 kJ/mol

Dieldrin: KOA vs. 1/T
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FIGURE 18.1.1.30.3 Logarithm of vapor pressure versus reciprocal temperature for dieldrin.

Dieldrin: vapor pressure vs. 1/T
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18.1.1.31 Diflubenzuron

Common Name: Diflubenzuron
Synonym: Deflubenzon, difluron, Dimilin, DU 112307, Duphacid, ENT 29054, OMS 1804, Largon, Micromite, PDD

60401, PH 60–40, TH-6040
Chemical Name: 1-(4-chlorophenyl)-3-(2,6-difluorobenzol) urea; N-[[(4-chlorophenyl)-amino]carbonyl]-2,6-difluoro-

benzamide
Uses: nonsystemic insecticide to control leaf-eating larvae and leaf miners in forestry, woody ornamentals and fruit trees.
CAS Registry No: 35367-38-5
Molecular Formula: C14H9ClF2N2O2

Molecular Weight: 310.683
Melting Point (°C): 

230–232 (pure, Hartley & Kidd 1987; Montgomery 1993; Milne 1995)
230–232 (dec., Tomlin 1994)
239 (Lide 2003)

Boiling Point (°C): 
dec. on distillation (Montgomery 1993)

Density (g/cm3 at 20°C): 
288.3 (calculated-Le Bas method at normal boiling point)

Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.00795 (mp at 239°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.25 (Ivie et al. 1980; quoted, Belluck & Felsot 1981)
0.20 (Spencer 1982; Wauchope 1989)
0.14 (20°C, Hartley & Kidd 1987; Milne 1995)
0.10 (20°C, Worthing & Walker 1987, 1991)
14.0 (Montgomery 1993)
0.30 (Milne 1995)
0.08 (selected, Lohninger 1994)
0.08 (20–25°C, selected, Hornsby et al. 1996) 

Vapor Pressure (Pa at 25°C or as indicated):

< 3.3 × 10–5 (50°C, Hartley & Kidd 1987)
< 1.3 × 10–5 (Worthing & Hance 1991)
3.33 × 10–5 (20°C, Montgomery 1993)
1.20 × 10–7 (gas saturation method, Tomlin 1994)
1.20 × 10–7 (20–25°C, selected, Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

7.40 × 10–4 (20–25°C, calculated-P/C, Montgomery 1993)
4.70 × 10–4 (20–25°C, calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

5.06 (Belluck & Felsot 1981)
3.88 (shake flask-UV, Sotomatsu et al. 1987)

Cl

H
N

H
N

O O F

F
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2.12 (shake flask-UV, Nakagawa et al. 1991)
3.10 (selected, Nendza 1991)
3.29 (calculated, Montgomery 1993)
3.89 (Tomlin 1994)

Bioconcentration Factor, log BCF:

2.88 (calculated-S as per Kenaga & Goring, this work)
2.44 (calculated-KOW as per Kenaga & Goring, this work)

Sorption Partition Coefficient, log KOC: 

3.01 (calculated, Montgomery 1993)
4.00 (average value, Dowd et al. 1993)
4.00 (20–25°C, selected, Hornsby et al. 1996) 
4.06 (estimated-chemical structure, Lohninger 1994)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis:
Oxidation:
Hydrolysis: half-lives at 20°C: t½ > 150 d at pH 5 and 7 and t½ = 42 d at pH 9 (Tomlin 1994).

t½ > 300 d at pH 2, t½ = 100 d at pH 7 and t½ = 0.48 d at pH 12 in natural waters at 20–25°C (Capel &
Larson 1995)

Biodegradation: t½(aerobic) = 3 d, t½(anaerobic) = 12 d in natural waters (Capel & Larson 1995)
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water: stable at pH 5 and 7 with t½ > 150 d, and t½ = 42 d at pH 9 and 20°C (Tomlin 1994)

biodegradation t½(aerobic) = 3 d, t½(anaerobic) = 12 d, hydrolysis t½ > 300 d at pH 2, t½ = 100 d at pH 7
and t½ = 0.48 d at pH 12 in natural waters at 20–25°C (Capel & Larson 1995)

Ground water:
Sediment:
Soil: t½ < 7 d (Hartley & Kidd 1987; quoted, Montgomery 1993; Tomlin 1994); 

t½ = 10 d in forest soil (Dowd et al. 1993); 
field t½ = 10 d (20–25°C, selected, Hornsby et al. 1996).

Biota:
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18.1.1.32 Dimethoate

Common Name: Dimethoate
Synonym: AC 12880, AC 18682, American Cynamid 12880, BI 58, Cekuthoate, Chemathoate, CL 12880, Cygon,

Daphene, De-fend, Demos-L40, Devigon, Dimetate, Dimeton, Dimevur, ENT 24650, Ferkethion, Fip, Fortion NM,
Fosfamid, Fosfotox, Fostion MM, L 395, Lurgo, NC 262, Perfekthion, Phosphamid, Rebelate, Rogodial, Rogor,
Roxion, Sinoratox, Trimetion

Chemical Name: O,O-dimethyl S-methylcarbamoyl-methyl phosphorodithioate; O,O-dimethyl S-(N-monomethyl)car-
bamylmethyl dithiophosphate; 2-dimethoxyphosphinothioylthio-N-methylacetamide

Uses: systemic and contact insecticide to control thrips and red spider mites on many agricultural crops, sawflies on
apples and plums, also wheat bulb and olive flies.

CAS Registry No: 60-51-5 
Molecular Formula: C5H12NO3PS2

Molecular Weight: 229.258
Melting Point (°C): 

51–52 (Hartley & Kidd 1987)
49.0 (Worthing & Hance 1991; Tomlin 1994; Milne 1995)
52 (Lide 2003)

Boiling Point (°C):
107 (at 0.05 mmHg, Melnikov 1971; Freed et al. 1977)
117 (at 0.1 mmHg, Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
117 (tech. grade at 0.1 mmHg, Worthing & Hance 1991)

Density (g/cm3 at 20°C): 
1.277 (65°C, Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994; Milne 1995)
1.281 (50°C, Worthing & Hance 1991; Montgomery 1993)

Molar Volume (cm3/mol):
205.6 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

23.43 (DSC method, Plato & Glasgow 1969)
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.543 (mp at 52°C)

Water Solubility (g/m3 or mg/L at 25°C at normal boiling point):

39000 (Melnikov 1971)
25000 (Martin & Worthing 1977; Worthing 1979; Kenaga 1980a)
25140 (Briggs 1981)
7000–30000 (20–25°C, selected, Willis & McDowell 1982)
> 5000 (20°C, shake flask-GC, Bowman & Sans 1983a)
25020 (20°C, shake flask-GC, Bowman & Sans 1983b)
25000 (22°C, Verschueren 1983)
25000 (21°C, Hartley & Kidd 1987; Worthing & Walker 1987, 1991; Montgomery 1993)
25120 (Kanazawa 1989)
39800 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
23300, 23800, 25000 (20°C, at pH 5, 7, 9, Tomlin 1994)
21000 (21°C, Milne 1995) 

Vapor Pressure (Pa at 25°C or as indicated):

11.3 × 10–4 (20°C, Wolfdietrich 1965; Melnikov 1971; Khan 1980) 
3.73 × 10–4 (20°C, vaporization rate-gravimetric method, Gückel et al. 1973)

H
N

O
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11.0 × 10–4 (Worthing 1979; Hartley & Kidd 1987)
8.90 × 10–4 (20°C, GC, Seiber et al. 1981)
6.80 × 10–4 (gas saturation-GC, Kim et al. 1984, Kim 1985)
3.87 × 10–4 (20°C, extrapolated-Clausius-Clapeyron eq. with vapor pressures at several temperatures, Kim

et al. 1984)
85.0 × 10–4 (20°C, GC-RT correlation without mp correlation, Kim et al. 1984; Kim 1985)
41.0 × 10–4 (20°C, GC-RT correlation with mp correction, Kim et al. 1984; Kim 1985)
2.90 × 10–4 (20°C, Worthing & Hance 1991)
33.3 × 10–4 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
6.75 × 10–4 (20°C, Montgomery 1993)
11.0 × 10–4 (Tomlin 1994)
0.0363 (gradient GC method; Tsuzuki 2000)
0.0363; 0.11, 0.083 (gradient GC method; estimation using modified Watson method: Sugden’s parachor,

McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

6.23 × 10–6 (calculated-P/C, Lyman et al. 1982; quoted, Howard 1991)
1.10 × 10–4 (20°C, calculated-P/C, Suntio et al. 1988; quoted, Majewski & Capel 1995)
2.66 × 10–6 (20–21°C, calculated-P/C, Montgomery 1993)
1.15 × 10–4 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

–0.29 (Hamaker 1975; Kenaga & Goring 1980)
–0.294 (shake flask-GC, Freed et al. 1979)
0.79 (20 ± 2°C, shake flask-UV, Briggs 1981) 
0.70 (22°C, shake flask-GC, Bowman & Sans 1983)
0.50, 0.78 (recommended, Hansch & Leo 1985)
2.71 (Kanazawa 1989)
0.699 (Worthing & Hance 1991; Milne 1995)
0.51–0.78 (Montgomery 1993)
0.50 (recommended, Sangster 1993)
0.704 (Tomlin 1994)
0.78 (selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF: 

2.00 (estimated-S, Howard 1991)

Sorption Partition Coefficient, log KOC: 

1.23 (soils, calculated, Kenaga 1980a; quoted, Howard 1991)
0.72 (20 ± 2°C, shake flask-UV and reported as log KOM, Briggs 1981)
1.43 (average of 2 soils, Kanazawa 1989)
1.26, 1.56 (clay loam soil, Kanazawa 1989)
0.716 (clay soil, Kanazawa 1989;)
0.72, 1.47 (reported as log KOM, estimated as log KOM, Magee 1991)
1.20, 1.39 (soil, quoted exptl., calculated-χ and fragment contribution, Meylan et al. 1992)
1.30 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.132 (estimated-QSAR and SPARC, Kollig 1993)
0.96 (Montgomery 1993)
1.00 (estimated-chemical structure, Lohninger 1994)
1.21; 1.72 (sandy loam soil, sandy loam sand, Tomlin 1994)
1.20 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
1.20; 1.70, 1.85 (soil, quoted exptl.; estimated-class-specific model, estimated-general model, Gramatica et al.

2000)

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3831

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis:
Oxidation: photooxidation t½ = 0.469–4.69 h in air, based on estimated rate constant for the reaction with hydroxyl

radical in air (Atkinson 1987; quoted, Howard et al. 1991).
Hydrolysis: t½ = 0.8 h at pH 9 and t½ = 21 h at pH 2 both at 70°C (Melnikov 1971; quoted, Freed et al. 1977)

neutral rate constant k = 1.7 × 10–4 h–1 with a calculated t½ = 118 h at pH 7 and 25°C (Ellington et al. 1987,
1988; quoted, Montgomery 1993); 

first-order t½ = 2822 h, based on measured neutral and base catalyzed hydrolysis rate constants (Ellington
et al. 1987; quoted, Howard et al. 1991); 

rate constant k = 1.68 yr–1 at pH 7.0 and 25°C (Kollig 1993); 
t½ = 12 d at pH 9 (Tomlin 1994)
t½ = 120 d at pH 2, t½ = 120 d at pH 7 and t½ = 0.0038 d at pH 12 in natural waters (Capel & Larson 1995)

Biodegradation: aqueous aerobic t½ = 264–1344 h, based on river die-away test data (Eichelberger & Lichtenburg
1971; quoted, Howard et al. 1991) and soil die-away test data for two soils (Bro-Rasmussen et al. 1970;
quoted, Howard et al. 1991); aqueous anaerobic t½ = 1056–5376 h, based on estimated unacclimated aqueous
aerobic biodegradation half-life (Howard et al. 1991)
t½(aerobic) = 11 d, t½(anaerobic) = 44 d in natural waters (Capel & Larson 1995) 

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ = 0.469–4.69 h, based on estimated rate constant for the reaction with hydroxyl radical in air (Atkinson
1987; quoted, Howard et al. 1991).

Surface water: t½ = 264–1344 h, based on estimated unacclimated aqueous aerobic biodegradation half-life
(Howard et al. 1991)
Biodegradation t½(aerobic) = 11 d, t½(anaerobic) = 44 d, hydrolysis t½ = 120 d at pH 2, t½ = 120 d at pH 7

and t½ = 0.0038 d at pH 12 in natural waters (Capel & Larson 1995) 
t½ = 423 d at 6°C, 193h at 23°C in darkness for Milli-Q water; t½ = 171 d at 6°C, t½ = 43 d at 22°C in

darkness, t½ = 29 d under sunlight conditions for river water at pH 7.3; t½ = 173 d at 6°C, t½ = 29 d at
22°C in darkness for filtered river water, pH 7.3; t½ = 219 d at 6°C, t½ = 36 d at 22°C in darkness, t½ =
74 d under sunlight conditions for seawater, pH 8.1 (Lartiges & Garrigues 1995).

Ground water: t½ = 528–2688 h, based on estimated unacclimated aqueous aerobic biodegradation half-life
(Howard et al. 1991).

Sediment:
Soil: t½ = 264–888 h, based on soil die-away test data for two soils (Bro-Rasmussen et al. 1970; quoted, Howard

et al. 1991);
selected t½ = 7.0 d (Wauchope et al. 1992; Hornsby et al. 1996); 
aerobic t½ = 2–4.1 d in soil and photolytic t½ = 7–16 d on soil surface (Tomlin 1994); 
t½ = 7.0 d (selected, Halfon et al. 1996).

Biota: disappearance rate and half-life from treated plants: t½ = 2.95 d for cabbage, t½ = 3.40 d for tomato leaves
and t½ = 2.40 d for tomato fruits (Othman et al. 1987).
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18.1.1.33 Disulfoton

Common Name: Disulfoton
Synonym: Di-Syston, Dimaz, Disipton, Disystox, Dithiosystox, Frumin AL, Glebofos, Solvirex
Chemical Name: O,O-diethyl S-[2-(ethylthio) ethyl] phosphorodithioate; phosphorodithioic acid, O,O-diethyl

S-[2-(ethylthio)ethyl] ester 
Uses: insecticide to control aphids, thrips, mealybugs, and other sucking insects, and spider mites in potatoes, vegetables,

cereals, maize, sorghum, rice, soybeans, groundnuts, lucerne, clover, sugar cane, sugar beet, hops, strawberries,
cotton, coffee, pineapples, tobacco, ornamentals, fruit and nut crops, and forestry nurseries; also used as acaricide.

CAS Registry No: 298-04-4 
Molecular Formula: C8H19O2PS3

Molecular Weight: 274.405
Melting Point (°C): 

–25 (Milne 1995; Lide 2003)
Boiling Point (°C): 

62.0 (at 0.01 mmHg, Hartley & Kidd 1987)
128 (at 1 mmHg, Worthing & Hance 1991; Tomlin 1994; Milne 1995)

Density (g/cm3 at 20°C): 
1.144 (Hartley & Kidd 1987; Tomlin 1994)
1.14 (Worthing & Hance 1991)

Molar Volume (cm3/mol):
282.1 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

66 (Günther 1968)
25 (20°C, Melnikov 1971; Spencer 1973)
25 (Martin & Worthing 1977)
16.3 (19.5°C, shake flask-GC, Bowman & Sans 1979, 1983b)
25 (22°C, Khan 1980; Worthing & Walker 1983)
15–66 (20–25°C, selected, Willis & McDowell 1982) 
25 (22°C, Hartley & Kidd 1987)
12 (22°C, Worthing & Hance 1991)
25 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
12 (20°C, Tomlin 1994) 
12 (22°C, Milne 1995) 
29.9, 29.9 (supercooled liquid SL: literature-derived value LDV, final adjusted value FAV, Muir et al. 2004)

Vapor Pressure (Pa at 25°C or as indicated):

0.024 (20°C, vapor density, MacDougall & Archer 1964)
log (P/mmHg) = 10.20 – 4084.80/(T/K); temp range 10–40°C (vapor density, MacDougall & Archer 1964)
0.024 (20°C, Eichler 1965)
0.024 (20°C, Melnikov 1971; Khan 1980)
0.024 (Worthing 1983)
0.0041 (20°C, GC-Rt correlation, Kim et al. 1984; Kim 1985)
0.024 (20°C, Hartley & Kidd 1987)
0.020 (20°C, selected, Suntio et al. 1988) 
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0.024 (20°C, Worthing & Hance 1991) 
0.020 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.013 (Tomlin 1994)
0.010, 0.0099 (supercooled liquid PL: literature-derived value LDV, final adjusted value FAV, Muir et al. 2004)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.404 (calculated-P/C, Lyman et al. 1982; quoted, Howard 1991)
0.22 (20°C, calculated-P/C, Suntio et al. 1988)
0.101, 0.253 (10°, 20°C, Wanner et al. 1989)
0.090  (final adjusted value FAV, Muir et al. 2004)

Octanol/Water Partition Coefficient, log KOW:

3.04 (Callahan et al. 1979)
3.88 (shake flask-UV, Hermens & Leeuwangh 1982)
4.02 (shake flask-GC, Bowman & Sans 1983b)
4.02 (recommended, Hansch & Leo 1985)
3.84 (RP-HPLC correlation, Saito et al. 1993)
3.95 (Tomlin 1994)
4.02 (recommended, Hansch et al. 1995)
3.95 (literature-derived value LDV, Muir et al. 2004)

Octanol/Air Partition Coefficient, log KOA: 

8.39 (final adjusted value FAV, Muir et al. 2004)

Bioconcentration Factor, log BCF:

2.00 (calculated-S, Kenaga 1980; quoted, Pait et al. 1992)
2.04 (calculated-KOC, Kenaga 1980)
2.00, 2.83 (estimated-S, estimated-KOW, Lyman et al. 1982; quoted, Howard 1991)
2.65 (carp, Takase & Oyama 1985; quoted, Howard 1991)

Sorption Partition Coefficient, log KOC: 

3.25 (soil, Hamaker & Thompson 1972; Kenaga 1980; Kenaga & Goring 1980)
2.81, 3.04, 3.72 (Hamaker & Thompson 1972)
2.87 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
3.20 (av. soils/sediments, Rao & Davidson 1980)
2.67–3.70 (reported as log KOM, Mingelgrin & Gerstl 1983)
2.90 (calculated- MCI χ, Gerstl & Helling 1987)
3.20 (soil, screening model calculations, Jury et al. 1987b)
3.36 (estimated as log KOM, Magee 1991)
3.22 (soil, quoted exptl., Meylan et al. 1992)
2.91 (soil, calculated-MCI χ and fragments contribution, Meylan et al. 1992)
2.78 (soil, 20–25°C, estimated, Wauchope et al. 1992; Hornsby et al. 1996)
2.94 (estimated-QSAR and SPARC, Kollig 1993)
2.91 (soil, HPLC-screening method, mean value, Kördel et al. 1993, 1995)
3.49 (estimated-chemical structure, Lohninger 1994)
3.22 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.91; 2.91 (HPLC-screening method; calculated-PCKOC fragment method, Müller & Kördel 1996)
3.66, 3.146, 3.11, 3.37, 4.146 (first generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch

equilibrium-HPLC/UV, Gawlik et al. 1998)
3.417, 3.333, 3.151, 2.782, 3.127 (second generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, HPLC-k′ corre-

lation, Gawlik et al. 2000)
3.22; 3.15, 3.40 (soil, quoted exptl.; estimated-class-specific model, estimated-general model, Gramatica et al.

2000)
2.92 (soil: organic carbon OC ≥ 0.5%, average, Delle Site 2001)
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Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: gas exchange t½ = of 900 d for winter and t½ = 360 d for summer in Rhine River (Wanner et al.
1989). 

Photolysis: photolytic t½ = 1000 d for winter and t½ = 100 d for summer in the Rhine River (Wanner et al. 1989); 
t½ = 1–4 d (Tomlin 1994)
Apparent first-order rate constant phototransformation at λ > 285 nm, k = (1.38 ± 0.12) × 10–2 h–1 in purified

water, and k = (1.68 ± 0.12) × 10–2 h–1 in Capot river water with t½ ~ 40 h (Zamy et al. 2004)
Oxidation: half-life ranged from t½ ~ 5 h of midday sunlight during summer to t½ = 12 h during winter estimated

from kinetic data for oxygenation reactions photosensitized by humic substances in water exposed to sunlight
(Zepp et al. 1981); 

photooxidation t½ = 0.50–4.80 h in air, based on estimated rate constant for the reaction with hydroxyl radical
in air (Atkinson 1987; quoted, Howard et al. 1991).

Hydrolysis: first-order t½ = 103 d, based on measured overall rate constant k = 2.8 × 10–4 h–1 at pH 7, 25°C
(Ellington et al. 1986, 1987, 1988; quoted, Howard et al. 1991); 
abiotic hydrolysis k = 1.3 × 10–7 s–1 under neutral condition, k = 2.0 × 10–3 s–1 under base-catalyzed condition

at 20°C and hydrolysis t½ = 170 d at 11°C, pH 9 and t½ = 62 d in summer were predicted in Rhine River
(Wanner et al. 1989); 

t½ = 3.04 yr in water at pH 1–5 and at 20°C; 1.2 d at pH 7 and t½ = 7.2 h at pH 9 both at 70°C (Worthing &
Hance 1991); 

rate constant k = 3.23 yr–1 at pH 7.0 and 25°C (Kollig 1993); 
t½ = 133 d at pH 4, t½ = 169 d at pH 7, and t½ = 131 d at pH 9 at 22°C (Tomlin 1994).

Biodegradation: t½ < 14 d, rapidly oxidized in soil (Szeto et al. 1983) 
primary biodegradation rate constant k = 0.2 µg2 L2 d–1 with t½ = 41 d, and the degradation t½ = 7–41 d for

winter and t½ = 4–28 d for summer in Rhine River (Wanner et al. 1989); 
aqueous aerobic t½ = 72–504 h, based on aerobic soil field data and reported half-lives for soil (Howard

et al. 1991); 
aqueous anaerobic t½ = 288–2016 h, based on estimated unacclimated aqueous aerobic biodegradation half-

life (Howard et al. 1991). 
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ = 0.50–4.80 h, based on estimated rate constant for the reaction with hydroxyl radical in air (Atkinson
1987; quoted, Howard et al. 1991).

Surface water: gas exchange t½ = 900 d for winter, t½ = 360 d for summer; abiotic hydrolysis half-lives of 170
d for winter, 62 d for summer; photolytic transformation t½ = 1000 d for winter, t½ = 200 d for summer and
primary biodegradation t½ = 7–41 d for winter, t½ = 8–28 d for summer in Rhine River under environmental
conditions (Wanner et al. 1989); 
overall t½ = 72–504 h, based on estimated unacclimated aqueous aerobic biodegradation half-life (Howard

et al. 1991).
t½ ~ 40 h upon photolysis in Capot river water (Zamy et al. 2004)

Ground water: t½ = 144–1008 h, based on estimated unacclimated aqueous aerobic biodegradation half-life
(Howard et al. 1991).

Sediment:
Soil: estimated persistence of 4 wk in soil (Kearney et al. 1969; Edwards 1973; quoted, Morrill et al. 1982); 

t½ = 72–504 h, based on aerobic soil field data (Szeto et al. 1983; quoted, Howard et al. 1991) and reported
half-lives for soil (Domsch 1984; quoted, Howard et al. 1991); 

t½ = 5 d from screening model calculations (Jury et al. 1987b); 
estimated t½ = 30 d (Wauchope et al. 1992; Hornsby et al. 1996); 
soil t½ = 9 d (Pait et al. 1992).

Biota: biochemical t½ = of 5 d from screening model calculations (Jury et al. 1987b).
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18.1.1.34 Endosulfan

Common Name: Endosulfan
Synonym: Benzoepin, Beosit, Bio 5462, Chlorthiepin, Crissulfan, Cyclodan, Endocel, ENT 23979, FMC 5462, Hildan,

Hoe 2671, Insectophene, KOP-thiodan, Malix, NCI-C00566, Niagara 5462, OMS-570, Thifor, Thimul, Thiodan,
Thiofor, Thionex, Thiosulfan, Tionel, Tiovel

Chemical Name: 1,4,5,6,7,7-hexachloro-5-norbornene-2,3-dimethyl cyclic sulfite; 1,2,3,4,7,7-hexachlorobicyclo-
2,2,1-hepten-5,6-bisoxymethylene sulfite; (1,4,5,6,7,7-hexachloro-8,9,10-trinorborn-5-en-2,3-ylene-bismethylene)-
sulfite; 6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzodioxathiepine 3-oxide

Uses: insecticide for vegetable crops and also used as acaricide.
CAS Registry No: 115-29-7; 959-98-8 (α-endosulfan, endosulfan I); 33213-65-9 (β-endosulfan, endosulfan II)
Molecular Formula: C9H6Cl6O3S
Molecular Weight: 406.925
Melting Point (°C): 

70–100 (tech. grade, Worthing & Hance 1991; Milne 1995)
70–100, 108–110 (α-endosulfan, β-endosulfan, Suntio et al. 1988)
106, 207–209 (α-endosulfan, β-endosulfan, Montgomery 1993)
109.2, 213.3 (α-endosulfan, β-endosulfan, Tomlin 1994) 
106, 109.2 (Milne 1995)

Boiling Point (°C):
106 (at 0.7 mmHg, Hartley & Kidd 1987; Milne 1995)

Density (g/cm3 at 20°C):
1.80 (tech. grade, Tomlin 1994) 
1.745 (Milne 1995; Montgomery 1993)

Molar Volume (cm3/mol):
312.8 (calculated-Le Bas method at normal boiling point,)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F:

0.22. 0.13 (20°C, α-, β-endosulfan, Suntio et al. 1988)

Water Solubility (g/m3 or mg/L at 25°C pr as indicated):

0.53 (α-endosulfan, generator column-GC, Weil et al. 1974)
0.286 (β-endosulfan, generator column-GC, Weil et al. 1974)
<1.0 (Wauchope 1978)
0.050 (Weber et al. 1980)
0.510 (α-endosulfan, 20°C, shake flask-GC, Bowman & Sans 1983a)
0.45 (β-endosulfan, 20°C, shake flask-GC, Bowman & Sans 1983a)
0.06–0.15 (U.S. EPA 1984; McLean et al. 1988)
0.32 (22°C, Hartley & Kidd 1987)
0.15 (20°C, selected, Suntio et al. 1988)
0.32 (α-endosulfan at 22°C, Worthing & Hance 1991; Tomlin 1994; Milne 1995)
0.33 (β-endosulfan at 22°C, Worthing & Hance 1991; Tomlin 1994) 
0.32 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.53 (α-endosulfan, Montgomery 1993)
0.28 (β-endosulfan, Montgomery 1993)
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3.75, 3.63 (α-endosulfan, supercooled liquid SL: literature-derived value LDV, final adjusted value FAV, Muir
et al. 2004)

1.71, 2.56 (α-endosulfan, supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted
value, Shen & Wania 2005)

32.1, 36.2 (β-endosulfan, supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted
value, Shen & Wania 2005)

Vapor Pressure (Pa at 25°C or as indicated):

0.00133 (Martens 1972; Khan 1980)
0.013 (endosulfan I, Barlow 1978)
> 0.00013 (20–25°C, Weber et al. 1980)
1.20 (80°C, Hartley & Kidd 1987)
0.0061 (endosulfan I, GC-RT correlation, supercooled liquid value, Hinckley et al. 1990)
0.0032 (endosulfan II, GC-RT correlation, supercooled liquid value, Hinckley et al. 1990)
0.0011 (20°C, selected, Suntio et al. 1988)
1.20 (tech. grade at 80°C, Worthing & Hance 1991) 
2.27 × 10–5 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.00133 (Montgomery 1993)
8.3 × 10–5 (20°C, 2 to 1 mixture of α- and β-endosulfan, Tomlin 1994) 
2.3 × 10–5 (selected, Halfon et al. 1996)
0.0061, 0.0063 (α-endosulfan, supercooled liquid PL: literature-derived value LDV, final adjusted value FAV,

Muir et al. 2004)
0.0060, 0.0044 (α-endosulfan, supercooled liquid PL: LDV literature-derived value, FAV final adjusted value,

Shen & Wania 2005)
0.0043, 0.0040 (β-endosulfan, supercooled liquid PL: LDV literature-derived value, FAV final adjusted value,

Shen & Wania 2005)

Henry’s Law Constant (Pa·m3/mol at 25°C and reported temperature dependence equations):

1.09 (calculated-P/C, Mabey et al. 1982)
2.98 (20°C, calculated-P/C, Suntio et al. 1988)
0.679, 0.0627 (endosulfan I, II, calculated, Cotham & Bidleman 1989)
1.135 (calculated-P/C an average of α- and β-endosulfan, Howard 1991)
10.23 (α-endosulfan, Montgomery 1993)
1.935 (β-endosulfan, calculated-P/C, Montgomery 1993)
6.45, 13.23 (20°C, tech. grade: distilled water, salt water 33.3l%, wetted wall column-GC, Rice et al. 1997a, b)
6.63, 0.788 (20°C, endosulfan I, II, distilled water, wetted wall column-GC, Rice et al. 1997a, b)
log KAW = –876.14/(T/K) + 0.4463; temp range: 8.3–38.2°C, (endosulfan I, distilled water, wetted-wall column-

GC, Rice et al. 1997a)
12.89, 2.12 (20°C, endosulfan I, II, salt water 33.3l%, wetted wall column-GC, Rice et al. 1997a, b)
8.65, 8.48; 9.31 (20°C, endosulfan I: microlayer, subsurface natural water of salinity 17l% and TOC 0.4–1.0

ppm, from Pt. Lookout, Chesapeake Bay; estimated value adjusted to salinity, Rice et al. 1997b)
8.77, 8.04; 9.12 (20°C, endosulfan I: microlayer, subsurface natural water of salinity 16l% and TOC 0.5–0.6

ppm, from Solomons, Chesapeake Bay; estimated adjusted to salinity, Rice et al. 1997b) 
7.14, 9.21; 8.43 (20°C, endosulfan I: microlayer, subsurface natural water of salinity 12l%, TOC 0.6 ppm, from

Sandy Point, Chesapeake Bay; estimated value adjusted to salinity, Rice et al. 1997b) 
0.719, 0.040 (α-, β-endosulfan, wetted wall column-GC, Altschuh et al. 1999)
6.99 (20°C, Endosulfan I, selected from literature experimentally measured data, Staudinger & Roberts

2001)
log KAW = 0.446 – 876/(T/K), (Endosulfan I, van’t Hoff eq. derived from literature data, Staudinger & Roberts

2001)
0.715, 0.699 (α-endosulfan, literature-derived value LDV, final adjusted value FAV, Muir et al. 2004)
0.72, 0.70 (α-endosulfan, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)
0.040, 0.045 (β-endosulfan, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)
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Octanol/Water Partition Coefficient, log KOW:

3.55, 3.62 (α-, β-endosulfan, Ali 1978)
3.83 (α-endosulfan, shake flask-GC, Hermens & Leeuwangh 1982)
3.83 (α-endosulfan, Hansch & Leo 1985)
4.74, 4.78 (α-, β-endosulfan, calculated-fragment const., Noegrohati & Hammers 1992)
3.55, 3.62 (α-, β-endosulfan, Montgomery 1993) 
4.74, 4.79 (α-, β-endosulfan at pH 5, Tomlin 1994)
3.62, 3.83 (α-, β-endosulfan, Hansch et al. 1995)
3.84 (Pomona-database, Müller & Kördel 1996)
5.09 (α-endosulfan, literature-derived value LDV, Muir et al. 2004)
4.74, 4.94 (α-endosulfan, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)
4.78, 4.78 (β-endosulfan, LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equation. Additional data 
at other temperatures designated * are compiled at the end of this section:

8.677*, 8.638 (gas saturation-GC/MS, calculated, measured range 5–25°C, Shoeib & Harner 2002)
log KOA = –5.90 + 4333/(T/K), temp range: 5–25°C (gas saturation-GC, Shoeib & Harner 2002)
8.64 (α-endosulfan, final adjusted value FAV, Muir et al. 2004)
8.63, 8.49 (α-endosulfan, LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF:

–3.66 (beef biotransfer factor log Bb, correlated-KOW, Beck et al. 1966)
2.78 (α-endosulfan for mussel, Ernst 1977;) 
–1.52, –1.22 (α-, β-endosulfan, bioaccumulation factor log BF, adipose tissue in female Albino rats, Dorough

et al. 1978) 
2.63, 2.44 (α-, β-endosulfan, paddy field fish, Soon & Hock 1987)
1.91, 2.33 (α-, β-endosulfan, paddy field fish, Tejada 1995)
3.55; 3.65 (α-endosulfan for Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based

on quantum chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC: 

3.46 (α-endosulfan, estimated, Lyman et al. 1982; quoted, Howard 1991)
3.83 (β-endosulfan, calculated-S, Lyman et al. 1982; quoted, Howard 1991)
4.09 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
4.00 (α- or β-endosulfan, estimated-QSAR & SPARC, Kollig 1993)
3.31, 3.37 (α-endosulfan, β-endosulfan, calculated, Montgomery 1993)
4.09 (soil, α-endosulfan, HPLC-screening method, mean value of different stationary and mobile phases,

Kördel et al. 1993)
4.09 (estimated-chemical structure, Lohninger 1994)
3.48–4.30 (Tomlin 1994)
4.09 (α-endosulfan, HPLC-screening method, Kördel et al. 1995) 
4.09; 5.24 (HPLC-screening method; calculated-PCKOC fragment method, Müller & Kördel 1996)
3.90 (soil, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis:
Oxidation: photooxidation t½ = 2.5–24.8 h, based on an estimated rate constant for the vapor-phase reaction with

hydroxyl radical in air with a deoxygenated endosulfan analog (Atkinson 1987; quoted, Howard et al. 1991).
Hydrolysis: first-order t½ = 218 h, based on neutral aqueous hydrolysis rate constant k = (3.2 ± 2.0) × 10–3 h–1

for α-Endosulfan at pH 7 and 25°C (Ellington et al. 1986, 1987, 1988; quoted, Howard et al. 1991;
Montgomery 1993); 
first-order t½ = 187 h, based on neutral aqueous hydrolysis rate constant k = (3.7 ± 2.0) × 10–3 h–1 for

β-endosulfan at pH 7 and 25°C (Ellington et al. 1987, 1988; quoted, Howard et al. 1991; Montgomery
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1993); rate constant k = 6.1 × 10–2 yr–1 for α-endosulfan at pH 7 and 25°C and rate constant
k = 8.9 × 10–2 yr–1 for β-endosulfan at pH 7 and 25°C (Kollig 1993).

t½ = 360 d at pH 2, t½ = 9.1 d at pH 7 and t½ = 0.00029 d at pH 12 in natural waters (Capel & Larson 1995)
Biodegradation: aqueous aerobic t½ = 48–336 h, based on unacclimated aerobic river die-away test data (Eichelberger

& Lichtenburg 1971; quoted, Howard et al. 1991) and reported soil grab sample data (Bowman et al. 1965;
quoted, Howard et al. 1991); 
first-order rate constant k = –0.00502 h–1 in nonsterile sediment, k = –0.00796 h–1 in sterile sediment by

shake-tests at Range Point, first-order k = –0.0157 h–1 in nonsterile water, and k = –0.0325 h–1 in sterile
water by shake-tests at Range Point (Walker et al. 1988); 

first-order rate constants k = –0.00165 to –0.00296 h–1 in nonsterile sediment, k = –0.00426, –0.00545 h–1

in sterile sediment by shake-tests at Davis Bayou and first-order rate constants k = –0.00335 to –0.00490
h–1 in nonsterile water and k = –0.0130, –0.00866 h–1 in sterile water by shake-tests at Davis Bayou
(Walker et al. 1988)

t½(aerobic) = 2 d, t½(anaerobic) = 8 d in natural waters (Capel & Larson 1995).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k1 = 12.3 h–1; k2 = 0.0205 h–1 (mussel from α-endosulfan, Ernst 1977; quoted, Hawker & Connell 1986)

Half-Lives in the Environment:

Air: t½ = 2.5–24.8 h, based on an estimated rate constant for the vapor-phase reaction with hydroxyl radicals in
air with a deoxygenated Endosulfan analog (Atkinson 1987; quoted, Howard et al. 1991); 
t½ = 9.2 ± 4 yr at Eagle Harbor in the Great Lake’s atmosphere. (Buehler et al. 2004).

Surface water: persistence of up to 4 weeks in river water (Eichelberger & Lichtenberg 1971); 
t½ = 30 d and 45 d for α- and β-endosulfan respectively for surface waters in case of first order reduction

process may be assumed and estimated t½ ~ 30–300 d for β-endosulfan in lakes in the Netherlands
(Zoeteman et al. 1980); 

t½ = 4.5–218 h, based on aqueous hydrolysis half-lives for both α- and β-endosulfan at pH 7 and 9 and
25°C, respectively (Ellington et al. 1987; quoted, Howard et al. 1991) 

t½ = 1.3 d in rice paddy water (Tejada et al. 1993; quoted, Abdullah et al. 1997)
t½(aerobic) = 2 d, t½(anaerobic) = 8 d, hydrolysis t½ = 360 d at pH 2, t½ = 9.1 d at pH 7 and t½ = 0.00029

d at pH 12 in natural waters (Capel & Larson 1995)
Ground water: estimated t½ = 30–300 d in lakes and Ground water (β-Endosulfan, Zoeteman et al. 1980); 

t½ = 4.5–218 h, based on aqueous hydrolysis half-lives for both α- and β-endosulfan at pH 7 and 9 and
25°C respectively (Ellington et al. 1987; quoted, Howard et al. 1991).

Sediment:
Soil: t½ = 4.5–218 h, based on aqueous hydrolysis half-lives for both α- and β-endosulfan at pH 7 and 9 and

25°C, respectively (Ellington et al. 1987; quoted, Howard et al. 1991); 
t½ > 50 d and subject to plant uptake via volatilization (Ryan et al. 1988); 
selected t½ = 50 d (Wauchope et al. 1992; Hornsby et al. 1996); 
t½ = 1.2 d in rice soil (Tejada et al. 1993; quoted, Abdullah et al. 1997); 
soil t½ = 120 d (Pait et al. 1992); 
degraded in soil with t½ = 30–70 d (Tomlin 1994); 50 d (selected, Halfon et al. 1996)
t½ = 5 – 7 yr in soil (Geyer et al. 2000)

Biota: t½ = 33.8 h in mussels (α-endosulfan, Ernst 1977); 
t½ = 1.0 d in rice leaves (Tejada et al. 1993; quoted, Abdullah et al. 1997).
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TABLE 18.1.1.34.1
Reported octanol-air partition coefficients of α-endosulfan at various temperatures

Shoeib & Harner 2002

generator column-GC/MS

t/°C log KOA

5 9.7188
10 9.3591
15 9.1651
20 8.8316
25 8.6772
25 8.638

log KOA = A + B/(T/K)
A –5.902
B 4333

enthalpy of phase change
∆HOA/(kJ mol–1) = 83.0

FIGURE 18.1.1.34.1 Logarithm of KOA versus reciprocal temperature for α-endosulfan.

α-Endosulfan: KOA vs. 1/T
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18.1.1.35 Endrin

Common Name: Endrin
Synonym: Endrex, ENT 17521, Hexadrin, Isodrin epoxidek, Mendrin, NA 2761, NCI-C00157, Nendrin, RCRA
Chemical Name: 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-exo-1,4-exo-5,8-dimethano-naphthalene
Uses: Insecticide/Avicide/Rodenticide 
CAS Registry No: 72-20-8
Molecular Formula: C12H8Cl6O
Molecular Weight: 380.909
Melting Point (°C): 

226–230 (Hartley & Kidd 1987; Howard 1991)
245 (dec, Lide 2003)

Boiling Point (°C):
245 (dec. Montgomery 1993)

Density (g/cm3 at 20°C):
1.70, 1.65 (pure, technical, at 25°C, Montgomery 1993) 

Molar Volume (cm3/mol):
318.2 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

23.88 (Ruelle & Kesselring 1997)
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.00694 (mp at 245°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated. Additional data at other temperatures designated * are 
compiled at the end of this section):

0.23* (shake flask-UV, measured range 25–45°C, Richardson & Miller 1960)
0.26 (rm. temp., shake flask-GC, Robeck et al. 1965)
0.23 (Günther et al. 1968) 
0.25* (shake flask-GC/ECD, measured range 15–45°C, Biggar & Riggs 1974)
0.022*, 0.15*, 0.195* (particle size: 0.01, 0.05 and 5.0µ, shake flask-GC/ECD, measured range 15–45°C, Biggar

& Riggs 1974)
0.26 (generator column-GC/ECD, Weil et al. 1974)
0.10 (Weber et al. 1980)
0.024 (Bruggeman et al. 1981)
0.25 (misquoted as 0.25 µg/L from Biggar & Riggs, Howard 1991)
0.22–0.26 (Montgomery 1993)
0.23 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
15.85 (20–25°C, supercooled liquid value, Majewski & Capel 1995)
0.105, 0.000065 (predicted-molar volume, mp and mobile order thermodynamics, Ruelle & Kesselring 1997)
1.03, 1.14 (supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted value, Shen &

Wania 2005)
log [CL/(mol m–3)] = –1022/(T/K) + 0.86 (supercooled liquid, linear regression of literature data, Shen & Wania

2005)

Vapor Pressure (Pa at 25°C or as indicated):

4.00 × 10–4 (20°C, Bowery 1964)
2.67 × 10–5 (Eichler 1965; Melnikov 1971; Martin 1972; Quellette & King 1977)

Cl Cl

Cl

ClCl
O

Cl
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2.67 × 10–5 (20–25°C, Weber et al. 1980)
1.17 × 10–5 (20°C, selected exptl. value, Kim 1985)
2.00 × 10–5 (20°C, selected, Suntio et al. 1988) 
9.33 × 10–5 (25°C, Montgomery 1993)
2.67 × 10–5 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
1.38 × 10–3 (20–25°C, supercooled liquid value, Majewski & Capel 1995)
0.0052, 0.0031 (supercooled liquid PL: LDV literature derived value, FAV final adjusted value, Shen & Wania

2005)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

1.8 × 10–4 (calculated-P/C, Mabey et al. 1982)
0.042 (Ryan et al. 1988)
0.033 (20°C, calculated-P/C, Suntio et al. 1988)
0.762 (calculated, Howard 1991)
0.0507 (calculated-P/C, Montgomery 1993)
0.644 (wetted wall column-GC, Altschuh et al. 1999)
0.64, 1.1 (LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW:

5.60 (calculated, Neely et al. 1974)
4.56 (RP-HPLC-RT correlation, Veith et al. 1979)
5.34 (Kenaga & Goring 1980;)
3.21 (Rao & Davidson 1980)
4.82 (Veith & Kosian 1982)
5.01 (HPLC-RT correlation, Eadsforth 1986)
5.28 (HPLC-RT correlation, Liu & Qian 1988)
5.195 ± 0.005 (slow-stirring method, De Bruijn et al. 1989)
3.21–5.34 (Montgomery 1993)
4.71 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
5.20 (recommended, Hansch et al. 1995)
4.71 (RP-HPLC-RT correlation, Finizio et al. 1997)
5.20, 4.94 (LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equation. Additional data 
at other temperatures designated * are compiled at the end of this section:

8.338*, 8.609 (gas saturation-GC/MS, calculated, measured range 5–35°C, Shoeib & Harner 2002)
log KOA = –11.75 + 6067/(T/K), temp range: 5–35°C (gas saturation-GC, Shoeib & Harner 2002)
8.13, 8.32 (LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF:

2.40–2.18 (bluegills, Bennett & Day 1970)
2.60–2.88 (channel catfish, Argyle et al. 1973)
3.21 (channel catfish, 55-d exposure, Argyle et al. 1973)
3.13, 4.69 (Gambusia, Physa, Metcalf et al. 1973)
3.11, 4.69, 3.66 (fish, snail, algae, Metcalf et al. 1973) 
2.83, 2.49, 2.48 (fish, mosquitoes, Daphnia, 3-d expt. with no dietary routes, Metcalf et al. 1973)
3.43 (oyster, Mason & Rowe 1976)
3.28 (mussel, Ernst 1977)
3.24 (calculated-KOW, Mackay 1982)
4.02; 4.18; 3.85 (flagfish, 30-d exposure; 65-d exposure; 110-d exposure, Hermanutz 1978)
3.70 (fathead minnow, Jarvinen & Tyo 1978)
3.17 (mosquito fish, 35-d exposure, Veith et al. 1979; Veith & Kosian 1983)
3.66 (fathead minnow, 300-d exposure, Veith et al. 1979; Veith & Kosian 1983)
3.66 (Oedogonium sp., Baughman & Paris 1981)
3.85–4.18 (flag fish, mosquito fish, Veith & Kosian 1983)
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3.24, 3.18 (mussel, calculated-KOW & models, Zaroogian et al. 1985)
3.17 (fathead minnow, quoted from Veith et al. 1979, Zaroogian et al. 1985)
3.40 (Isnard & Lambert 1988)
3.13–4.0 (fish, quoted, Howard 1991)
3.85 (fathead minnow, whole body, after 300-d exposure, Howard 1991)
3.21–3.30 (channel catfish, after 41- and 55-d exposure, Howard 1991)
4.18 (flagfish, whole body after 65-d exposure, Howard 1991)
3.52–3.68 (sheepshead minnow, 33-d exposure for embryojuveniles, Howard 1991)
3.40–3.81 (sheepshead minnow, adults, after 28–161 d, Howard 1991)
2.70–3.10 (shellfish, Howard 1991)
4.69, 3.22–3.44, 3.48 (snail, oyster, grass shrimp, mussel, Howard 1991)
2.15–2.30 (algae, Howard 1991)
3.83 (fish, reported as log BAFw, LeBlanc 1996)
3.28, 5.28 (mussel Mytilus edulis: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.22, 5.14 (oyster Crasssostrea virginica: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.44, 5.37 (oyster Crasssostrea virginica: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.42 (clam: wet wt basis, Geyer et al. 2000)
3.66, 5.18 (fathead minnow, uptake 300-d: wet wt basis, lipid wt basis, Geyer et al. 2000)

Sorption Partition Coefficient, log KOC at 25°C or as indicated:

4.53 (calculated, Kenaga 1980, quoted, Howard 1991)
5.36 (calculated-S, Mill et al. 1980; quoted, Adams 1987)
4.00 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
5.00; 4.10 (soil, calculated-universal solvation model; quoted exptl., Winget et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ ~ 9.6 d from a model river 1-m deep, flowing 1 m/s with a wind speed of 3 m/s, and t½ > 14 yr
from a model pond (Howard 1991).

Photolysis:
Oxidation:

k(aq.) = (2.7 ± 0.7) × 108 M–1 s–1 for the reaction with OH radical in aqueous solution (Fenton reaction) at
24 ± 1°C and pH 2.8 (Haag & Yao 1992) with reference to 4.2 × 108 M–1 s–1 for the reaction of DPCP
with OH radical in aqueous solution (Buxton et al. 1988; quoted, Haag & Yao 1992); 

k(aq.) = (1.3 ± 0.4) × 109 M–1 s–1 (Fenton reaction) and k = (1.1 ± 0.2) × 109 M–1 s–1 (photo-Fenton reaction)
for the reaction with OH radical in aqueous solution at 24 ± 1°C and pH 3.4 (Haag & Yao 1992) with
reference to 8 × 108 M–1 s–1 for the reaction of lindane with OH radical in aqueous solution (Buxton et
al. 1988; quoted, Haag & Yao 1992)

k(aq.) < 0.02 M–1 s–1 for direct reaction with ozone in water at pH 2.7–6.4 and 23 ± 3°C, with t½ > 20 d at
pH 7 (Yao & Haag 1991). 

Hydrolysis: t½ = 4 yr at least (Callahan et al. 1979).
Biodegradation: t½ = 5–14 d in thick anaerobic sewage sludge (Howard 1991).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

–log k2 = 1.99 h (oyster, Mason & Rowe 1976; quoted, Hawker & Connell 1986)
log k1 = 1.5 h–1; –log k2 = 1.78 h (mussel, Ernst 1977; quoted, Hawker & Connell 1986)

Half-Lives in the Environment:

Air: t½ = 1.45 h was predicted for reaction with hydroxyl radical (Howard 1991).
Surface water: t½ > 8 wk in river water (Eichelberger & Lichtenberg 1971); 

measured kO3(aq.) < 0.02 M–1 s–1 for direct reaction with ozone in water at pH 2.7–6.4 and 23 ± 3°C, with
t½ > 20 d at pH 7 (Yao & Haag 1991).

Ground water: 
Sediment:
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Soil: t½ ~ 12 yr in Congaree sandy loam soil (Nash & Woolson 1967); 
field t½ = 63 d for sugar cane in soil (Willis & Hamilton 1973; quoted, Nash 1983); 
moderately persistent in soil with t½ = 20–100 d (Willis & McDowell 1982); 
microagroecosystem t½ = 33 d in moist fallow soil (Nash 1983); 
t½ > 50 d in soil (Ryan et al. 1988); 
selected field t½ = 4300 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
t½ ~ 12 yr in soil (Geyer et al. 2000)

Biota: elimination t½ = 24 h (Ernst 1977, quoted, Callahan et al. 1979).

TABLE 18.1.1.35.1
Reported aqueous solubilities and octanol-air partition coefficients of endrin at various temperatures

Aqueous solubility log KOA

Richardson & Miller 1960 Biggar & Riggs 1974 Shoeib & Harner 2002

shake flask-UV spec. shake flask-GC generator column-GC/MS

t/°C S/g·m–3 t/°C S/g·m–3 S/g·m–3 S/g·m–3 t/°C log KOA

particle size 0.01µ 0.05µ 5.0µ
25 0.23 15 0.010 0.090 0.130 5 10.2787
35 0.38 25 0.0245 0.180 0.250 15 9.3548
45 0.51 35 0.058 0.315 0.420 20 8.6528

45 0.120 0.518 0.625 25 8.3377
35 8.2855
25 8.609

log KOA = A + B/(T/K)
A –11.75
B 6067

enthalpy of phase change
∆HOA/(kJ mol–1) = 84.9

FIGURE 18.1.1.35.1 Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for endrin.

Endrin: solubility vs. 1/T
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FIGURE 18.1.1.35.2 Logarithm of KOA versus reciprocal temperature for endrin.

Endrin: KOA vs. 1/T
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18.1.1.36 Ethiofencarb

Common Name: Ethiofencarb
Synonym: Croneton, Bay-Hox-1901
Chemical Name: α-ethylthio-o-tolyl methylcarbamate
CAS Registry No: 29973-13-5
Uses: insecticide
Molecular Formula: C11H15NO2S
Molecular Weight: 225.307
Melting Point (°C): 

33.4 (Spencer 1982; Hartley & Kidd 1987, Montgomery 1993, Tomlin 1994)
Boiling Point (°C): 

decomposes on distillation (Hartley & Kidd 1987, Tomlin 1994)
Density (g/cm3 at 20°C): 

1.1473 (Hartley & Kidd 1987, Worthing & Walker 1987; Montgomery 1993)
1.231 (20°C, Tomlin 1994)

Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.827 (mp at 33.4°C)

Water Solubility (g/m3 or mg/L at 25°C):

1900 (20°C, Spencer 1982, Hartley & Kidd 1987, Montgomery 1993)
1820 (20°C, Worthing & Walker 1987)
1800 (20°C, Tomlin 1994)

Vapor Pressure (Pa at 25°C):

6.67 × 10–4 (Spencer 1982)
0.013 (30°C, Hartley & Kidd 1987; Worthing & Walker 1987)
4.506 × 10–4 (20°C, Montgomery 1993)
0.00045, 0.00094, 0.026 (20, 25, 50°C, Tomlin 1994)

Henry’s Law Constant (Pa·m3/mol):

5.37 × 10–5 (calculated-P/C, Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW:

0.98 (calculated-Montgomery 1993)
2.04 (Tomlin 1994)
4.20 (RP-HPLC-RT correlation, Nakamura et al. 2001)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

Sorption Partition Coefficient, log KOC: 

1.84 (calculated, Montgomery 1993)

S

ON
H

O
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Environmental Fate Rate Constants or Half-Lives:

Volatilization:
Photolysis: photodegradation in sunlight is very rapid (Tomlin 1994).
Oxidation:
Hydrolysis: hydrolyzed in alkaline solution (Tomlin 1994).
Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Surface water: in isopropanol/water (1:1, 37–40°C) solutions, half-lives were t½ = 300 d at pH 2, t½ = 45 h at
pH 7 and t½ = 5 min at pH 11.4 (Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994).
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18.1.1.37 Ethion

Common Name: Ethion 
Synonym: AC 3422, Bladan, diethion, Embathion, ENT 24105, Ethanox, Ethiol, Ethodan, Ethopaz, FMC 1240, Fosfono

50, Hylemax, Hylemox, Itopaz, KWIT, NA 2783, NIA 1240, Niagara 1240, Nialate, Vegfru fosmite
Chemical Name: bis(S-(dimethoxyphosphinothioyl)mercapto)methane; O,O,O′,O′-tetraethyl-S,S′-methylene bis(phos-

phorodithioate); O,O,O′,O′-tetraethyl-S,S′-methylene-bisphosphorothiolothionate
Uses: nonsystemic insecticide and acaricide used on apples.
CAS Registry No: 563-12-2 
Molecular Formula: C9H22O4P2S4

Molecular Weight: 384.476
Melting Point (°C): 

–12 to –15 (Montgomery 1993; Tomlin 1994; Milne 1995)
–13 (Lide 2003)

Boiling Point (°C):
164–165 (at 0.3 mmHg, Hartley & Kidd 1987; Howard 1991; Tomlin 1994; Milne 1995) 

Density (g/cm3 at 20°C): 
1.22 (Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993; Tomlin 1994; Milne 1995)

Molar Volume (cm3/mol):
350.2 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

2.0 (Metcalf 1971, 1974)
0.60 (Miles 1976; Miles & Harris 1978)
1.0 (20–25°C, selected, Willis & McDowell 1982; Gerstl & Helling 1987)
1.1 (19.5°C, shake flask-GC, Bowman & Sans 1983b)
1.1 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.68, 0.76 (20°C, 30°C, Montgomery 1993)
2.0 (Tomlin 1994)

Vapor Pressure (Pa at 25°C):

0.0002 (Khan 1980; Merck Index 1983, 1989)
0.0002 (Worthing 1983, Worthing & Hance 1991)
0.0002 (Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994)
1.50 × 10–4 (20°C, selected, Suntio et al. 1988)
3.20 × 10–4 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
1.58 × 10–4 (gradient GC method; quoted lit., Tsuzuki 2000)
1.58 × 10–4; 4.17 × 10–5, 1.58 × 10–4 (gradient GC method; estimation using modified Watson method: Sugden’s

parachor, McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.0699 (calculated-P/C, Lyman et al. 1982; quoted, Howard 1991)
0.032 (20°C, calculated-P/C, Suntio et al. 1988)
0.0384 (calculated-P/C, Montgomery 1993)
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Octanol/Water Partition Coefficient, log KOW:

5.07 (Hansch & Leo 1979)
5.073 (shake flask-GC, Bowman & Sans 1983b)
5.07 (recommended, Sangster 1993)
4.28, 5.07 (Montgomery 1993)
5.07 (selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

2.77 (estimated-log KOW, Howard 1991)
2.77 (estimated-S, Howard 1991)

Sorption Partition Coefficient, log KOC at 25°C or as indicated: 

4.19 (average of 4 soils, King & McCarthy 1968)
4.19 (soil, Hamaker & Thompson 1972; Kenaga & Goring 1980)
3.81, 3.94. 4.0 (organic soil, Beverley sandy loam, Plainsfield sand, Sharom et al. 1980)
3.66 (calculated-MCI χ, Gerstl & Helling 1987)
4.19; 4.28 (reported as log KOM, estimated as log KOM, Magee 1991)
4.06, 4.12 (soil, quoted exptl., calculated-MCI χ and fragment contribution, Meylan et al. 1992)
4.00 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
3.54–4.34 (Montgomery 1993)
4.43 (estimated-chemical structure, Lohninger 1994)
4.06 (calculated-MCI 1χ, Sabljic et al. 1995)
3.70, 3.95 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: using Henry’s law constant, t½ ~ 102 d from a model river 1-m deep, flowing 1 m/s with wind
velocity of 3 m/s (Lyman et al. 1982; quoted, Howard 1991).

Photolysis:
Oxidation: photooxidation t½ ~ 6.95 h for the vapor-phase reaction with hydroxyl radicals in air (Howard 1991).
Hydrolysis: half-lives in water at 25°C and pHs of 4.5, 5.0, 6.0, 7.0 and 8.0 were 99, 63, 58, 25, and 8.4 wk,

respectively (Chapman & Cole 1982; quoted, Montgomery 1993); 
t½(exptl) = 20.8 wk was determined in buffered distilled water at 30°C between pH 4 and 7, t½ = 8.9 wk at

pH 8 and t½ = 1 d at pH 10 (Dierberg & Pfeuffer 1983; quoted, Howard 1991); 
t½ = 390 d at pH 9 (Tomlin 1994).

Biodegradation: t½ > 24 wk in sterile sandy loam and t½ = 7 wk in nonsterile sandy loam; t½ > 24 wk in sterile
organic soil and t½ = 8.0 wk in nonsterile organic soil (Miles et al. 1979; quoted, Howard 1991); 
t½ = 24–26 d in both sterilized and unsterilized Florida canal water over 12 wk observation (Dierberg &

Pfeuffer 1983; quoted, Howard 1991).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ ~ 6.95 h for the vapor-phase reaction with hydroxyl radical in air (Howard 1991). 
Surface water: t½ = 4 wk in river water (Eichelberger & Lichtenberg 1971).
Ground water:
Sediment:
Soil: t½ > 24 wk in sterile sandy loam and t½ = 7 wk in nonsterile sandy loam; t½ > 24 wk in sterile organic soil

and t½ = 8.0 wk in nonsterile organic soil (Miles et al. 1979; quoted, Howard 1991); 
selected field t½ = 150 d (Wauchope et al. 1992; Hornsby et al. 1996); 
t½ = 90 d in soil (Tomlin 1994).

Biota:
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18.1.1.38 Ethoprop

Common Name: Ethoprop
Synonym: ethoprophos
Chemical Name: O-ethyl S,S-dipropylphosphorodithioate
CAS Registry No: 13194-48-4
Uses: insecticide/nematicide
Molecular Formula: C8H19O2PS2

Molecular Weight: 242.340
Melting Point (°C): liquid

20 (Montgomery 1993)
Boiling Point (°C):

86–91/0.2 mmHg (Spencer 1982; Hartley & Kidd 1987; Worthing & Walker 1987; Montgomery 1993; Tomlin
1994)

Density (g/cm3 at 20°C): 
1.094 (Spencer 1982; Hartley & Kidd 1987; Worthing & Walker 1987; Montgomery 1993; Tomlin 1994)

Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C):

700 (20°C, Hartley & Kidd 1987; Tomlin 1994)
750 (Worthing & Walker 1987)
700 (Montgomery 1993)
750 (selected, Wauchope et al. 1992; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C):

0.0465 (26°C, Hartley & Kidd 1987)
0.0465 (20°C, Montgomery 1993)
0.0507 (selected, Wauchope et al. 1992; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C):

0.0161 (calculated-P/C, Montgomery 1993; Majewski & Capel 1995)

Octanol/Water Partition Coefficient, log KOW:

3.59 (21°C, Montgomery 1993; Tomlin 1994)
3.59 (quoted, Sabljic et al. 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

Sorption Partition Coefficient, log KOC: 

1.41–2.20 (soil, quoted values, Wauchope et al. 1992)
1.85 (soil, Wauchope et al. 1992; Hornsby et al. 1996)
1.82–2.27 (Montgomery 1993)
1.80 (soil, calculated-MCI, Sabljic et al. 1995)
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Environmental Fate Rate Constants, k, or Half-Lives, t½:

Hydrolysis: stable in water up to 100°C at pH 7, but rapidly hydrolyzed at 25°C at pH 7 (Worthing 1987; Tomlin
1994).

Half-Lives in the Environment:

Soil: t½ ~ 87 d in humus-containing soil at pH 4.5 and t½ = 14–28 d in sandy loam at pH 7.2–7.3 (Hartley &
Kidd 1987; Montgomery 1993; Tomlin 1994); 
field t½ = 87 d in organic soil, t½ = 1–28 d in sandy soil; others t½ = 3–63 d; recommended t½ = 25 d

(Wauchope et al. 1992; Hornsby et al. 1996).
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18.1.1.39 Fenitrothion

Common Name: Fenitrothion
Synonym: Accothion, Agria 1050, Agrothion, Arbogal, Cyfen, Cytel, Dybar, Falithion, Fenitox, Kotion, Sumithion
Chemical Name: O,O-dimethyl O-4-nitro-m-tolyl phosphorothioate; phosphorothioic acid O,O-dimethyl O-4-nitro-m-

tolyl ester; O,O-dimethyl O-(3-methyl-4-nitrophenyl) phosphorothioate
Uses: insecticide to control boring, chewing and sucking insects in cereals, cotton, maize, sorghum, citrus fruit, pome

fruit, stone fruit, soft fruit, vines, bananas, olives, rice, soybeans, beet, sugar cane, oilseed rape, vegetables, lucerne,
coffee, cocoa, tea, tobacco, ornamentals and forestry; also used as a public health insecticide to control household
insects, flies in animal houses, mosquito larvae, and locusts. 

CAS Registry No: 122-14-5
Molecular Formula: C9H12NO5PS
Molecular Weight: 277.234
Melting Point (°C): 

3.4 (Tomlin 1994)
Boiling Point (°C):

164 (at 1 mmHg, Worthing & Hance 1991; Milne 1995)
140–145 (at 0.1 mmHg, dec., Tomlin 1994)

Density (g/cm3 at 20°C): 
1.328 (Worthing & Hance 1991; Tomlin 1994)
1.3227 (25°C, Milne 1995)

Molar Volume (cm3/mol):
229.7 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
7.20 (Kortum et al. 1961; Wolfe 1980)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

30 (Macy 1948; Hamaker 1975; Kenaga 1980; Kenaga & Goring 1980)
30 (20°C, Bright et al. 1950; Melnikov 1971; Hamaker 1975)
25.2 (20°C, shake flask-GC, Bowman & Sans 1979)
38.7 (20–25°C, shake flask-GC, Kanazawa 1981)
21 (20°C, Worthing & Hance 1991; Tomlin 1994)
30 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996) 
30 (21°C, Milne 1995) 

Vapor Pressure (Pa at 25°C or as indicated):

8.0 × 10–3 (20°C, Melnikov 1971)
7.2 × 10–3 (20°C, Freed et al. 1979)
8.0 × 10–4 (20°C, Hartley & Graham-Bryce 1980; Khan 1980)
5.5 × 10–3 (gas saturation method, Addison 1981)
5.4 × 10–3 (gas saturation-extrapolated, Addison 1981)
8.0 × 10–3 (Budavari 1989)
1.1 × 10–2 (GC-RT correlation, supercooled liquid value, Hinckley et al. 1990)
1.5 × 10–4 (20°C, Worthing & Hance 1991) 
1.3 × 10–4 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
0.0180 (20°C, Tomlin 1994) 
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0.00316 (gradient GC method, Tsuzuki 2000)
3.23 × 10–3; 3.47 × 10–3, 2.18 × 10–3 (gradient GC method; estimation using modified Watson method: Sugden’s

parachor, McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C):

0.0942, 0.0669 (exptl., estimated Metcalf et al. 1980)
0.0962 (calculated-bond contribution method, Meylan & Howard 1991)
0.0012 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

3.38 (20°C, shake flask-GC, Chiou et al. 1977)
3.30 (shake flask, Mundy et al. 1978)
3.38 (shake flask-GC, Freed et al. 1979)
3.36 (Rao & Davidson 1980)
3.44 (shake flask-GC, Kanazawa 1981, 1989)
3.397 (shake flask-GC, Bowman & Sans 1983b)
3.16 (shake flask-HPLC, Moody et al. 1987)
3.466 ± 0.003 (shake flask/slow-stirring method, De Bruijn & Hermens 1991; De Bruijn et al. 1993)
3.43 (20°C, Worthing & Hance 1991; Tomlin 1994) 
2.96 (RP-HPLC-RT correlation, Saito et al. 1993)
3.03 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
3.30 (recommended, Sangster 1993)
3.43 (Milne 1995)
3.30 (selected, Hansch et al. 1995)
3.03 (RP-HPLC-RT correlation, Finizio et al. 1997)

Bioconcentration Factor, log BCF:

1.00 (fish in static water, Leo et al. 1971; Kenaga & Goring 1980)
2.23 (motsugo, Kanazawa 1975)
2.34 (rainbow trout, Takimoto & Miyamoto 1976)
2.02 (mussel, McLeese et al. 1979)
1.96 (calculated-S, Kenaga 1980)
2.39 (Pseudorasbora parva, Kanazawa 1981)
2.34, 2.17 (mussel, calculated-KOW & models, Zaroogian et al. 1985)
2.11 (mussel, Zaroogian et al. 1985)
2.74, 2.75 (Oryzias latipes, Takimoto et al. 1984)
2.48 (Oryzias latipes, Takimoto et al. 1987)
2.60 (willow shiner, Tsuda et al. 1989)
3.36 ± 0.04 (guppy, calculated on an extractable lipid wt. basis, De Bruijn & Hermens 1991)
2.37, 2.72 (killifish, De Bruijn & Hermens 1991)
2.18, 2.31, 1.48 (minnow, motsugo, mullet, De Bruijn & Hermens 1991)
3.54 (Poecilia reticulata, De Bruijn & Hermens 1991)
2.30, 2.39 (rainbow trout, topmouth gudgeon, De Bruijn & Hermens 1991)
1.65, 1.68 (Oryzias latipes, Tsuda et al. 1995)

Sorption Partition Coefficient, log KOC: 

2.83 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
2.63 (average of 2 soils, Kanazawa 1989)
3.30 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
2.54, 2.76 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ = 6.3 d from the bottom of Palfrey Lake and t½ = 7.2 d from the surface of Palfrey Lake vs. a
calculated t½ = 20.6 d; 0.9 d from Palfrey Brook vs. a calculated t½ = 5.40 d (Metcalf et al. 1980).
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Photolysis: disappearance rate constant k = 0.053 h–1 with calculated first-order t½ = 13 h (Lacorte & Barcelo
1994).

Oxidation:
Hydrolysis: second-order alkaline hydrolysis rate constant k = 4.2 × 10–3 M–1 s–1 at 27°C (Maquire & Hale 1980;

quoted, Wolfe 1980); 
estimated half-lives at 22°C: t½ ~ 108.8 d at pH 4, t½ ~ 84.3 d at pH 7, and t½ ~ 75 d at pH 9 (Tomlin 1994).

Biodegradation: aerobic degradation k = 2.3 × 10–3 h–1 with t½ = 13.0 d for control system, k = 0.4 × 10–3 h–1

with t½ = 73.0 d for metabolism, k = 5.3 × 10–3 h–1 with t½ = 8.50 d for co-metabolism; anaerobic degradation
k = 1.7 × 10–3 h–1 with t½ = 17.0 d for control system, k = 3.9 × 10–3 h–1 with t½ = 9.6 d for metabolism,
k = 38.0 × 10–3 h–1 with t½ = 1.0 d for co-metabolism, by a mixture of microorganisms from activated sludge,
soil and sediment in cyclone fermentors (Liu et al. 1981)

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k1 = 88 d–1 (rainbow trout, Takimoto & Miyamoto 1976; quoted, McLeese et al. 1976)
k2 = 0.4 d–1 (rainbow trout, Takimoto & Miyamoto 1976; quoted, McLeese et al. 1976)
k2 = 0.070 h–1 (willow shiner, Tsuda et al. 1989)
k1 = (3.89 ± 1.39) × 10–3 mL g–1 d–1 (guppy, De Bruijn & Hermens 1991)
k2 = (1.13 ± 0.07) d–1 (guppy, De Bruijn & Hermens 1991)
k2 = 1.01 d–1 (guppy, calculated-KOW, De Bruijn & Hermens 1991)
k2 = (0.28 ± 0.02) × 10–3 (NADPH) min–1·mg protein–1 (rainbow trout, De Bruijn et al. 1993)
k2 = (0.15 ± 0.02) × 10–3 (GSH) min–1·mg protein–1 (rainbow trout, De Bruijn et al. 1993)

Half-Lives in the Environment:

Air:
Surface water: t½ = 15–168 h in summer, Palfrey Lake, Canada at pH 6.7, 11°C under sunlight conditions (Metcalfe

et al. 1980); 
t½ = 36–48 h at pH 7.0–7.5, 19–23°C under sunlight conditions, t½ = 518–1188 h at pH 7.5, 23°C under

dark conditions in Lac Bourgeous, Quebec (Greenhalgh et al. 1980); 
t½ = 5.5 d and 1.0 d under aerobic and anaerobic co-metabolism conditions, t½ = 73 d under aerobic

metabolism condition (Liu et al. 1981)
t½ = 13 h in winter, irrigation ditch from Ebre Delta, Spain under sunlight conditions, at pH 7.8, 11°C

(Lacorte & Barcelo 1994); 
t½ = 202 d at 6°C, t½ = 62 d at 22°C in darkness for Milli-Q water at pH 6.1; t½ = 103 d at 6°C, t½ = 31 d

at 22°C in darkness, t½ = 4 d under sunlight conditions for river water at pH 7.3; t½ = 143 d at 6°C, t½

= 27 d at 22°C in darkness for filtered water at pH 7.3; t½ = 224 d at 6°C, t½ = 34 d at 22°C in darkness,
t½ = 3 d under sunlight conditions in seawater (Arcachon Bay, France) at pH 8.1, 22–25°C (Lartiges &
Garri gues 1995); 

t½ = 11–19.3 h at pH 7.8–8.2, 25–20°C under sunlight conditions in rice crop field; t½ = 70–74 h at pH 8.2,
15–18°C under dark conditions from Ebre Delta, Spain (Oubina et al. 1996). 

Ground water:
Sediment:
Soil: selected field t½ = 4 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996); 

t½ = 12–28 d under upland conditions and t½ = 4–20 d under submerged conditions (Tomlin 1994).
Biota: excretion t½ = 9.9 h (willow shiner, Tsuda et al. 1989); 

elimination rate constants k = (0.28 ± 0.02) × 103 (NADPH) and (0.15 ± 0.02) × 103 (GSH) min–1·mg protein–1

(rainbow trout, De Bruijn et al. 1993); 
degradation t½ = 4 d in balsam fir and spruce foliage (Tomlin 1994).
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18.1.1.40 Fenoxycarb

Common Name: Fenoxycarb
Synonym: Insegar, Logic, Pictyl, Torus, Varikil
Chemical Name: ethyl 2-(4-phenoxyphenoxy)ethylcarbamate; ethyl[2-(p-phenoxy)ethyl]- carbamate
Uses: insecticide to control lepidoptera, scale insects, and psyllids on fruit, cotton and ornamentals; and also cockroaches,

fleas, mosquito larvae, and fire ants in public health situations.
CAS Registry No: 79127-80-3
Molecular Formula: C17H19NO4

Molecular Weight: 301.338
Melting Point (°C):

53 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.23 (Tomlin 1994)
Molar Volume (cm3/mol):

344.2 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.531 (mp at 53°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

6.0 (20°C, Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
5.7 (Worthing & Hance 1991)
6.0 (20–25°C, selected, Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated):

1.7 × 10–6 (Hartley & Kidd 1987)
7.8 × 10–6 (20°C, Worthing & Hance 1991)
8.7 × 10–7 (Tomlin 1994)
1.7 × 10–6 (20–25°C, selected, Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol):

8.5 × 10–5 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

4.30 (Worthing & Hance 1991; Milne 1995)
4.07 (Tomlin 1994)
4.30 (selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF: 

2.35 (calculated-S as per Kenaga 1980, this work)
3.11 (calculated-KOW as per Kenaga 1980, this work)

Sorption Partition Coefficient, log KOC: 

3.00 (20–25°C, estimated, Hornsby et al. 1996)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Half-Lives in the Environment:

Soil: t½ = 1.7–2.5 months in laboratory soil and water and t½ = few days to 31 d in field soil and water (Tomlin 1994); 
field t½ = 1 d (20–25°C, selected, Hornsby et al. 1996).
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18.1.1.41 Fenpropathrin

Common Name: Fenpropathrin
Synonym: Rody, Danitol, Meothrin, S-3206, Ortho Danitol, Herald, Meothrin
Chemical Name: (R,S)-α-cyano-3-phenoxybenzyl 2,2,3,3-tetramethylcyclopropanecarboxylate
CAS Registry No: 64257-84-7 (racemate); 39515-41-8 (unstated stereochemistry)
Uses: insecticide/acaricide (pyrethroid)
Molecular Formula: C22H23NO3

Molecular Weight: 349.423
Melting Point (°C):

47 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.15 (Hartley & Kidd 1987; Tomlin 1994)
Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.608 (mp at 47°C)

Water Solubility (g/m3 or mg/L at 25°C):

0.33 (Hartley & Kidd 1987)
0.0141 (Tomlin 1994)
0.33 (selected, Augustijn-Beckers et al. 1994)

Vapor Pressure (Pa at 25°C):

0.00073 (20°C, Hartley & Kidd 1987; Tomlin 1994)
0.00130, 0.00133 (quoted, Augustijn-Beckers et al. 1994)
7.33 × 10–4 (selected, Augustijn-Beckers et al. 1994)

Henry’s Law Constant (Pa·m3/mol at 25°C):

Octanol/Water Partition Coefficient, log KOW:

6.0 (20°C, Tomlin 1994)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

Sorption Partition Coefficient, log KOC: 

6.75, 3.70 (quoted, estimated, Augustijn-Beckers et al. 1994)
3.70 (soil, estimated and selected, Augustijn-Beckers et al. 1994)

Environmental Fate Rate Constants, k, or Half-Lives:

Volatilization:
Photolysis: degraded principally by photolysis, t½ = 2.7 wk in river water (Hartley & Kidd 1987; Tomlin 1994).
Oxidation:
Hydrolysis: decomposed in alkaline solution (Hartley & Kidd 1987; Tomlin 1994).
Biodegradation:
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Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water: degraded principally by photolysis, t½ = 2.7 wk in river water (Hartley & Kidd 1987; Tomlin 1994).
Ground water:
Sediment:
Soil: duration of activity in soil 1–5 d (Hartley & Kidd 1987; Tomlin 1994);

reported field t½ = 8–144 d, recommended field t½ = 5 d (Augustijn-Beckers et al. 1994).
Biota:
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18.1.1.42 Fensulfothion

Common Name: Fensulfothion
Synonym: Dassnit, Terracur
Chemical Name: O,O-diethyl O-4-methylsulphinylphenyl phosphorothioate
Uses: insecticide/nematicide
CAS Registry No: 115-90-2
Molecular Formula: C11H17O4PS2

Molecular Weight: 308.354
Melting Point (°C): 

yellow-brown oil (Spencer 1982; Hartley & Kidd 1987)
< 25 (Montgomery 1993)

Boiling Point (°C): 
138–141/0.01 mmHg (Hartley & Kidd 1987, Worthing & Walker 1987; Howard 1991)

Density (g/cm3): 
1.202 (20°C, Spencer 1982, Hartley & Kidd 1987; Worthing & Walker 1987)

Acid Dissociation Constant, pKa:
Molar Volume (cm3/mol):
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C, F: 1.0

Water Solubility (g/m3 or mg/L at 25°C):

1600 (Spencer 1982)
2000 (20°C, shake flask, Bowman & Sans 1979, 1983b)
1540 (Hartley & Kidd 1987; Worthing & Walker 1987)
1540 (selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C):

9.09 × 10–5 (Howard 1991)
6.67 × 10–3 (selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol):

1.40 × 10–5 (calculated-P/C, Howard 1991)

Octanol/Water Partition Coefficient, log KOW:

2.23 (shake flask-concn ratio-GC, Bowman & Sans 1983)
2.23 (Montgomery 1993)
2.23 (recommended, Sangster 1993)
2.23 (recommended, Hansch et al. 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

1.46, 0.93 (calculated-KOW, solubility, Howard 1991)
1.68 (killifish Oryzias latipes, after 48–72 h exposure, Tsuda et al. 1995)
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Sorption Partition Coefficient, log KOC: 

1.83, 2.11 (estimated, Howard 1991)
1.89 (calculated, Montgomery 1993)
2.09–2.57 (Augustijn-Beckers et al. 1994)
2.48 (soil, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
2.52 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
3.45, 2.266, 2.11, 2.26, 2.85 (first generation EUROSOILS ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch

equilibrium-HPLC/UV, Gawlik et al. 1998, 1999)
3.05, 2.44, 2.15, 2.237, 2.85 (second generation EUROSOILS ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch

equilibrium-HPLC/UV, Gawlik et al. 1999)
3.053, 2.443, 2.150, 2.237, 2.848 (second generation EUROSOILS ES-1, ES-2, ES-3, ES-4, ES-5, shake

flask/batch equilibrium-HPLC/UV and HPLC-k′ correlation, Gawlik et al. 2000)
2.52; 2.94, 2.62 (soil, quoted obs.; estimated-class-specific model, estimated-general model using molecular

descriptors, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, and Half-Lives, t½:

Volatilization:
Photolysis:
Photooxidation:
Hydrolysis: t½ = 58–87 d over pH range of 4.5–8.0 at 25°C in pure water (Howard 1991).
Biodegradation: field t½ ~ 30 d (estimated, Augustijn-Becker et al. 1994).
Biotransformation:
Bioconcentration and Uptake and Elimination Rate Constants (k1 and k2):

k2 = 0.17 h–1 (killifish Oryzias latipes, Tsuda et al. 1995)

Half-Lives in the Environment:

Air: t½ = 7.03 h for reaction with OH radicals in the atmosphere (Howard 1991).
Surface water: t½ = 58–87 d in pure water at 25°C over the pH range of 4.5–8.0 (Howard 1991).
Ground water:
Sediment:
Soil: t½ < 1 wk to several weeks in soil (Howard 1991); 

field t½ = 3 to 182 d and t½ ~ 30 d (estimated, Augustijn-Becker et al. 1994; Hornsby et al. 1996).
Biota:
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18.1.1.43 Fenthion

Common Name: Fenthion
Synonym: Bay 29493, Baycid, Bayer 9007, Baytex, Baycid, DMTP, Ekalux, ENT 25540, Entex, Lebacid, Lebaycid,

Mercaptophos, MPP, NCI-C08651, OMS 2, Queletox, Spottan, Talodex, Tiquvon
Chemical Name: O,O-dimethyl O-(3-methyl-4-(methylthio)phenyl) phosphorothioate; O,O-dimethyl O-4-methylthio-m-

tolyl phosphorothioate
Uses: insecticide with contact, stomach and respiratory action and also used as acaricide and cholinesterase inhibitor.
CAS Registry No: 55-38-9 
Molecular Formula: C10H15O3PS2
Molecular Weight: 278.328
Melting Point (°C): 

7.0 (Montgomery 1993)
7.5 (Tomlin 1994; Milne 1995)

Boiling Point (°C):
87.0 (at 0.01 mmHg, Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993; Tomlin 1994;

Milne 1995)
Density (g/cm3 at 20°C): 

1.246 (Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
1.25 (Worthing & Hance 1991; Montgomery 1993)

Molar Volume (cm3/mol):
264.6 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Vaporization, ∆HV (kJ/mol):

89.31 (Rordorf 1989)
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

55 (Günther et al. 1968; Martin & Worthing 1977; Budavari 1989)
54–56 (rm. temp., Spencer 1973, 1980)
56 (22°C, Khan 1980)
55 (22°C, Verschueren 1983)
7.51 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
9.3 (20°C, shake flask-GC, Bowman & Sans 1985)
54–56 (20°C, Hartley & Kidd 1987)
2.0 (20°C, Worthing & Walker 1987; Worthing & Hance 1991; Milne 1995)
2.0, 4.2, 7.51, 9.3, 50 (20°C, literature data variability, Heller et al. 1989)
4.2 (20–25°C, selected, Wauchope et al. 1992; Lohninger 1994; Hornsby et al. 1996) 
9.30, 11.3 (20°C, 30°C, Montgomery 1993)
4.2 (20°C, Tomlin 1994) 

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations):

4.0 × 10–3 (20°C, Eichler 1965)
4.0 × 10–3 (20°C, Melnikov 1971)
4.0 × 10–3 (20°C, Hartley & Graham-Bryce 1980)
4.0 × 10–3 (20°C, Khan 1980; Budavari 1989; Worthing & Hance 1991; Montgomery 1993)
8.4 × 10–3 (20°C, GC-RT correlation, Kim et al. 1984; Kim 1985)
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4.0 × 10–3, 10 × 10–3 (20°C, 30°C, Hartley & Kidd 1987)
4.0 × 10–3 (20°C, selected, Suntio et al. 1988)
2.5 × 10–3, 4.0 × 10–2, 0.43, 3.40, 21.0 (25, 50, 70, 100, 125°C, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 13.037 – 4665.2/(T/K); measured range 32.7–160°C (liquid, gas saturation-GC, Rordorf 1989)
3.7 × 10–4 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
7.4 × 10–4 (Tomlin 1994)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.022 (20°C, calculated-P/C, Suntio et al. 1988)
0.547 (Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW: 

4.09 (shake flask-GC, Bowman & Sans 1983b)
4.167 ± 0.009 (shake flask/slow-stirring method, De Bruijn & Hermens 1991)
4.09, 4.84 (Montgomery 1993)
3.56 (RP-HPLC correlation, Saito et al. 1993)
4.09 (recommended, Sangster 1993)
4.84 (Tomlin 1994)
4.09 (selected, Hansch et al. 1995)
4.17 (RP-HPLC-RT correlation, Nakamura et al. 2001)

Bioconcentration Factor, log BCF:

1.81 (calculated-S, Kenaga 1980)
–4.50 (beef biotransfer factor log Bb, correlated-KOW, MacDougall 1972)
–5.60 (milk biotransfer factor log Bm, correlated-KOW, Johnson & Bowman 1972)
4.22 ± 0.08 (guppy, calculated on an extractable lipid wt. basis, De Bruijn & Hermens 1991)
4.17 (Poecilia reticulata, De Bruijn & Hermens 1991)
2.68 (whole body willow shiner after 24–168 h exposure, Tsuda et al. 1992)
1.34, 1.46, 1.43, 1.41 (whole body carp: 24 h, 72 h, 120 h, and 148 h; Tsuda et al. 1993)
1.96 (killifish Oryzias latipes, after 12–72 h exposure, Tsuda et al. 1995)
1.96, 2.02 (Oryzias latipes, Tsuda et al. 1995; quoted, Devillers et al. 1996)

Sorption Partition Coefficient, log KOC: 

2.68 (calculated-S, Kenaga 1980)
3.18 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
3.31 (soil, HPLC-screening test, mean value of different stationary and mobile phases, Kördel et al.

1993, 1995a, b)
0.89–1.58 (Montgomery 1993)
3.18 (Tomlin 1994; Lohninger 1994)
3.31; 3.37 (HPLC-screening method; calculated-PCKOC fragment method, Müller & Kördel 1996)
4.35, 3.55, 3.46, 3.146, 3.64 (first generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch

equilibrium-HPLC/UV, Gawlik et al. 1998)
3.10 (sandy loam soil, column equilibrium method-HPLC/UV, 20°C, Xu et al. 1999)
3.716, 3.658, 3,450, 3.226, 3.292 (second generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch

equilibrium-HPLC/UV and HPLC-k′ correlation, Gawlik et al. 2000)
3.50, 3.00 (soil, estimated-class-specific model, estimated-general model using molecular descriptors, Gramat-

ica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis:
Oxidation:
Hydrolysis: t½ = 223 d at pH 4, t½ = 200 d at pH 7, and t½ = 151 d at pH 9 at 22°C (Tomlin 1994).
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Biodegradation: rate constants k = –0.00745 h–1 in nonsterile sediment and k = –0.00199 h–1 in sterile sediment
by shake-tests at Range Point and k = –0.00129 h–1 in nonsterile water by shake-tests at Range Point (Walker
et al. 1988).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k1 = (8.81 ± 0.72) × 10–3 mL g–1 d–1 (guppy, De Bruijn & Hermens 1991)
k2 = (0.60 ± 0.02) d–1 (guppy, De Bruijn & Hermens 1991)
k2 = 0.42 d–1 (guppy, calculated-KOW, De Bruijn & Hermens 1991)
k2 = 0.07 h–1 (whole body willow shiner, Tsuda et al. 1992)
k2 = 0.34 h–1 (carp, Tsuda et al. 1992)
k2 = (0.64 ± 0.09) × 10–3 (NADPH) min–1·mg protein–1 (rainbow trout, De Bruijn et al. 1993)
k2 = (0.12 ± 0.02) × 10–3 (GSH) min–1·mg protein–1 (rainbow trout, De Bruijn et al. 1993)
k2 = 0.14 h–1 (killifish Oryzias latipes, Tsuda et al. 1995)

Half-Lives in the Environment:

Air:
Surface water: persistence of up to 4 wk in river water (Eichelberger & Lichtenberg 1971); 

t½ = 189 d at 6°C, 71 d at 2 2°C in darkness for Mill-Q water at pH 6.1; t½ = 149 d at 6°C, t½ = 42 d at
22°C in darkness, t½ = 2 d under sunlight conditions for river water at pH 7.3; t½ = 104 d at 6°C, t½ = 33 d
at 22°C in darkness for filtered river water, pH 7.3; t½ = 227 d at 6°C, t½ = 26 d at 22°C in darkness,
t½ = 5 d under sunlight conditions for seawater at pH 8.1 (Lartiges & Garrigues 1995).

Ground water:
Sediment:
Soil: selected field t½ = 34 d (Wauchope et al. 1992; Hornsby et al. 1996); 

t½ ~ 1 d in soil and water (Tomlin 1994).
Biota: excretion rate constant k = 0.07 h–1 from whole body willow shiner (Tsuda et al. 1992); 

elimination rate constants k = (0.64 ± 0.09) × 10–3 (NADPH) and k = (0.12 ± 0.02) × 10–3 (GSH) min–1·mg
protein–1 (rainbow trout, De Bruijn et al. 1993); 

excretion rate constant k = 0.34 h–1 with t½ = 2.0 d from carp (Tsuda et al. 1993).
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18.1.1.44 Fenvalerate

Common Name: Fenvalerate
Synonym: Belmark, Ectrin, Pydrin, Pyrethroid, S 5602, Sanmarton, SD 43775, Sumicide, Sumicidin, Sumifly, Sumip-

ower, WL 43775
Chemical Name: (RS)-α-cyano-3-phenoxybenzyl (RS)-2-(4-chlorophenyl)-3-methylbutyrate; cyano-(3-phenoxyphenyl)-

methyl 4-chloro-α-(-1-methylethyl)benzeneacetate
Uses: non-systemic insecticide to control a wide variety of pests and also used as acaricide
CAS Registry No: 51630-58-1
Molecular Formula: C25H22ClNO3

Molecular Weight: 419.901
Melting Point (°C): liquid
Boiling Point (°C):

decomposes on distillation (Hartley & Kidd 1987; Tomlin 1994)
Density (g/cm3 at 20°C): 

1.26 (22°C, Spencer 1982)
1.17 (23°C, Hartley & Kidd 1987; Milne 1995)
1.175 (tech. grade at 25°C, Worthing & Hance 1991; Montgomery 1993; Tomlin 1994)

Molar Volume (cm3/mol):
479.6 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.085 (shake flask-GC, Coats & O’Donnell-Jafferey 1979)
0.085 (Verschueren 1983; quoted, Pait et al. 1992)
0.024 (in seawater, Schimmel et al. 1983; Zaroogian et al. 1985; Clark et al. 1989)
<1.0 (20°C, Worthing 1979, 1987; Spencer 1982)
<1.0 (20°C, Hartley & Kidd 1987; Montgomery 1993; Milne 1995)
< 0.02 (Davies & Lee 1987; quoted, Kawamoto & Urano 1989)
<1.0 (tech. grade at 20°C, Worthing & Walker 1991)
0.002 (20–25°C, selected, Wauchope 1989; Wauchope et al. 1992; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated):

4.90 × 10–7 (Barlow 1978)
3.07 × 10–5 (Worthing 1979)
1.33 × 10–5 (22°C, Spencer 1982)
3.70 × 10–5 (Hartley & Kidd 1987)
1.47 × 10–6 (Budavari 1989)
3.73 × 10–5 (Kawamoto & Urano 1989)
8.10 × 10–7 (GC-RT correlation, supercooled liquid value, Hinckley et al. 1990)
3.70 × 10–5 (tech. grade, Worthing & Hance 1991)
1.47 × 10–6 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
1.92 × 10–7 (20°C, Tomlin 1994)
1.78 × 10–6 (solid PS, converted from PL determined by GC-RT correlation, Tsuzuki 2001) 
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Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.0152 (20–25°C, calculated-P/C, Montgomery 1993)
0.308 (20–25°C, calculated-P/C as per Wauchope et al. 1992, Majewski & Capel 1995)
0.0211 (calculated-P/C, this work)

 Octanol/Water Partition Coefficient, log KOW at 25°C or as indicated:

4.42 (shake flask-GC, Coats & O’Donnell-Jafferey 1979)
6.20 (shake flask-GC, Schimmel et al. 1983)
5.2 ± 0.6 (HPLC-RT correlation, Muir et al. 1985)
6.65 (shake flask, Log P Database, Hansch & Leo 1987)
6.25 (HPLC-RT correlation, Kawamoto & Urano 1989)
4.09 (23°C, Worthing & Walker 1991)
6.25 (HPLC-RT correlation, Hu& Leng 1992)
4.09–6.25 (Montgomery 1993)
6.20 (recommended, Sangster 1993)
5.01 (23°C, Tomlin 1994)
6.20 (recommended, Hansch et al. 1995)
4.08 (23°C, Milne 1995)

Bioconcentration Factor, log BCF:

3.67 (quoted, Schimmel et al. 1983)
1.67–1.84 (sand, 24 h BCF for chironomid larvae in water, Muir et al. 1985)
2.01–2.24 (sand, 24 h BCF for chironomid larvae in sediment, Muir et al. 1985)
1.30–1.53 (sand, 24 h BCF for chironomid larvae in sediment/pore water, Muir et al. 1985)
1.62–1.87 (silt, 24 h BCF for chironomid larvae in water, Muir et al. 1985)
1.36–2.06 (silt, 24 h BCF for chironomid larvae in sediment, Muir et al. 1985)
1.26–1.97 (silt, 24 h BCF for chironomid larvae in sediment/pore water, Muir et al. 1985)
1.36–1.51 (clay, 24 h BCF for chironomid larvae in water, Muir et al. 1985)
2.09–2.19 (clay, 24 h BCF for chironomid larvae in sediment, Muir et al. 1985)
0.95–1.70 (clay, 24 h BCF for chironomid larvae in sediment/pore water, Muir et al. 1985)
4.48, 4.57 (oyster, calculated-KOW & models, Zaroogian et al. 1985)
4.48, 4.57 (sheepshead minnow, calculated-KOW & models, Zaroogian et al. 1985)
3.67 (oyster, Zaroogian et al. 1985; quoted, Hawker & Connell 1986)
–3.09 (milk biotransfer factor log Bm, correlated-KOW, Wszolek et al. 1980; quoted, Travis & Arms 1988)
2.61, 2.96 (Oncorhynchus mykiss, Muir et al. 1994; quoted, Devillers et al. 1996)
2.70 (calculated, Pait et al. 1992)

Sorption Partition Coefficient, log KOC: 

2.58 (silt, reported as KP on 78% DOC, Muir et al. 1985)
2.61 (clay, reported as KP on 61% DOC, Muir et al. 1985)
1.30 (selected, USDA 1989; quoted, Neary et al. 1993)
3.72 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
3.64 (calculated, Montgomery 1993)
3.72 (estimated-chemical structure, Lohninger 1994)
3.74 (soil, calculated-MCI 1χ, Sabljic et al. 1995)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Biodegradation: rate constant k(aerobic) = 0.055 d–1 with t½ = 13 d at 20°C by aerobic activated sludge, and
k(anaerobic) = 0.055 d–1 with t½ = 13 d at 20°C by anaerobic microorganisms (batch contacting method,
Kawamoto & Urano 1990).

Half-Lives in the Environment:

Air:
Surface water: t½ = 14 d in 100 mL of a pesticide-seawater solution under outdoor light, t½ > 14 d under outdoor

dark condition and t½ > 28 d under indoor condition (Schimmel et al. 1983); 
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t½ = 27–42 d in an estuary (Schimmel et al. 1983; quoted, Montgomery 1993).
t½ = 13 d biodegradation by aerobic activated sludge or anaerobic microorganisms cultivated by an artificial

sewage (Kawamoto & Urano 1990).
Ground water:
Sediment: t½ = 34 d in 10 g of sediment/100 mL of a pesticide-seawater solution in untreated condition and

t½ > 28 d in sterile condition (Schimmel et al. 1983).
Soil: selected field t½ = 35 d (Wauchope et al. 1992; Hornsby et al. 1996).

soil t½ = 50 d (Pait et al. 1992).
Biota: average t½ = 35 d in the forest (USDA 1989; quoted, Neary et al. 1993).
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18.1.1.45 Flucythrinate

Common Name: Flucythrinate
Synonym: AC 222705, Cybolt, Cythrin, Pay-Off
Chemical Name: (RS)-α-cyano-3-phenoxybenzyl(S)-2-(4-difluoromethoxyphenyl)-3-methylbutyrate; cyano(3-phenoxy

phenyl)methyl 4-(difluoromethoxy)-α-(1-methylethyl)benzeneacetate
Uses: non-systemic insecticide with contact and stomach action to control a wide range of insect pests in cotton, fruit

trees, strawberries, vines, fruits, olives, coffee, cocoa, hops, vegetables, soybeans, cereals, maize, alfalfa, sugar beet,
sunflowers and ornamentals

CAS Registry No: 70124-77-5
Molecular Formula: C26H23F2NO4

Molecular Weight: 451.463
Melting Point (°C):

< 25 (dark amber liquid, Montgomery 1993)
Boiling Point (°C):

108.0 (at 0.35 mmHg, Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993; Tomlin 1994;
Milne 1995)

Density (g/cm3 at 20°C): 
1.189 (22°C, Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994; Milne 1995)
1.190 (22°C, Worthing & Hance 1991)

Molar Volume (cm3/mol):

499.9 (calculated-Le Bas method at normal boiling point)
379.4 (22°C, calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.049 (in seawater, Schimmel et al. 1983)
0.50 (21°C, Hartley & Kidd 1987; Worthing & Walker 1987, 1991; Tomlin 1994; Milne 1995)
0.06 (20–25°C, selected, Wauchope 1989; Hornsby et al. 1996) 
0.50 (21°C, Montgomery 1993)

Vapor Pressure (Pa at 25°C or as indicated):

1.2 × 10–6 (Hartley & Kidd 1987; Worthing & Hance 1991; Tomlin 1994)
9.066 (Montgomery 1993)
2.69 × 10–6, 2.2 × 10–6 (liquid PL, GC-RT correlation; Donovan 1996)
1.2 × 10–6 (20–25°C, selected, Hornsby et al. 1996)
2.82 × 10–6 (solid PS, converted from PL determined by GC-RT correlation method, Tsuzuki 2001) 

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

8187 (21–25°C, calculated-P/C, 8.08 × 10–2 atm·m3/mol, Montgomery 1993)
0.0011 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

6.28 (shake flask-GC, Schimmel et al. 1983)
6.20 (Clark et al. 1989)
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2.08 (Worthing & Hance 1991; Tomlin 1994; Milne 1995)
5.55 (shake flask, Huang & Leng 1993)
4.70 (Montgomery 1993)
6.20 (recommended, Sangster 1993)
6.20 (selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

2.96 (calculated-S as per Kenaga 1980, this work)

Sorption Partition Coefficient, log KOC: 

3.81 (calculated, Montgomery 1993)
5.00 (20–25°C, selected, Hornsby et al. 1996)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: t½ ~ 21 d for degradation on soil plates by simulated sunlight and t½ = 4.0 d in aqueous solutions

(Tomlin 1994).
Oxidation:
Hydrolysis: t½ = 40, 52, and 6.3 d at pH 3, 5, 9 all at 27°C (Hartley & Kidd 1987; Montgomery 1993; Tomlin

1994).
Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water: t½ = 34 d in an estuarine environment (Schimmel et al. 1983; quoted, Montgomery 1993).
Ground water:
Sediment:
Soil: t½ ~ 2 months in soil (Tomlin 1994); 

field t½ = 21 d (20–25°C, selected, Hornsby et al. 1996).
Biota:

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3867

18.1.1.46 Fonofos

Common Name: Fonofos
Synonym: Difonate, Dyfonate, ENT-25796, Fonophos, N 2788, N-2790, Stauffer NA 2790
Chemical Name: O-ethyl S-phenyl (RS)-ethylphosphorodithioate; ( ± )-O-ethyl S-phenyl ethylphosphorodithioate
Uses: soil insecticide to control rootworms, wireworms, crickets and similar crop pests in vegetables, sorghum, ornamentals,

cereals, maize, vines, olives, sugar beet, sugar cane, potatoes, groundnuts, tobacco, turf, and fruit crops
CAS Registry No: 944-22-9 (unstated stereochemistry); 66767-39-3 (racemate); 62705-71-9 (R)-isomer; 62680-03-9

(S)-isomer
Molecular Formula: C10H15OPS2

Molecular Weight: 246.329
Melting Point (°C): liquid
Boiling Point (°C):

130 (at 0.1 mmHg, Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993; Tomlin 1994;
Milne 1995)

Density (g/cm3 at 20°C): 
1.160 (25°C, Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
1.154 (Worthing & Hance 1991; Montgomery 1993)

Molar Volume (cm3/mol):
213.4 (calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

13 (22°C, Spencer 1973)
13 (Wauchope 1978)
15.7 (20°C, shake flask-GC, Bowman & Sans 1979, 1983b)
13 (Hartley & Kidd 1987; Worthing & Hance 1991; Milne 1995)
13 (20°C, Worthing & Walker)
16.9 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
13 (rm. temp., Montgomery 1993) 
13 (22°C, Tomlin 1994) 

Vapor Pressure (Pa at 25°C or as indicated):

0.0267 (Menn 1969; Fuhrmann & Lichtenstein 1980)
0.028 (Khan 1980; Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994)
0.028 (Worthing & Walker 1987; Worthing & Hance 1991)
0.0453 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.5206 (calculated-P/C as per Worthing & Walker 1987, Schomburg et al. 1991)
0.5268 (20–25°C, calculated-P/C, Montgomery 1993)
0.530 (calculated-P/C as per Worthing & Walker 1987, Majewski & Capel 1995)

Octanol/Water Partition Coefficient, log KOW at 25°C or as indicated: 

3.892 (shake flask-GC, Bowman & Sans 1983b)
3.94 (shake flask, Log P Database, Hansch & Leo 1987)
3.90 (20°C, Worthing & Hance 1991)

S
P
S
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3.89, 3.90 (Montgomery 1993)
3.94 (recommended, Sangster 1993)
3.94 (Tomlin 1994)
3.90 (Milne 1995)
3.94 (recommended, Hansch et al. 1995)

Bioconcentration Factor, log BCF: 

1.89 (mosquito fish, wet wt. basis, De Bruijn & Hermens 1991)

Sorption Partition Coefficient, log KOC at 25°C or as indicated: 

2.3–2.7 (selected, sediment/water, Schnoor & McAvoy 1981; Schnoor 1992)
1.83 (screening model calculations, Jury et al. 1987b)
1.18 (loam soil, Worthing & Hance 1991)
2.94 (soil, 20–25°C, selected, Wauchope et al. 1992)
3.03 (calculated, Montgomery 1993)
2.94 (estimated-chemical structure, Lohninger 1994)
2.94 (soil, 20–25°C, selected, Hornsby et al. 1996)
3.44; 3.0, 3.04 (soil, quoted exptl.; estimated-class-specific model, estimated-general model, Gramatica et al.

2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: t½ = 12 d in water at pH 5 and 25°C (Worthing & Hance 1991; Tomlin 1994).
Oxidation:
Hydrolysis: alkaline chemical hydrolysis rate constant k = 1 × 10–4 M–1 s–1 with t½ > 365 d (selected, sediment/water,

Schnoor & McAvoy 1981; quoted, Schnoor 1992); 
hydrolysis t½ = 74–127 d in water at 40°C and pH 7, t½ = 101 d at pH 4 (Worthing & Hance 1991; quoted,

Montgomery 1993; Tomlin 1994).
Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water:
Ground water:
Sediment:
Soil: persistence of less than one month in soil (Wauchope 1978); 

t½ > 24 wk in sterile sandy loam and t½ = 3.0 wk in nonsterile sandy loam; t½ > 24 wk in sterile organic
soil and t½ = 4.0 wk in nonsterile organic soil (Miles et al. 1979); 

t½ = 60 d from screening model calculations (Jury 1987b); 
t½ = 16.5–28 d at 24°C (Worthing & Hance 1991); 
selected field t½ = 40 d (Wauchope et al. 1992; quoted, Richards & Baker 1993; Hornsby et al. 1996).

Biota: biochemical t½ = 60 d from screening model calculations (Jury et al. 1987b).
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18.1.1.47 α-HCH

Common Name: α-HCH
Synonym: α-BHC, α-Hexachlorocyclohexane
Chemical Name: α-1,2,3,4,5,6-hexachlorocyclohexane, (1α, 2α, 3α, 4α, 5β, 6β-1, 2, 3, 4, 5, 6-hexachloro-cyclohexane
CAS Registry No: 319-84-6
Molecular Formula: C6H6Cl6

Molecular Weight: 290.830
Melting Point (°C): 

158 (Lide 2003)
Boiling Point (°C): 288
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol): 

243.6 (calculated-Le Bas method at normal boiling point)
Enthalpy of fusion, ∆Hfus (kJ/mol):

30.96 (Ruelle & Kesselring 1997)
Entropy of fusion, ∆Sfus (J/mol K):

72.0 (Passivirta et al. 1999)
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.0496 (mp at 158°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated and reported temperature dependence equations):

10 (20°C, Slade 1945, Günther et al. 1968; Ulmann 1972; Horvath 1982)
1.63 (shake flask-GC, Kanazawa et al. 1971)
2.03, 1.21 (28°C, shake flask-centrifuge, membrane filter-GC, max. 0.1 µm particle size, Kurihara et al. 1973)
1.77, 1.48 (28°C, shake flask-centrifuge, sonic and centrifuge-GC, max. 0.05 µm particle size, Kurihara et al. 1973)
1.21–2.03 (28°C, Kurihara et al. 1973)
2.0 (generator column-GC/ECD, Weil et al. 1974)
4.34 (shake flask-GC/ECD, Malaiyandi et al. 1982)
1.51 (20°C, Deutsche Forschungsgemeinschaft 1983; Ballschmiter & Wittlinger 1991; Fischer et al. 1991)
21.6 (supercooled liquid value, Majewski & Capel 1995)
0.666, 0.023 (calculated-molar volume, mp and mobile order thermodynamics, Ruelle & Kesselring 1997)
log [SL/(mol/L)] = 2.790 – 1621/(T/K) (supercooled liquid, Passivirta et al. 1999)
85.22, 96.85 (supercooled liquid values: LDV literature-derived value, FAV final-adjusted value, Xiao et al. 2004)
log SL/(mol m–3) = – 398.5/(T/K) + 0.859 (supercooled liquid, final adjusted eq., Xiao et al. 2004)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

2.67* (20°C, static method, measured range 20–60°C, Slade 1945)
0.00333* (20°C, effusion manometer, measured range 15–30°C, Balson 1947)
0.27 (supercooled liquid value from Balson 1947; quoted, Hinckley et al. 1990)
0.0073 (20°C, Deutsche Forschungsgemeinschaft 1983; quoted, Ballschmiter & Wittlinger 1991; Fischer

et al. 1991; Schreitmüller & Ballschmiter 1995)
0.0840 (20°C, supercooled liquid value, Bidleman et al. 1986)
0.313 (GC-RT correlation, Watanabe & Tatsukawa 1989)
0.227 (supercooled liquid PL, GC-RT correlation, Hinckley et al. 1990)
log (PL/Pa) = 10.49 – 3301/(T/K) (supercooled liquid, Hinckley et al. 1990)
log (PL/Pa) = 11.34 – 3375/(T/K) (supercooled liquid, Hinckley et al. 1990)
0.003 (selected, Suntio et al. 1988, quoted, Calamari et al. 1991; Schreitmüller & Ballschmiter 1995)
0.0060 (quoted, Howard 1991)
0.00647 (quoted, supercooled liquid value, Majewski & Capel 1995)

Cl

Cl

Cl

Cl
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Cl
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0.159; 0.00464 (supercooled liquid PL, GC-RT correlation; converted to solid PS with fugacity ratio F, Passivirta
et al. 1999)

log (PS/Pa) = 14.53 – 4954/(T/K) (solid, Passivirta et al. 1999)
log (PL/Pa) = 10.77 – 3335/(T/K) (supercooled liquid, Passivirta et al. 1999)
0.245, 0.245 (supercooled liquid PL: LDV literature-derived value, FAV final adjusted value, Xiao et al. 2004)
log PL/Pa = – 3434/(T/K) + 10.91 (supercooled liquid, linear regression of literature data, Xiao et al. 2004)
log PL/Pa = – 3497/(T/K) + 11.12 (supercooled liquid, final adjusted eq., Xiao et al. 2004)

Henry’s Law Constant (Pa·m3/mol or at 25°C as indicated and reported temperature dependence equations. Additional 
data at other temperatures designated * are compiled at the end of this section):

0.47–0.792 (Callahan et al. 1979)
2.16 (gas stripping-GC, Atlas et al. 1982)
0.55 (calculated-P/C, Mabey et al. 1982)
0.87 (calculated-P/C, Suntio et al. 1988)
1.10 (calculated-P/C, Ballschmiter & Wittlinger 1991; Fischer et al. 1991)
1.07 (calculated-P/C, Howard 1991)
0.43 (calculated-P/C, Calamari et al. 1991)
0.677* (23°C, gas stripping-GC/ECD, distilled water, measured range 0.5–45°C, Kucklick et al. 1991)
log [H/(Pa·m3 mol–1] = –2810/(T/K) + 9.31, temp range 0.5–45°C (gas stripping-GC measurements, distilled

water, Kucklick et al. 1991, McConnell et al. 1993)
0.104, 0.257, 0.710, 2.10, 5.99 (0.5, 10, 25, 23, 35, 45°C, gas stripping-GC/ECD, artificial seawater, Kucklick

et al. 1991)
log [H/(Pa·m3 mol–1)] = –2969/(T/K) + 9.88, temp range 0.5–45°C (gas stripping-GC measurements, artificial

seawater, Kucklick et al. 1991)
0.87 (20°C), 2.40, 1.10, 0.677, 0.710 (23°C) (quoted, Iwata et al. 1993)
0.215, 0.491, 0.373, 0.630, 0.630 (8.5°C in Green Bay, 18.9°C in Lake Michigan, 18.5°C in Lake Huron, 22.3°C

in Lake Erie, 22.3°C in Lake Ontario, concn. ratio-GC, McConnell et al. 1993)
0.872 (calculated-P/C, this work)
1.239 (wetted wall column-GC, Altschuh et al. 1999)
log [H/(Pa m3/mol)] = 8.98 – 1714/(T/K) (Passivirta et al. 1999)
0.43* (20°C, gas stripping-GC, measured range 10–40°C, Jantunen et al. 2000)
log [H/(Pa m3/mol)] = 10.88 – 3298/(T/K); temp range 10–40°C (gas stripping-GC, Jantunen et al. 2000)
0.53 (20°C, selected from literature experimentally measured data, Staudinger & Roberts 1996, 2001)
log KAW = 5.485 – 2682/(T/K) (van’t Hoff eq. derived from literature data, Staudinger & Roberts 2001)
0.38* (20°C, dynamic headspace-GC, DHS method, measured range 5–35°C, Sahsuvar et al. 2003)
0.42* (20°C, gas stripping-GC, BS method, measured range 5–35°C, Sahsuvar et al. 2003)
0.39* (20°C, mean value of DHS and BS methods, temp range 5–35°C, Sahsuvar et al. 2003)
log [H/(Pa m3/mol)] = 10.13 – 3088/(T/K); temp range 5–35°C (Sahsuvar et al. 2003)
0.646, 0.741 (LDV literature-derived value, FAV final adjusted value, Xiao et al. 2004)
log [H/(Pa m3/mol)] = –3171/(T/K) + 10.45 (LDV linear regression of literature data, Xiao et al. 2004)
log [H/(Pa m3/mol)] = –3099/(T/K) + 10.26 (FAV final adjusted eq., Xiao et al. 2004)

Octanol/Water Partition Coefficient, log KOW at 25°C or as indicated. Additional data at other temperatures designated 
* are compiled at the end of this section: 

3.81 (shake flask-GC, Kurihara et al. 1973)
3.81 (HPLC-RT correlation, Sugiura et al. 1979)
3.90 (Veith et al. 1979)
3.776 ± 0.025 (shake flask/slow stirring method; De Bruijn et al. 1989)
3.80 (recommended, Sangster 1993)
3.80 (recommended, Hansch et al. 1995)
3.79* ± 0.001 (shake flask-slow stirring-GC, measured range 5–45°C, Paschke & Schüürmann 1998)
3.81; 4.57 (quoted lit.; calculated, Passivirta et al. 1999)
3.81, 3.94 (LDV literature-derived value, FAV final-adjusted value, Xiao et al. 2004)
log KOW = –374.5/(T/K) + 2.55 (LDV linear regression of literature data, Xiao et al. 2004)
log KOW = –266.2/(T/K) + 3.04 (LDV linear regression of literature data, Xiao et al. 2004)
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Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

6.90 (calculated-KOW/KAW, Wania & Mackay 1996)
7.26 (calculated, Finizio et al. 1997)
7.618*, 7.611 (gas saturation-GC/MS, calculated, measured range 5–25°C, Shoeib & Harner 2002)
log KOA = –3.23 + 3231/(T/K), temp range: 5–25°C (gas saturation-GC, Shoeib & Harner 2002)
7.61, 7.464 (LDV literature-derived value, FAV final adjusted value, Xiao et al. 2004)
log KOA = 3231/(T/K) – 3.23 (LDV linear regression of literature data, Xiao et al. 2004)
log KOA = 3235/(T/K) – 3.90 (FAV final adjusted eq., Xiao et al. 2004)

Bioconcentration Factor, log BCF:

2.03 (mussels, Ernst 1977; quoted, Renberg & Sundström 1979; Hawker & Connell 1986)
3.08, 2.52, 2.78, 2.77 (golden orfe, carp, brown trout, guppy, Suguira et al. 1979)
2.20, 2.82 (mussels, Geyer et al. 1982)
2.97–3.38 mean 3.20; 2.97–3.45 mean 3.38 (rainbow trout, 15°C, steady-state BCF on 7- to 96-d laboratory

study in 2 tanks with different water concn, Oliver & Niimi 1985) 
3.20, 2.85 (rainbow trout: laboratory BCF, Lake Ontario field BCF, Oliver & Niimi 1985)
1.93 (paddy field fish, Soon & Hock 1987)
2.15 (calculated, Isnard & Lambert 1988)
6.01 (azalea leaves, Bacci et al. 1990)
3.04 (Brachydanio rerio, flow-through conditions, Butte et al. 1991)
2.33 (early juvenile of rainbow trout, Vigano et al. 1992)
5.72 (azalea leaves, calculated, Müller et al. 1994)
2.79; 2.606, 2.712 (fish, steady-state, quoted lit.; calculated-MCI χ, calculated-KOW, Lu et al.1999)
2.33; 2.44 (Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based on quantum

chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC: 

3.81 (calculated-S, Lyman et al. 1982)
4.10, 3.5 (field sediment trap material, calculated-KOW, Oliver & Charlton 1984)
3.25 (av. lit. value, Gerstl 1991)
3.32 (derived from exptl., Meylan et al. 1992)
3.53 (calculated-MCI χ, Meylan et al. 1992)
3.25 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
5.50 (soil, calculated-universal solvation model, Winget et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: volatilization t½ ~ 6 d from a model river of 1 m deep flowing 1 m/s with a wind speed of 3 m/s
(Saleh et al. 1982); 
t½ ~ 500 d from a model pond (estimated, Howard 1991).

Photolysis:
Oxidation: photooxidation t½ = 2.3 d for reaction with OH radical in the gas phase (Atkinson 1987).
Hydrolysis: hydrolytic t½ = 26 yr at pH 8 and 5°C (Ngabe et al. 1993).
Biodegradation: overall degradation rate constant k = 0.0648 h–1 with t½ = 10.7 h for (+)-α-HCH and rate constant

k = 0.0298 h–1 with t½ = 23.3 h for (–)-α-HCH were calculated from experiments S1–S3 of (35 ± 0.5) h for
(+) enantiomer and 99 ± 3.5 h for (–) enantiomer in sewage sludge (Müller & Buser 1995).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k1 = 3.82 h–1; k2 = 0.036 h–1 (mussels, Ernst 1977; quoted, Hawker & Connell 1986)
k1 = 0.52 d–1, 0.56 d–1, 0.91 d–1, and 0.42 d–1 (golden orfe, carp, brown trout, and guppy at steady state,

Sugiura et al. 1979)
k2 = 0.0009 h–1 (azalea leaves, Peterson et al. 1991)
k1 = 27.6 h–1; k2 = 0.13 h–1 (early juvenile of rainbow trout, Vigano et al. 1992)

Half-Lives in the Environment:

Air: atmospheric t½ ~ 2.3 d based on reaction with OH radical at 25°C (Atkinson 1987); 
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half-lives in the Great Lake’s atmosphere. t½ = 4.4 ± 0.2 yr at Eagle Harbor, t½ = 3.5 ± 0.2 yr at Sleeping
Bear Dunes and t½ = 3.3 ± 0.2 yr at Sturgeon Point (Buehler et al. 2004).

Surface water: t½ = 1.7–77 d in various locations in the Netherlands in case a first order reduction process may
be assumed (Zoeteman et al. 1980)

Ground water:
Sediment: 
Soil: t½ = 8.2 and 7.1 yr for control and sludge-amended Luddington soils, respectively (Meijer et al. 2001).
Biota: t½ = 19.2 h (mussels, Ernst 1977).

TABLE 18.1.1.47.1
Reported vapor pressures, octanol-water partition coefficients and octanol-air partition coefficients of α-
HCH at various temperatures

Vapor pressure log KOW log KOA

Slade 1945 Balson 1947 Paschke & Schüürmann 1998 Shoeib & Harner 2002

static method effusion-manometer shake flask/GC generator column-GC/MS

t/°C P/Pa t/°C P/Pa t/°C log KOW t/°C log KOA

20 2.67 0 2.0 × 10–4 5 3.92 5 8.4086
40 8.0 10 8.67 × 10–4 25 3.79 10 8.1770
60 44.0 20 3.33 × 10–3 45 3.75 15 7.9681

30 0.01187 20 7.8100
40 0.03866 enthalpy of phase transfer: 25 7.6178
50 0.1160 ∆HOW/(kJ mol–1) = – 9.80 25 7.611
60 0.3266 entropy of phase transfer:
70 0.8666 ∆SOW/(J K–1 mol–1) = 55.4 log KOA = A + B/(T/K)

A –3.231
log P = A – B/(T/K) B 3231

P/mmHg
A 11.950 enthalpy of phase change
B 4850 ∆HOA/(kJ mol–1) = 61.9

temp range: 51–71°C

FIGURE 18.1.1.47.1 Logarithm of vapor pressure versus reciprocal temperature for α-HCH.
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FIGURE 18.1.1.47.2 Logarithm of KOW versus reciprocal temperature for α-HCH.

FIGURE 18.1.1.47.3 Logarithm of KOA versus treciprocal temperature for α-HCH.
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TABLE 18.1.1.47.2
Reported Henry’s law constants of α-HCH at various temperatures and temperature dependence equations

ln KAW = A – B/(T/K) (1) log KAW = A – B/(T/K) (1a)

ln (1/KAW) = A – B/(T/K) (2) log (1/KAW) = A – B/(T/K) (2a)
ln (kH/atm) = A – B/(T/K) (3)
ln H = A – B/(T/K) (4) log H = A – B/(T/K) (4a)
KAW = A – B·(T/K) + C·(T/K)2 (5)

Kucklick et al. 1991 McConnell et al. 1993 Jantunen et al. 2000 Sahsuvar et al. 2003

gas stripping-GC concentration ratio air stripping-GC air stripping/dynamic HS

t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol)

Green Bay dynamic headspace (DHS)
0.5 0.104 8.0 0.215 10 0.17 5 0.094

10 0.255 Lake Michigan 20 0.43 10 0.15
23 0.677 18.9 0.491 30 0.92 20 0.38
35 1.34 Lake Huron 35 1.52 30 0.79
45 3.27 18.5 0.373 40 2.21 35 1.32

Lake Erie
eq. 4a H/(Pa m3/mol) 22.3 0.630 eq. 4a H/(Pa m3/mol) gas stripping-GC
A 9.31 Lake Ontario A 10.88 ± 0.50 5 0.098
B 2810 22.3 0.630 B 3298 ± 149 10 0.13
seawater 20 0.42
0.5 0.104 30 0.92

10 0.257 35 1.24
23 0.710
35 2.10 combined - both methods
45 5.99 5 0.095

10 0.15
eq.4a H/(Pa m3/mol) 20 0.39
A 9.88 30 0.85
B 2969 35 1.30

eq. 4a H/(Pa m3/mol)
A 10.13 ± 0.29
B 3088 ± 84

enthalpy of transfer air-water
∆HWA/(kJ mol–1) = 59.3
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FIGURE 18.1.1.47.4 Logarithm of Henry’s law constant versus reciprocal temperature for α-HCH.
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18.1.1.48 β-HCH

Common Name: β-HCH 
Synonym: β-BHC, β-Hexachlorocyclohexane, 1α,2β,3α,4β,5α,6β-1,2,3,4,5,6-hexachloro-cyclohexane
Chemical Name: β-1,2,3,4,5,6-hexachlorocyclohexane
CAS Registry No: 319-85-7 
Molecular Formula: C6H6Cl6

Molecular Weight: 290.830
Melting Point (°C): 

309 (Slade 1945; Ballschmiter & Wittlinger 1991)
Boiling Point (°C): 
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol): 

243.6 (calculated-Le Bas method at normal boiling point)
Enthalpy of fusion, ∆Hfus (kJ/mol):
Entropy of fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.00164 (mp at 309°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated and reported temperature dependence equations):

5.0 (20°C, Slade 1945; Gunther et al. 1968; Horvath 1982)
0.70 (20°C, shake flask-GC, Kanazawa et al. 1971)
0.20, 0.13 (28°C, shake flask-centrifuge, membrane filter-GC, max. 0.1 µm particle size, Kurihara et al. 1973)
0.70 (20°C, Brooks 1974)
0.24 (generator column-GC/ECD, Weil et al. 1974)
0.13–0.70 (Callahan et al. 1979)
2.04 (20°C, Deutsche Forschungsgemeinschaft 1983; Ballschmiter & Wittlinger 1991; Fischer et al. 1991)
7.0 (Worthing & Walker 1983)
69.5 (supercooled liquid value, Majewski & Capel 1995)
344, 418.8 (supercooled liquid: derivation of literature-derived value, final-adjusted value, Xiao et al. 2004)
log [SL/(mol m–3)] = –110.1/(T/K) – 0.211 (supercooled liquid, final adjusted eq., Xiao et al. 2004)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

0.67* (20°C, static method, measured range 20–60°C, Slade 1945)
3.73 × 10–5* (20°C, effusion-manometer, measured range 0–110°C, Balson 1947)
4.90 × 10–5 (20°C, Deutsche Forschungsgemeinschaft 1983; Ballschmiter & Wittlinger 1991; Fischer et al. 1991)
0.266 (GC-RT correlation, Watanabe & Tatsukawa 1989)
0.0272 (supercooled liquid value, Majewski & Capel 1995)
0.062, 0.0525 (supercooled liquid PL LDV literature derived value, FAV final adjusted value, Xiao et al. 2004)
log (PL/Pa) = –3563/(T/K) + 10.74 (supercooled liquid, linear regression of literature data, Xiao et al. 2004)
log (PL/Pa) = –3563/(T/K) + 10.67 (supercooled liquid, final adjusted eq., Xiao et al. 2004)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated and reported temperature dependence equations. Additional 
data at other temperatures designated * are compiled at the end of this section):

0.055 (20–25°C, Mabey et al. 1982)
0.120 (calculated-P/C, Suntio et al. 1988)
0.070 (calculated-P/C, Ballschmiter & Wittlinger 1991; Fischer et al. 1991)
0.0446 (wetted-wall column-GC, Altschuh et al. 1999)

Cl

Cl

Cl
Cl

Cl

Cl
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0.022* (dynamic headspace-GC, measured range 5–35°C, Sahsuvar et al. 2003)
log [H/(Pa m3/mol)] = 9.96 – 3400/(T/K); temp range 5–35°C (dynamic headspace-GC, Sahsuvar et al. 2003)
0.037, 0.037 (LDV literature-derived value, FAV final adjusted value, Xiao et al. 2004)
log [H/(Pa m3/mol)] = –3454/(T/K) + 10.16 (LDV linear regression of literature data, Xiao et al. 2004)
log [H/(Pa m3/mol)] = –3673/(T/K) + 10.89 (FAV final adjusted eq., Xiao et al. 2004)

Octanol/Water Partition Coefficient, log KOW at 25°C or as indicated. Additional data at other temperatures designated 
* are compiled at the end of this section:

3.80 (shake flask-GC, Kurihara et al. 1973)
4.15 (HPLC-RT correlation, Sugiura et al. 1979)
3.842 ± 0.036; 3.78 (shake flask/slow stirring-GC, De Bruijn et al. 1989)
3.81 (recommended, Sangster 1993)
3.78 (recommended, Hansch et al. 1995)
3.88* ± 0.01 (shake flask/slow stirring-GC, measured range 5–25°C, Paschke & Schüürmann 1998)
3.84, 3.92 (LDV literature-derived value, FAV final-adjusted value, Xiao et al. 2004)
log KOW = 847.5/(T/K) + 1.07 (LDV linear regression of literature data, Xiao et al. 2004)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

8.965*, 8.875 (gas saturation-GC/MS, calculated, measured range 5–35°C, Shoeib & Harner 2002)
log KOA = –7.69 + 4937/(T/K), temp range 5–35°C, (gas saturation-GC, Shoeib & Harner 2002)
8.87, 8.74 (LDV literature-derived value, FAV final adjusted value, Xiao et al. 2004)
log KOA = 4937/(T/K) – 7.69 (LDV linear regression of literature data, Xiao et al. 2004)
log KOA = 4391/(T/K) – 5.98 (FAV final adjusted eq., Xiao et al. 2004)

Bioconcentration Factor, log BCF:

2.99, 2.44, 2.82, 3.17 (golden orfe, carp, brown trout, guppy, Sugiura et al. 1979)
3.08, 2.26, 2.62 (activated sludge, algae, golden ide, reported as log BF, Freitag et al. 1985)
2.66 (calculated, Isnard & Lambert 1988)
3.16, 3.18 (Brachydanio rerio, flow-through conditions, Butte et al. 1991; quoted, Devillers et al. 1996)
2.86; 2.606, 2.712 (fish, steady-state, quoted lit.; calculated-MCI χ, calculated-KOW, Lu et al.1999)
2.50; 2.44 (Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based on quantum

chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC: 

3.36 (av. lit. value, Gerstl 1991)
3.98 (soil, calculated-S as per Kenaga 1980, this work)
3.50 (derived from exptl., Meylan et al. 1992)
3.53 (calculated-MCI χ, Meylan et al. 1992)
3.36 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
5.50; 3.50 (soil, calculated-universal solvation model; quoted exptl., Winget et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: 
Photolysis:
Hydrolysis:
Oxidation:
Biodegradation: calculated t½ = 178 h in sewage sludge from experiments S1–S3 (Buser & Müller 1995).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k1 = 0.46 d–1, 0.33 d–1, 0.53 d–1, and 0.18 d–1 (golden orfe, carp, brown trout, and guppy at steady state,
Sugiura et al. 1979) 

Half-Lives in the Environment:
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TABLE 18.1.1.48.1
Reported vapor pressures and Henry’s law constants of β-HCH at various
temperatures

Vapor pressure Henry’s law constant

Slade 1945 Balson 1947 Sahsuvar et al. 2003

static method effusion manometer dynamic headspace-GC

t/°C P/Pa t/°C P/Pa t/°C H/(Pa m3/mol)

20 0.667 0 1.733 × 10–6 5 0.0054
40 22.7 10 8.399 × 10–6 10 0.0092
60 77.3 20 3.733 × 10–5 20 0.022

30 1.533 × 10–4 30 0.053
40 5.60 × 10–4 35 0.088
50 1.907 × 10–3

60 6.00 × 10–3

70 0.01760 ln H = A – B/(t/K)
80 0.04933 H/(Pa m3/mol)
90 0.1293 A 9.96 ± 0.23

100 0.3200 B 3400 ± 68
110 0.7653

enthalpy of transfer air-water
log P = A – B/(T/K) ∆HWA/(kJ mol–1) = 65.1

P/mmHg
A 11.790
B 5375

temp range: 95–117°C

FIGURE 18.1.1.48.1 Logarithm of vapor pressure versus reciprocal temperature for β-HCH.

β-HCH: vapor pressure vs. 1/T
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FIGURE 18.1.1.48.2 Logarithm of Henry’s law constant versus reciprocal temperature for β-HCH.

TABLE 18.1.1.48.2
Reported octanol-water and octanol-air partition
coefficients of β-HCH at various temperatures

log KOW log KOA

Paschke & Schüürmann 1998 Shoeib & Harner 2002

shake flask-GC generator column-GC/MS

t/°C log KOW t/°C log KOA

5 3.99 5 10.0686
25 3.88 15 9.4375
45 3.87 20 8.9875

25 8.9651
enthalpy of phase transfer: 35 8.3682
∆HOW/(kJ mol–1) = – 8.20 25 8.875
entropy of phase transfer:
∆SOW/(J K–1 mol–1) = 62.7 log KOA = A + B/(T/K)

A –7.692
B 4937

enthalpy of phase change
∆HOA/(kJ mol–1) = 94.5

β-HCH: Henry's law constant vs. 1/T
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FIGURE 18.1.1.48.3 Logarithm of KOW versus reciprocal temperature for β-HCH.

FIGURE 18.1.1.48.4 Logarithm of KOA versus reciprocal temperature for β-HCH.
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18.1.1.49 δ-HCH

Common Name: δ-HCH
Synonym: δ-BHC, δ-Hexachlorocyclohexane, 1α,2α,3α,4β,5α,6β-1,2,3,4,5,6-hexachloro-cyclohexane
Chemical Name: δ-1,2,3,4,5,6-hexachlorocyclohexane
CAS Registry No: 319-86-8
Molecular Formula: C6H6Cl6

Molecular Weight: 290.830
Melting Point (°C): 

141.5 (Lide 2003)
Boiling Point (°C): 
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol): 

243.6 (calculated-Le Bas method at normal boiling point)
Enthalpy of Fusion, ∆Hfus (kJ/mol):

21.34 (DSC method, Plato 1972)
21.50 (Ruelle & Kesselring 1997)

Entropy of fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.0719 (mp at 141.5°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

10 (20°C, Slade 1945)
15.7, 10.7 (28°C, shake flask-centrifuge, membrane filter-GC, max. 0.1 µm particle size, Kurihara et al. 1973)
11.6, 8.64 (28°C, shake flask-centrifuge, sonic and centrifuge-GC, max. 0.05 µm particle size, Kurihara et al.

1973)
8.64–31.4 (shake flask-GC, Kurihara et al. 1973)
10 (20°C, quoted, Günther et al. 1968)
21.3 (20°C, shake flask-GC, Kanazawa et al. 1971)
31.4 (generator column-GC/ECD, Weil et al. 1974)
9.01 (20°C, Deutsche Forschungsgemeinschaft 1983; Ballschmiter & Wittlinger 1991; Fischer et al.

1991)

Vapor Pressure (Pa at 25°C or as indicated. Additional data at other temperatures designated * are compiled at the 
end of this section):

2.67* (20°C, static method, measured range 20–60°C, Slade 1945)
2.27 × 10–3* (20°C, effusion manometer, Balson 1947)
0.150 (GC-RT correlation, Watanabe & Tatsukawa 1989)
0.0309 (supercooled liquid value, Majewski & Capel 1995)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.018 (20–25°C, Mabey et al. 1982)
0.073 (calculated-P/C, Suntio et al. 1988)
0.0825 (calculated-PL/CL, Majewski & Capel 1995)

Octanol/Water Partition Coefficient, log KOW at 25°C or as indicated. Additional data at other temperatures designated 
* are compiled at the end of this section:

4.14 (shake flask-GC, Kurihara et al. 1973)
4.14 (recommended, Sangster 1993)

Cl

Cl

Cl

Cl

Cl
Cl
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4.14 (recommended, Hansch et al. 1995)
4.17* ± 0.01 (shake flask-slow stirring-GC, measured range 5–45°C, Paschke & Schüürmann 1998)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

8.80*, 8.848 (gas saturation-GC/MS, calculated, measured range 5–35°C, Shoeib & Harner 2002)
log KOA = –7.45 + 4856/(T/K), temp range 5–35°C (gas saturation-GC, Shoeib & Harner 2002)

Bioconcentration Factor, log BCF:

1.95 (calculated-S as per Kenaga 1980, this work)
3.21, 3.25 (Brachydanio rerio, flow-through conditions, Butte et al. 1991; quoted, Devillers et al. 1996)
2.45 (rainbow trout, flow-through conditions, Vigano et al. 1992; quoted, Devillers et al. 1996)
2.34; 2.44 (Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based on quantum

chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC: 

2.82 (soil, calculated-S as per Kenaga 1980, this work)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Biodegradation: calculated t½ = 126 h in sewage sludge from experiments S1–S3 (Buser & Müller 1995).

Half-Lives in the Environment:

TABLE 18.1.1.49.1
Reported vapor pressures, octanol-water partition coefficients and octanol-water partition coefficients of
δ-HCH at various temperatures

Vapor pressure log KOW log KOA

Slade 1945 Balson 1947 Paschke & Schüürmann 1998 Shoeib & Harner 2002

static method effusion manometer shake flask-GC generator column-GC/MS

t/°C P/Pa t/°C P/Pa t/°C log KOW t/°C log KOA

20 2.67 0 1.213 × 10–4 5 4.27 5 10.0436
40 12.0 10 5.466 × 10–4 25 4.17 15 9.4587
60 45.33 20 2.266 × 10–3 45 4.15 20 8.9251

30 8.533 × 10–3 25 8.7995
40 0.02946 enthalpy of phase transfer: 35 8.4420
50 0.09466 ∆HOW/(kJ mol–1) = – 7.60 25 8.848
60 0.2780 entropy of phase transfer:
70 0.7866 ∆SOW/(J K–1 mol–1) = 69.9 log KOA = A + B/(T/K)

A –7.447
log P = A – B/(T/K) B 4856
eq. 1 P/mmHg

A 12.635 enthalpy of phase change
B 5100 ∆HOA/(kJ mol–1) = 93.0

temp range: 55–75°C
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FIGURE 18.1.1.49.1 Logarithm of vapor pressure versus reciprocal temperature for δ-HCH.

FIGURE 18.1.1.49.2 Logarithm of KOW versus reciprocal temperature for δ-HCH.
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FIGURE 18.1.1.49.3 Logarithm of KOA versus reciprocal temperature for δ-HCH.
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18.1.1.50 Heptachlor

Common Name: Heptachlor
Synonym: Aahepta, Aathepta, Agroceres, Basaklor, 3-Chlorochlordene, Drinox, ENT 15152, Hepta, Heptachlorane,

Heptagran, Heptagranox, Heptamak, Heptamul, Heptasol, Heptox, methanoindene, NA 2761, NCI-C00180, Rhod-
iachlor, Soleptax, Velsicol

Chemical Name: 1, 4, 5, 6, 7, 8, 8-heptachloro-3a, 4, 7, 7a-tetrahydro-4, 7-methanoindene; 3–4, 5, 6, 7, 8, 8a-heptachloro-
dicyclopentadiene

Uses: non-systemic insecticide with contact, stomach, and some respiratory action to control termites, ants, and soil
insects in cultivated and uncultivated soils; also used to control household insects

CAS Registry No: 76-44-8 
Molecular Formula: C10H5Cl7

Molecular Weight: 373.318
Melting Point (°C): 

95.5 (Lide 2003)
Boiling Point (°C): 

135–145 (at 1–1.5 mmHg, Montgomery 1993; Tomlin 1994)
Density (g/cm3 at 20°C): 

1.65–1.67 (25°C, Hartley & Kidd 1987; Tomlin 1994)
1.66 (Montgomery 1993)

Molar Volume (cm3/mol): 
308.2 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Vaporization, ∆HV (kJ/mol):

73.06 (Rordorf 1989)
Enthalpy of Fusion, ∆Hfus (kJ/mol):

22 (Rordorf 1989)
22.97 (Ruelle & Kesselring 1997)

Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.203 (mp at 95.5°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated. Additional data at other temperatures designated * are 
compiled at the end of this section):

0.056 (25–29°C, shake flask-GC, Park & Bruce 1968)
0.03, 0.125, 0.180* (particle size: 0.01, 0.05 & 5.0µ, shake flask-GC, measured range 15–45°C, Biggar & Riggs

1974)
0.03 (Martin & Worthing 1977; Kenaga 1980a, b; Kenaga & Goring 1980)
<1.0 (Wauchope 1978)
0.056 (Hartley & Graham-Bryce 1980; Worthing & Walker 1987; Hartley & Kidd 1987)
0.05 (Khan 1980)
0.30 (Herbicide Handbook 1983)
0.056 (25–29°C, Worthing & Hance 1991; Tomlin 1994)
0.18 (Montgomery 1993) 
0.056 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
1.307, 1.307 (supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted value, Shen &

Wania 2005)
log [CL/(mol m–3)] = –770/(T/K) + 0.13 (supercooled liquid, linear regression of literature data, Shen & Wania

2005)

Cl Cl

Cl
Cl

Cl
ClCl
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Vapor Pressure (Pa at 25°C or as indicated or reported temperature dependence equations):

0.025 (Bowery 1964)
0.040 (Eichler 1965; Martin 1972; Quellette & King 1977)
0.021 (20°C, Hartley & Graham-Bryce 1980)
0.053 (Spencer 1982; Worthing 1983, Hartley & Kidd 1987; Worthing & Hance 1991; Tomlin 1994)
0.0213 (20°C, selected exptl. value, Kim 1985)
0.021, 0.410, 5.10, 46, 320 (25, 50, 70, 100, 125°C, gas saturation-GC, Rordorf 1989)
log (PS/Pa) = 14.977 – 4966.6/(T/K); measured range 36.4–95.6°C (solid, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 11.811 – 3816.5/(T/K); measured range 96.6–151°C (liquid, gas saturation-GC, Rordorf 1989)
0.031 (supercooled liquid PL value, GC-RT correlation, Hinckley et al. 1990)
log (PL/Pa) = 11.88 – 3995/(T/K) (supercooled liquid, GC-RT correlation, Hinckley et al. 1990)
0.022 (20°C, selected, Taylor & Spencer 1990) 
0.040 (20°C, Montgomery 1993)
0.0533 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
0.13, 0.13 (supercooled liquid PL: LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)
log (PL/Pa) = –3870/(T/K) + 12.11 (supercooled liquid, linear regression of literature data, Shen & Wania 2005)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

150 (gas stripping-GC, Warner et al. 1987)
154 (WERL Treatability Database, Ryan et al. 1988)
112 (20°C, calculated-P/C, Suntio et al. 1988) 
845.4 (calculated-P/C, Jury et al. 1990)
17.8 (calculated-bond contribution method LWAPC, Meylan & Howard 1991)
233 (Montgomery 1993)
29.75 (wetted wall column-GC, Altschuh et al. 1999)
30, 38 (LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW:

5.44 (HPLC-RT correlation, Veith et al. 1979, 1980; Veith & Kosian 1983)
3.87 (quoted, Rao & Davidson 1980)
5.27 (HPLC-RT correlation, McDuffie 1981)
4.40–5.50 (Montgomery 1993)
5.27, 5.58 (quoted, Hansch et al. 1995)
6.02 (shake flask/slow stirring-GC, Simpson et al. 1995)
5.24 (RP-HPLC-RT correlation, Finizio et al. 1997)
6.10, 5.94 (LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

7.705*, 7.643 (gas saturation-GC/MS, calculated, measured range 5–25°C, Shoeib & Harner 2002)
log KOA = –3.95 + 3455/(T/K), temp range 5–25°C (gas saturation-GC, Shoeib & Harner 2002)
7.64, 7.76 (LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF:

–1.81 (beef biotransfer factor log Bb, correlated-KOW, Kenaga 1980)
–1.48 (vegetation, correlated-KOW, Lichtenstein 1960; Nash 1974)
–2.49 (milk biotransfer factor log Bm, correlated-KOW, Saha 1969)
4.26 (oysters, wet wt. basis, Wilson 1963)
3.26 (bluegill, field tests, Andrews et al. 1966)
3.41 (soft clam, Butler 1971)
3.45–4.33 (estuarine fish for 96-h exposure, Schimmel et al. 1976)
3.76–3.92 (spot fish, whole body 24-d exposure, Schimmel et al. 1976)
3.67 (spot fish, edible tissue 24-d exposure, Schimmel et al. 1976)
3.58 (mosquito fish, Callahan et al. 1979)
3.56, 3.87 (spot fish for 72-h test, 96-h test. Callahan et al. 1979)
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4.57, 4.32 (snails, algae, Callahan et al. 1979)
3.98, 4.30 (fathead minnow, 32-d exposure, 276-d exposure, Veith et al. 1979, 1980)
4.30 (sheepshead minnow, Veith et al. 1979)
4.24, 3.33 (fish: flowing water, static water; Kenaga 1980; Kenaga & Goring 1980)
3.65, 3.90 (estimated-S, KOW, Bysshe 1982)
3.11–3.56 (earthworm, Gish & Hughes 1982)
3.98, 4.30 (fathead minnow, Veith & Kosian 1983)
4.03 (clam fat, 60-d expt., Hartley & Johnson 1983)
4.26 (oysters, Biddinger & Gloss 1984)
3.90, 3.90, 3.90 (oyster, pinfish, sheepshead minnow, Zaroogian et al. 1985)
4.30, 4.33 (measured for fathead minnow, sheepshead minnow, Zaroogian et al. 1985)
3.93 (oyster, Zaroogian et al. 1985)
3.98 (calculated, Isnard & Lambert 1988)
4.11 (selected, Chessells et al. 1992)
4.14; 4.406, 4.112 (fish, steady-state, quoted lit.; calculated-MCI χ, calculated-KOW, Lu et al.1999)
4.23, 6.15 (oyster, uptake 6 months: wet wt basis, lipid wt basis, Geyer et al. 2000)
4.30, 5.85 (fathead minnow, uptake 276-d: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.98; 3.67 (Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based on quantum

chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC at 25°C or as indicated: 

4.48 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980a)
4.38 (screening model calculations, Jury et al. 1987b)
4.34 (calculated-KOW as per Kenaga & Goring 1980, Chapman 1989)
3.81 (Jury et al. 1990)
5.21 (estimated-QSAR and SPARC, Kollig 1993)
4.38 (Montgomery 1993)
4.38 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
4.76 (soil, estimated-general model using molecular descriptors, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: measured rate constant k = 3.0 d–1 (Glotfelty et al. 1984; quoted, Glotfelty et al. 1989); 
calculated rate constant k = 5.0 d–1 (Glotfelty et al. 1989).

Photolysis:
Oxidation: t½ = 5.2–51.7 h in air, based on estimated rate constant for the vapor-phase reaction with hydroxyl

radical in air (Atkinson 1987; quoted, Howard et al. 1991).
Hydrolysis: first-order t½ = 23.1 h, based on rate constant k = 2.97 × 10–2 h–1 at pH 7.0 and 25°C (Demayo 1972;

quoted, Callahan et al. 1979; Kollig et al. 1987; Howard et al. 1991);
rate constant k = 61 yr–1 at pH 7.0 and 25°C (Kollig 1993)
t½ = 5.4 d at pH 2, t½ = 0.96 d at pH 7 in natural waters (Capel & Larson 1995)

Biodegradation: aqueous aerobic t½ = 360–1567 h, based on unacclimated aerobic soil grab sample test data
(Castro & Yoshida 1971; quoted, Howard et al. 1991); 
rate constant k = 0.011 d–1 by die-away test in soil (Rao & Davidson 1980; quoted, Scow 1982);
estimated t½ = 220 d in soil (Jury et al. 1990); 
aqueous anaerobic t½ = 1440–6268 h, based on unacclimated aerobic biodegradation half-life (Howard et

al. 1991)
t½(aerobic) = 15 d, t½(anaerobic) = 60 d in natural waters (Capel & Larson 1995)

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ = 9.8–59.0 h, based on estimated photooxidation half-life in air (Atkinson 1987; quoted, Howard et al.
1991); 
atmospheric transformation lifetime was estimated to be <1 d (Kelly et al. 1994).
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Surface water: persistence up to 2 wk in river water (Eichelberger & Lichtenberg 1971); 
t½ = 38 d in surface waters in the Netherlands in case a first order reduction process may be assumed

(Zoeteman et al. 1980)
t½ = 23.1–129.4 h, based on hydrolysis half-lives (Kollig et al. 1987 and Chapman & Cole 1982; quoted,

Howard et al. 1991)
Biodegradation t½(aerobic) = 15 d, t½(anaerobic) = 60 d, hydrolysis t½ = 5.4 d at pH 2, t½ = 0.96 d at pH 7

in natural waters (Capel & Larson 1995).
Ground water: t½ = 23.1–129.4 h, based on hydrolysis half-lives (Kollig et al. 1987 and Chapman & Cole 1982;

quoted, Howard et al. 1991).
Sediment:
Soil: t½ ~ 2–5 yr persistence in soil (Nash & Woolson 1967); 

estimated persistence of 2 yr in soil (Kearney et al. 1969; Edwards 1973; quoted, Morrill et al. 1982; Jury
et al. 1987a); 

Best estimated t½ = 0.91 yr, true value is between 0.86–0.97 yr when heptachlor was incorporated to 7.5
cm depth in an experimental field (Freeman et al. 1975)

persistence of >24 months (Wauchope 1978); 
t½ < 10 d and subject to plant uptake via volatilization (Callahan et al. 1979; quoted, Ryan et al. 1988);
first-order t½ = 63 d from biodegradation rate constant k = 0.011 d–1 by die-away test in soil (Rao & Davidson

1980; quoted, Scow 1982); 
field t½ = 0.3 d in moist fallow soil (Glotfelty 1981; quoted, Nash 1983); 
microagroecosystem t½ = 3 d in moist fallow soil (Nash 1983); 
measured dissipation rate k = 0.28 d–1 (Nash 1983; quoted, Nash 1988); 
estimated dissipation rate k = 1.0 and 0.20 d–1 (Nash 1988);
reported t½ = 9–10 months in soil (Hartley & Kidd 1987; quoted, Montgomery 1993); 
t½ = 23.1–129.4 h, based on hydrolysis half-lives (Kollig et al. 1987 and Chapman & Cole 1982; quoted,

Howard et al. 1991); 
estimated biodegradation t½ = 220 d in soil (Jury et al. 1990); 
selected field t½ = 250 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996); 
t½ = 9–10 months when used at agricultural rates (Tomlin 1994)
t½ = 7–14 yr in soil (Geyer et al. 2000)

Biota: biochemical t½ = 2000 d from screening model calculations (Jury et al. 1987b).

TABLE 18.1.1.50.1
Reported aqueous solubilities and octanol-air partition coefficients of
heptachlor at various temperatures

Aqueous solubility log KOA

Biggar & Riggs 1974 Shoeib & Harner 2002

shake flask-GC generator column-GC/MS

t/°C S/g·m–3 S/g·m–3 S/g·m–3 t/°C log KOA

particle size 0.01µ 0.05µ 5.0µ
15 0.100 5 8.5093
25 0.030 0.125 0.180 10 8.2625
35 0.315 15 7.9873
45 0.490 20 7.7934

25 7.7046
25 7.643

log KOA = A + B/(T/K)
A –3.951
B 3455

enthalpy of phase change
∆HOA/(kJ mol–1) = 66.2
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FIGURE 18.1.1.50.1 Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for heptachlor.

FIGURE 18.1.1.50.2 Logarithm of KOA versus reciprocal temperature for heptachlor.
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18.1.1.51 Heptachlor epoxide

Common Name: Heptachlor epoxide
Synonym: β-Heptachlorepoxide, Epoxyheptachlor, HCE, Velsicol 53-CS-17
Chemical Name: 1,4,5,6,7,8,8-heptachloro-2,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindan; 2,3,4,5,7,8-hexa-hydro-

2, 5-methano-2H-indeno(1,2b)oxirene
Uses: a degradation product of heptachlor
CAS Registry No: 1024-57-3 
Molecular Formula: C10H5Cl7O
Molecular Weight: 389.317
Melting Point (°C): 

160  (Lide 2003)
Boiling Point (°C): 
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol): 

317.2 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

21.506 (Ruelle & Kesselring 1997)
Entropy of Fusion, ∆Sfus (J/mol K):

61.56 (Plato 1972)
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.0474 (mp at 160°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated. Additional data at other temperatures designated * are 
compiled at the end of this section):

0.035 (25–29°C, shake flask-GC, Park & Bruce 1968)
0.025, 0.120, 0.20* (shake flask-GC, particle size: 0.01, 0.05 and 5.0µ, measured range 15–45°C, Biggar &

Riggs 1974)
0.35 (generator column-GC/ECD, Weil et al. 1974)
0.20–0.35 (Mills et al. 1982; Mabey et al. 1982)
0.90 (Zaroogian et al. 1985)
0.275 (Montgomery 1993)
5.91 (supercooled liquid value, 20–25°C, Majewski & Capel 1995)
0.60, 0.0004 (predicted-molar volume, mp and mobile order thermodynamics, Ruelle & Kesselring 1997)
7.0, 5.06 (supercooled liquid: LDV derivation of literature-derived value, FAV final-adjusted value, Shen &

Wania 2005)

Vapor Pressure (Pa at 25°C or as indicated):

0.045 (estimated, Mabey et al. 1982)
0.00256 (estimated, Howard 1991)
3.47 × 10–4 (20°C, Montgomery 1993)
0.0997 (supercooled liquid value, 20–25°C, Majewski & Capel 1995)
0.013, 0.022 (supercooled liquid PL: LDV literature derived value, FAV final adjusted value, Shen & Wania 2005)

Henry’s Law Constant (Pa m3/mol at 25°C or as indicated):

395 (calculated-P/C, Mabey et al. 1982)
3.42 (gas-stripping, Warner et al. 1987)
3.25 (Montgomery 1993)
65.5 (20–25°C, Majewski & Capel 1995)

Cl Cl

Cl
Cl

Cl
Cl

O

Cl
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2.13 (wetted-wall column-GC, Altschuh et al. 1999)
2.1, 1.7 (LDV literature-derived value, FAV final adjusted value, Shen & Wania 2005)

Octanol/Water Partition Coefficient, log KOW:

4.43 (Briggs 1981)
5.40 (HPLC-RT correlation, Veith et al. 1979)
4.56 ± 0.05 (shake flask, Noegrohati & Hammers 1992)
3.65 (Montgomery 1993)
5.40, 5.42 (LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Octanol/Air Partition Coefficient, log KOA:

8.62, 8.59 (LDV literature-derived value, FAV final-adjusted value, Shen & Wania 2005)

Bioconcentration Factor, log BCF:

3.30, 4.90, 3.78 (algae, snail, mosquito-microcosm expt., Lu & Metcalf 1975)
3.23 (mussel, Ernst 1977)
4.16 (fathead minnows, 32-d flow-through aquarium, Veith et al. 1979)
2.03 (microorganism, calculated-KOW, Mabey et al. 1982)
3.37 (clam fat, 60-d expt., Hartley & Johnson 1983)
2.93 (oyster, Zaroogian et al. 1985)
3.87, 3.89 (sheepshead minnow, pinfish, mussel and oyster, Zaroogian et al. 1985)
–1.45 (beef biotransfer factor log Bb, correlated-KOW, Travis & Arms 1988)
3.88 (calculated-KOW, Howard 1991)
> 4.16, >5.14(fathead minnow, uptake 32-d: wet wt basis, lipid wt basis, Geyer et al. 2000)
4.16; 4.10 (Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based on quantum

chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC: 

2.34 (sediment, calculated-KOW, Mabey et al. 1982)
2.00 (bentonite clay, Hill & McCarty 1967)
4.0–4.3 (suspended solids in river, Frank 1981)
3.89 (calculated-S, Howard 1991)
4.32 (calculated, Montgomery 1993)
3.98 (activated carbon-water, Blum et al. 1994)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ = 60 h from a model river (Howard 1991).
Photolysis:
Oxidation: oxidation rate Constants, k < 3600 M–1 h–1 for reaction with singlet oxygen, and k = 20 M–1 h–1 for

reaction with peroxy radical (Mabey et al. 1982)
t½ = 6–60 h, based on estimated photooxidation half-life in air (Howard et al. 1991)

Hydrolysis: not expected to be important (Howard et al. 1991)
Biodegradation: t½ ~ 25 d under anaerobic conditions when incubated with thick digester sludge at 35°C (Howard

1991)
t½(aerobic) = 792–13248 h, based on aerobic soil grab sample data; t½(anaerobic) = 24–168 h, based on soil

and freshwater mud grab sample data (Howard et al. 1991)
t½(aerobic) = 33 d, t½(anaerobic) = 1 d in natural waters (Capel & Larson 1995)

Biotransformation: rate constant for bacterial transformation in water k = 3 × 10–12 mL cell–1 h–1 (Mabey et al. 1982).
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: estimated t½ = 1.5 d for vapor-phase reaction with photochemically produced hydroxyl radical (Howard 1991)
t½ = 6–60 h, based on estimated photooxidation half-life in air (Howard et al. 1991)

Surface water: t½ = 35 d in lower Rhine River in case a first order reduction process may be assumed (Zoeteman
1980)
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t½ = 792–13248 h, based on estimated unacclimated aqueous aerobic biodegradation half-life (Howard et al.
1991)

biodegradation t½(aerobic) = 33 d, t½(anaerobic) = 1 d in natural waters (Capel & Larson 1995)
Ground water: t½ = 24–26496 h, based on estimated unacclimated aqueous aerobic and anaerobic biodegradation

half-lives (Howard et al. 1991)
Sediment:
Soil: t½ = 792–13248 h, based on aerobic soil grab sample data (Howard et al. 1991)

t½ ~ 3 yr in soil (Geyer et al. 2000)
Biota:

TABLE 18.1.1.51.1
Reported aqueous solubilities of heptachlor epoxide at various temperatures

Biggar & Riggs 1974

shake flask-GC

t/°C S/g·m–3 S/g·m–3 S/g·m–3

particle size 0.01µ 0.05µ 5.0µ
15 0.110
25 0.025 0.120 0.200
35 0.350
45 0.600

FIGURE 18.1.1.51.1 Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for heptachlor
epoxide.

Heptachlor epoxide: solubility vs. 1/T
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18.1.1.52 Kepone

Common Name: Kepone
Synonym: Chlordecone, CIBA 8514
Chemical Name: 1,2,3,4,5,5,6,7,9,10,10-dodecachlorooctahydro-1,3,4-metheno-2-cyclobuta-[c,d]-pentalone
CAS Registry No: 143-50-0
Uses: Insecticide/Fungicide
Molecular Formula: C10Cl10O
Molecular Weight: 490.636
Melting Point (°C): 

350 (dec. Howard 1991; Montgomery 1993; Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol):

369.9 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 6.5 × 10–4 (mp at 350°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

4.0 (100°C, Günther et al. 1968)
2.7 (quoted Weil 1978 unpublished result, Kilzer et al. 1979)
3.0 (20°C, Kenaga & Goring 1978, Kenaga 1980)
7.6 (24°C, shake flask-nephelometry/fluo., Hollifield 1979; quoted, Howard 1991; Montgomery 1993)

Vapor Pressure (Pa at 25°C):

3.0 × 10–5 (Kilzer et al. 1979; quoted, Howard 1991; Montgomery 1993)

Henry’s Law Constant (Pa·m3/mol):

0.00153 (calculated-P/C, Howard 1991)
0.00311 (calculated-P/C, Montgomery 1993)
0.00140 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

5.50 (Di Toro 1985)
5.41 (shake flask, log P database, Hansch & Leo 1987)
4.07 (calculated, Montgomery 1993)
5.41 (recommended, Sangster 1993)
5.44 (selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

4.04 (shrimp, 10–20 d exposure, Bahner et al. 1979)
3.92 (Kenaga & Goring 1980)
4.0, 2.65, 2.76 (sludge, algae, golden ide, Freitag et al. 1985)
3.84 (oyster, Zaroogian et al. 1985)
4.39, 4.46 (oyster, calculated-KOW & models, Zaroogian et al. 1985)

Cl
Cl

Cl Cl
O

Cl
Cl

Cl

Cl

Cl

Cl
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4.39, 4.47 (sheephead minnow, calculated-KOW & models, Zaroogian et al. 1985)
3.85 (Spot Leiostomus xanthurus, 19-d uptake and 28-d clearance studies, Fisher et al. 1986)
4.11 (grass shrimp Palaemonetes pugio, 16-d uptake and 21-d clearance studies, Fisher & Clark 1990)
3.04–3.34 (fathead minnow, quoted, Howard 1991)
3.19, 3.09, 2.84, 0.91 (Cyprinodon variegatus, Leiostomus xanthrus, Palaemonetes pugio, Callinetes sapidus,

quoted, Howard 1991)
3.36–3.99 (Atlantic menhaden, Howard 1991)
4.34–4.78 (Atlantic silversides, Howard 1991)

Sorption Partition Coefficient, log KOC: 

3.38–3.41 (calculated, Howard 1991)
4.74 (calculated, Montgomery 1993)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ = 3.8–46 yr predicted for evaporation from a river 1 m deep, flowing at 1 m/s with a wind
velocity of 3 m/s (Howard 1991).

Photolysis: indefinite in air (Howard et al. 1991).
Oxidation:
Hydrolysis: no hydrolyzable group (Howard et al. 1991).
Biodegradation: aerobic aqueous t½ = 7488 to 17,280 h (312 d to 2 yr), based on aerobic aquatic microcosm

study, anaerobic t½ = 29,952–69,120 h (1248 d to 8 yr) based on unacclimated aerobic biodegradation half-
life (Howard et al. 1991).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:
Kinetic data of spot Leiostomus xanthurus in 19-d uptake and 28-d clearance studies (Fisher et al. 1986)

k1 = 0.273 d–1; k2 = 0.037 d–1 with t½ = 18.7 d, uncontaminated water + 4% ration contaminated food,
k1 = 217.3 d–1; k2 = 0.03 d–1 with t½ = 23.5 d, contaminated water + 4% ration uncontaminated food,
k1 = 0.265 d–1; k2 = 0.037 d–1 with t½ = 18.7 d, uncontaminated water + 8% ration contaminated food,
k1 = 185.5 d–1; k2 = 0.027 d–1 with t½ = 25.5 d, contaminated water + 8% ration uncontaminated food,
k1 = 0.262 d–1; k2 = 0.032 d–1 with t½ = 21.5 d, contaminated food (4% ration) then water,
k1 = 214 d–1; k2 = 0.023 d–1 with t½ = 29.9 d, contaminated water then food (a 4% ration)
k1 = 0.292 d–1; k2 = 0.043 d–1 with t½ = 16.2 d, contaminated food (a 8% ration) then water,
k1 = 154 d–1; k2 = 0.020 d–1 with t½ = 35.4 d, contaminated water then food (a 8% ration)

Kinetic data of grass shrimps in 16-d uptake and 21-d clearance studies (Fisher & Clark 1990)
k1 = 0.475 d–1; k2 = 0.017 d–1 with t½ = 28 d, uncontaminated water + 4% ration contaminated food,
k1 = 175 d–1; k2 = 0.014 d–1 with t½ = 47.8 d, contaminated water + 4% ration uncontaminated food,
k1 = 0.499 d–1; k2 = 0.019 d–1 with t½ = 36.3 d, contaminated food (4% ration) then water,
k1 = 182 d–1; k2 = 0.013 d–1 with t½ = 51.5 d, contaminated water then food (a 4% ration)
k1 = 0.399 d–1; k2 = 0.021 d–1 with t½ = 32.3 d, contaminated food (a 8% ration) then water,
k1 = 170 d–1; k2 = 0.011 d–1 with t½ = 63.7 d, contaminated water then food (a 4% ration)

Half-Lives in the Environment:

Air: estimated t½ = 438,000 to 4.2 × 107 h or 50–200 yr (Howard et al. 1991).
Surface water: t½ = 7488 to 17,280 h or 312 d to 2 yr, based on aerobic aquatic microcosm study of soil and

water grab samples (Howard et al. 1991).
Ground water: estimated t½ = 14,976 to 34,560 h (624 d to 4 yr) based on aqueous aerobic biodegradation

(Howard et al. 1991).
Sediment:
Soil: estimated t½ = 7488 to 17,280 h (312 d to 2 yr) based on aerobic aquatic microcosm study (Howard et al.

1991).
Biota: clearance t½ = 28 d (shrimp, 10–20 d exposure, Bahner 1977
Clearance t½ = 16.2–35.4 d for spot Leiostomus xanthurus (Fisher et al. 1986):

t½(4W) = 18.7 d for kepone contaminated water + uncontaminated food at 4% ration
t½(4F) = 23.5 d for uncontaminated water + kepone contaminated food at 4% ration 
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t½(8W) = 18.7 d for kepone contaminated water + uncontaminated food at 8% ration,
t½(8F) = 25.5 d for uncontaminated water + kepone contaminated food at 8% ration 
t½(4FW-food) = 21.5 d for dietary accumulation in combined exposure (food-water) at 4% ration
t½(4FW-water) = 29.9 d for dietary accumulation in combined exposure (water-food) at 4% ration
t½(8FW-food) = 16.2 d for dietary accumulation in combined exposure (food-water) at 8% ration
t½(8FW-water) = 35.4 d for dietary accumulation in combined exposure (water-food) at 8% ration

Clearance t½ = 32.3–63.7 d for grass shrimps Palaemonetes pugio (Fisher & Clark 1990):
t½(4W) = 47.8 d for kepone contaminated water + uncontaminated food at 4% ration
t½(4F) = 40.6 d for uncontaminated water + kepone contaminated food at 4% ration 
t½(4FW-food) = 36.3 d for dietary accumulation in combined exposure (food-water) at 4% ration
t½(4FW-water) = 51.5 d for dietary accumulation in combined exposure (water-food) at 4% ration
t½(8FW-food) = 32.3 d for dietary accumulation in combined exposure (food-water) at 8% ration
t½(8FW-water) = 63.7 d for dietary accumulation in combined exposure (water-food) at 8% ration
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18.1.1.53 Leptophos

Common Name: Leptophos 
Synonym: Abar, Phosvel, VCS-506
Chemical Name: O-(4-bromo-2,5-dichlorophenyl) O-methyl phenylphosphorothioate
Uses: insecticide
CAS Registry No: 21609-90-5 
Molecular Formula: C13H10BrCl2O2PS
Molecular Weight: 412.066
Melting Point (°C):

71 (Lide 2003)
Boiling Point (°C): 
Density (g/cm3 at 20°C): 

1.53 (25°C, Merck Index 1989)
Molar Volume (cm3/mol):

317.8 (calculated-Le Bas method at normal boiling point)
269.3 (calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.354 (mp at 71°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.03 (shake flask-UV, Carringer et al. 1975)
0.03 (20°C, GC, Freed 1976)
0.0047 (20°C, shake flask-GC, Chiou et al. 1977)
2.4 (Martin & Worthing 1977; Kenaga 1980; Kenaga & Goring 1980; Khan 1980)
0.07 (20°C, shake flask-GC, Bowman & Sans 1979)
0.0047 (20–25°C, shake flask-GC, Freed et al. 1979)
0.005 (20–25°C, shake flask-GC, Kanazawa 1981)
0.021 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
0.03 (Budavari 1989)

Vapor Pressure (Pa at 25°C or as indicated):

3.07 × 10–6 (20°C, NIEHS 1975; quoted, Freed et al. 1977)
2.27 × 10–5 (30°C, NIEHS 1975; quoted, Freed et al. 1977)
3.07 × 10–6 (20–25°C, Freed et al. 1979)
3.00 × 10–6 (20°C, selected, Suntio et al. 1988) 
0.0002 (Merck Index 1989)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.27  (20°C, calculated-P/C, Mackay & Shiu 1981)
0.25  (20°C, calculated-P/C, Suntio et al. 1988)

Octanol/Water Partition Coefficient, log KOW:

6.30 (NIEHS 1975; quoted, Freed et al. 1977)
6.31 (20°C, shake flask-GC, Chiou et al. 1977)
6.31 (Hansch & Leo 1979)
4.32 (20°C, shake flask-GC, Kanazawa 1981)

O
P
S

ClBr

Cl O
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5.88 (22°C, shake flask-GC, Bowman & Sans 1983b)
6.31 (recommended, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

2.81 (Daphnia magna, wet wt. basis, Macek et al. 1979) 
2.88, 3.16 (fish: flowing water, static water; Kenaga 1980; Kenaga & Goring 1980)
2.58, 2.86 (calculated-S, calculated-KOC, Kenaga 1980)
3.78 (Pseudorasbora parva, Kanazawa 1981)
3.16 (mosquito fish, wet wt. basis, De Bruijn & Hermens 1991)
3.78 (topmouth gudgeon, wet wt. basis, De Bruijn & Hermens 1991)
2.88 (fish, reported as log BAFW, LeBlanc 1995)

Sorption Partition Coefficient, log KOC: 

3.97 (soil, Carringer et al. 1975)
3.43 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
3.97, 4.45 (reported as log KOM, estimated as log KOM, Magee 1991)
4.50 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
3.88, 4.74 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Half-Lives in the Environment:
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18.1.1.54 Lindane (γ-HCH)

Common Name: Lindane (γ-HCH)
Synonym: Aalindan, Aficide, Agrisol G-20, Agrocide, Agronexit, Ambocide, Ameisenatod, Ameisenmittelmerck,

Aparacin, Aparasin, Aphtiria, Aplidal, Arbitex, BBX, Ben-hex, Bentox 10, Benzenehexachloride, Benzex, Bexol,
BHC, γ-BHC, Celanex, Chloran, Chloresene, Codechine, DBH, Detmol-extrakt, Detox 25, Devoran, Dolmix, ENT
7796, Entomoxan, Exagama, Forlin, Gallogama, Gamacid, Gamaphex, Gamene, Gamiso, Gamahexa, Gamalin,
Gammexane, Gammopaz, Gexane, HCCH, Gyben, HCCH, HCH, γ-HCH, Heclotox, Hexa, Hexachlor, γ-Hexachlor,
Hexachloran, γ-Hexachloran, Hexachlorane, γ-Hexachlorane, γ-Hexachlorobenzene, Hexamul, Hexapurdre,
Hexatox, Hexaverm, Hexdow, Hexicide, Hexyclan, HGI, Hortex, Inexit, Isaton, Isotox, Jacutin, Kokotine, Kotol,
Kwell, Lendine, Lentox, Lidenal, Lindafor, Lindagam, Lindagrain, Lindagranox, γ-Lindine, Lindapoudre, Lindatox,
Lindosep, Lintox, Lorexane, Milbol 49, Mszycol, NA 2761, NCI-C00204, Neo-scabicidol, Nexen FB, Nexit, Nexit-
stark, Nexol-E, Nicochloran, Novigam, Omnitox, Ovadziak, Owadziak, Pedraczak, Pflanzol, Quellada, Silvanol,
Soprocide, Spritz-rapidin, Spruehpflanzol, Streunex, Tap 85, TBH, Tri-6, Viton

Chemical Name: 1,2,3,4,5,6-hexachlorocyclohexane; γ-hexachlorocyclohexane; γ-1,2,3,4,5,6-hexachloro-cyclohexane;
1α,2α,3β,4α,5α,6β-1,2,3,4,5,6-hexachloro-cyclohexane

Uses: insecticide and pesticide with contact, stomach, and respiratory action to control a broad spectrum of phytophagous
and soil inhibiting insects, public health pests, and animal ectoparasites.

CAS Registry No: 58-89-9
Molecular Formula: C6H6Cl6

Molecular Weight: 290.830
Melting Point (°C): 

112.5 (Slade 1945; Howard 1991; Montgomery 1993; Milne 1995; Lide 2003)
Boiling Point (°C):

323.4 (Howard 1991; Montgomery 1993; Lide 2003)
Density (g/cm3 at 20°C):

1.87 (Montgomery 1993) 
Molar Volume (cm3/mol): 

243.6 (calculated-Le Bas method at normal boiling point)
Enthalpy of Vaporization, ∆HV (kJ/mol):

101.13 (Spencer & Cliath 1970)
76 (Rordorf 1989)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
22.4 (Rordorf 1989)
22.13 (Ruelle & Kesselring 1997)

Entropy of Fusion, ∆Sfus (J/mol K): 
41.4 (Plato & Glasgow 1969)
58.0 (Rordorf 1989)
61.1 (Hinckley et al. 1990; Passivirta et al. 1999)

Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F:
0.12 (20°C, Suntio et al. 1988)
0.138 (Mackay et al. 1986)

Water Solubility (g/m3 or mg/L at 25°C or as indicated and reported temperature dependence equations. Additional 
data at other temperatures designated * are compiled at the end of this section):

10 (20°C, Slade 1945; Günther et al. 1968; Spencer 1973, 1982)
7.3* (shake flask-UV spectrophotometry, measured range 25–45°C, Richardson & Miller 1960)
0.50–6.60 (particle size of 0.04–5µ, shake flask-GC, room temp., Robeck et al. 1965)
5.7 (partition coefficient, Atkins & Eggleton 1971)

Cl

Cl

Cl

Cl

Cl

Cl
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7.52 ± 0.041 (shake flask-centrifuge/GC, Masterton & Lee 1972)
7.40, 5.75 (28°C, shake flask-centrifuge, membrane filter-GC, maximum 0.1 µm particle size, Kurihara et al.

1973)
6.61, 6.24 (28°C, shake flask-centrifuge, sonic and centrifuge-GC, max. 0.05 µm particle size, Kurihara et al.

1973)
12 (26.5°C, Bhavnagary & Jayaram 1974)
0.15*, 0.60*, 6.80* (shake flask-GC, for different particle sizes: 0.01µ, 0.05µ, 5.0µ, measured range 15–45°C,

Biggar & Riggs 1974)
7.8 (generator column-GC/ECD, Weil et al. 1974)
0.15 (Martin & Worthing 1977; Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
2.0 (shake flask-nephelometry, Hollifield 1979)
7.88 (20–25°C, shake flask-GC, Kanazawa 1981)
6.50, 9.20 (15, 25°C, shake flask method, average values of 6–7 laboratories, OECD 1981)
10 (20–25°C, shake flask-GC, Platford 1981)
10.3 (shake flask-GC/ECD, Malaiyandi et al. 1982)
9.50, 7.9–8.2 (shake flask-GC/ECD: Milli-Q water, environmental surface waters, Saleh et al. 1982)
6.11 (20°C, Deutsche Forschungsgemeinschaft 1983; Ballschmiter & Wittlinger 1991; Fischer et al.

1991; 1993)
7.87 (24°C, shake flask-GC, Chiou et al. 1986)
7.0 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
log [SL/(mol/L)] = 2.220 – 1237/(T/K) (liquid, Passivirta et al. 1999)
67.77, 71.84 (supercooled liquid SL: derivation of literature-derived value, final-adjusted value, Xiao et al. 2004)
log [SL/(mol m–3)] = –749.8/(T/K) + 2.78 (supercooled liquid, linear regression of literature data, Xiao et al. 2004)
log [SL/(mol m–3)] = –788.4/(T/K) + 2.04 (supercooled liquid, final adjusted eq., Xiao et al. 2004)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

4.0, 18.7, 64(20, 40, 60°C static method, Slade 1945)
0.001253* (20°C, effusion manometer, measured range 0–90°C, Balson 1947)
log (P/mmHg) = 15.515 – 6020/(T/K); temp range 50–90°C, (effusion manometer, Balson 1947)
0.00435* (20°C, gas-saturation-GC, measured range 20–40°C, Spencer & Cliath 1970)
log (P/mmHg) = 13.544 – 5288/(T/K), temp range 20–40°C (gas saturation-GC, Spencer & Cliath 1970)
0.00413 (20°C, Partition coefficient, Atkins & Eggleton 1971)
0.0213 (20°C, Demozay & Marechal 1972)
0.00125 (20°C, Martin 1972, Melnikov 1971, Spencer 1973; Montgomery 1993)
0.0028 (20°C, estimated from diffusion rate, Zimmerli & Marek 1974)
0.0026 (20°C, estimated-relative loss rate, Dobbs & Grant 1980)
0.00426 (20°C, volatilization rate, Burkhard & Guth 1981)
log (P/mmHg) = 15.515 – 6020/(T/K) (Gückel et al. 1982)
0.166 (GC-RT correlation, Watanabe & Tatsukawa 1989)
0.0056 (20°C, Hartley & Kidd 1987; Worthing & Walker 1987, Worthing & Hance 1991; Tomlin 1994)
0.107, 0.0654 (PGC by GC-RT correlation, different stationary phases, Bidleman 1984)
0.0552 (supercooled liquid PL, converted from literature PS with ∆Sfus Bidleman 1984)
0.00321; 0.00368 (20°C, gas saturation-GC, gas saturation-mixed bed-GC, Kim 1985)
0.00435 (20°C, GC-RT correlation, Kim 1985)
6.70 × 10–3* (gas saturation-GC, measured range 25–125°C, Rordorf 1989)
log (PS/Pa) = 15.096 – 5148.9/(T/K); measured range 45–113°C (solid, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 12.05 – 3970.1/(T/K); measured range 115–171°C (liquid, gas saturation-GC, Rordorf 1989)
0.0552, 0.0649 (supercooled PL, converted from literature PS with different ∆Sfus values, Hinckley et al. 1990) 
0.107, 0.0706 (PGC by GC-RT correlation with different reference standards, Hinckley et al. 1990)
log (PL/Pa) = 11.15 – 3680/(T/K) (GC-RT correlation, supercooled liquid PL, Hinckley et al. 1990; quoted,

Boehncke et al. 1996))
7.426 × 10–4 (Howard 1991)
0.0044 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
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0.0145, 0.0398, 0.1035 (supercooled liquid values at 10°C, 20°C, 30°C, calculated from Hinckley et al. 1990;
Cotham & Bildeman 1992)

0.0094* (20°C, gas saturation-GC/ECD, measured range –30 to 30°C, Wania et al. 1994; quoted, Boehncke
et al. 1996)

log (PS/Pa) = 16.99 – 5566/(T/K), temp range –30 to + 30°C (solid, gas saturation-GC, Wania et al. 1994)
0.00737* (Knudsen effusion method, measured range 19.63–53.07°C, Boehncke et al. 1996)
0.00383 (20°C, interpolated from vapor pressure eq. ln (P/Pa) = (34.53 ± 0.21) – (11754 ± 72)/(T/K), temp

range 20–50°C, Boehncke et al. 1996)
0.0104* (torsion and Knudsen-effusion methods, measured range 310–384 K, Giustini et al. 1998)
log (P/kPa) = (11.23 ± 0.50) – (4832 ± 150)/(T/K); temp range 310–384 K (torsion and Knudsen-effusion meth-

ods, Giustini et al. 1998) 
0.189, 0.131; 0.0167 (quoted supercooled liquid PL: calculated, GC-RT correlation; converted to solid PS with

fugacity ratio F, Passivirta et al. 1999)
log (PL/Pa) = 13.80 – 4330/(T/K), (supercooled liquid, Passivirta et al. 1999)
0.0776, 0.0759 (supercooled liquid PL: LDV literature derived value, FAV final adjusted value, Xiao et al. 2004)
log (PL/Pa) = –3890/(T/K) + 11.94 (supercooled liquid, linear regression of literature data, Xiao et al. 2004)
log (PL/Pa) = –3905/(T/K) + 11.98 (supercooled liquid, final adjusted eq., Xiao et al. 2004)

Henry’s Law Constant (Pa·m3/mol or as indicated and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section):

0.005 (calculated-P/C, Mackay & Leinonen 1975)
0.22 (gas stripping, Atkins & Eggleton 1971)
0.32 (24°C, calculated-P/C, Chiou et al. 1980)
0.018–0.55 (calculated-P/C, Mabey et al. 1982)
0.124 (20°C, volatilization rate, Burkhard & Guth 1981)
0.27–0.32 (calculated-P/C, Mackay & Shiu 1981)
0.05 (calculated-P/C, Lyman et al. 1982; quoted, Suntio et al. 1988)
0.0486 (calculated-P/C, Thomas 1982)
0.322 (calculated-P/C, Jury et al. 1984, 1987a; Jury & Ghodrati 1989)
0.158 (calculated-P/C, Mackay et al. 1986)
0.202, 0.234 (23°C, wetted-wall column-GC/ECD, Fendinger & Glotfelty 1988)
1.49 (WERL Treatability Database, Ryan et al. 1988)
0.129 (20°C, calculated-P/C, Suntio et al. 1988)
0.322 (calculated-P/C, Taylor & Glotfelty 1988)
0.199, 0.209 (22–24°, fog chamber-concentration ratio-GC/ECD, Fendinger et al. 1989)
0.0486 (20°C, Lyman et al. 1990; quoted, Hemond & Fechner 1994)
0.10 (calculated-P/C, Ballshmiter & Wittlinger 1991; Fischer et al. 1991)
0.296 (calculated-P/C, Howard 1991)
0.353* (distilled water, gas stripping-GC/ECD, measured range 0.5–45°C, Kucklick et al. 1991)
log [H/(Pa·m3 mol–1)] = –2382/(T/K) + 7.54, temp range: 0.5–45°C (gas stripping-GC/ECD, Kucklick et al.

1991, McConnell et al. 1993)
0.0627, 0.137, 0.363, 0.996, 2.57 (0.5, 10, 23, 35, 45°C, gas stripping-GC/ECD, artificial seawater, Kucklick et

al. 1991)
log [H/(Pa·m3 mol–1)] = –2703/(T/K) + 8.68; temp range 0.5–45°C (gas stripping-GC/ECD, artificial seawater,

Kucklick et al. 1991)
0.17 (calculated-P/C, Calamari et al. 1991)
0.10, 1.50 (calculated-P/C, Fischer et al. 1991)
25.9 (calculated-bond contribution method, Meylan & Howard 1991)
0.13 (20°C), 0.20, 0.339, 0.363 (23°C), 0.158 (Iwata et al. 1993)
0.121 at 8°C in Green Bay, 0.242 at 18.9°C in Lake Michigan, 0.236 at 18.5°C in Lake Huron, 0.301 at 22.3°C

in Lake Erie and 0.301 at 22.3°C in Lake Ontario (concn ratio-GC, McConnell et al. 1993)
0.0246 (20°C, Montgomery 1993)
0.520 (wetted wall column-GC, Altschuh et al. 1999)
log [H/(Pa m3/mol)] = 11.58 – 3049/(T/K) (Passivirta et al. 1999)
0.18* (20°C, air stripping-GC, measured range 10–40°C, Jantunen et al. 2000)
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log [H/(Pa m3/mol)] = 9.51 – 3005/(T/K); temp range 10–40°C (gas stripping, Jantunen et al. 2000) 
0.258 (20°C, selected from literature experimentally measured data, Staudinger & Roberts 1996, 2001)
log KAW = 3.715 – 2254/(T/K) (van’t Hoff eq. derived from literature data, Staudinger & Roberts 2001)
0.14* (20°C, dynamic headspace-GC, DHS method, measured range 5–35°C, Sahsuvar et al. 2003)
0.15* (20°C, gas stripping-GC, BS method, measured range 5–35°C, Sahsuvar et al. 2003)
0.14* (20°C, mean value of DHS and BS methods, temp range 5–35°C, Sahsuvar et al. 2003)
log [H/(Pa m3/mol)] = 10.14 – 3208/(T/K); temp range 5–35°C (Sahsuvar et al. 2003)
0.159, 0.193 (20, 23°C, dynamic equilibrium system-GC/MS, measured range 278–293 K, Feigenbrugel et al. 2004)
0.269, 0.309 (LDV literature-derived value, FAV final adjusted value, Xiao et al. 2004)
log [H/(Pa m3/mol)] = –2940/(T/K) + 9.29 (LDV linear regression of literature data, Xiao et al. 2004)
log [H/(Pa m3/mol)] = –3117/(T/K) + 9.94 (FAV final adjusted eq., Xiao et al. 2004)
0.165* (seawater, dynamic equilibrium system-GC/MS, measured range 278–293 K, Xiao et al. 2004)

Octanol/Water Partition Coefficient, log KOW at 25°C or as indicated. Additional data at other temperatures designated 
* are compiled at the end of this section: 

3.72 (shake flask-GC, Kurihara et al. 1973)
3.65 (HPLC-RT correlation, Sugiura et al. 1979)
3.85 (HPLC-RT correlation, Veith et al. 1979)
2.81 (Rao & Davidson 1980)
3.66 (shake flask-GC, concn. ratio, Kanazawa 1981)
3.62 (HPLC-k′ correlation, McDuffie 1981)
3.25 (shake flask-GC, Platford 1982) 
3.53 (shake flask-GC/FID, Hermens & Leeuwangh 1982)
3.90 (Elgar 1983)
3.61 (Hansch & Leo 1985)
3.67 (HPLC-RT correlation, Eadsforth 1986)
3.00 (HPLC-RT correlation, De Kock & Lord 1987)
3.57 (shake flask-GC, Kishi & Hashimoto 1989)
3.688 ± 0.021 (shake flask/slow stirring-GC, De Bruijn et al. 1989)
3.51 (shake flask-GC, Noegrohati & Hammers 1992)
3.20–3.89 (Montgomery 1993)
5.32 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
3.55 (recommended, Sangster 1993)
3.52 (RP-HPLC-RT correlation, Finizio et al. 1997)
3.72* ± 0.01 (shake flask-slow stirring-GC, measured range 5–35°C, Paschke & Schüürmann 1998)
3.80; 3.71 (quoted lit.; calculated, Passivirta et al. 1999)
3.70, 3.83 (LDV literature-derived value, FAV final-adjusted value, Xiao et al. 2004)
log KOW = 282.2/(T/K) + 2.78 (LDV linear regression of literature data, Xiao et al. 2004)
log KOW = 533.2/(T/K) + 2.04 (LDV linear regression of literature data, Xiao et al. 2004)

Octanol/Air Partition Coefficient, log KOA at 25°C and reported temperature dependence equations. Additional data 
at other temperatures designated * are compiled at the end of this section:

7.70 (calculated-KOW/KAW, Wania & Mackay 1996)
8.08 (calculated, Finizio et al. 1997)
7.847*, 7.849 (gas saturation-GC/MS, calculated, measured range 5–25°C, Shoeib & Harner 2002)
log KOA = –3.61 + 3415/(T/K), temp range: 5–25°C (gas saturation-GC, Shoeib & Harner 2002)
7.84, 7.74 (LDV literature derived value, FAV final adjusted value, Xiao et al. 2004)
log KOA = 3415/(T/K) – 3.61 (LDV linear regression of literature data, Xiao et al. 2004)
log KOA = 3521/(T/K) – 4.07 (FAV final adjusted eq., Xiao et al. 2004)

Bioconcentration Factor, log BCF: 

–1.78 (beef biotransfer factor log Bb, correlated-KOW, Radeleff et al. 1952; Kenaga 1980;)
–0.41 (vegetation, correlated-KOW, Lichtenstein 1959; Voerman & Besemer 1975)
–2.60 (milk biotransfer factor log Bm, correlated-KOW, Saha 1969)
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2.15, 2.34 (Voerman & Tammes 1969)
1.83, 3.24 (brine shrimp, silverside fish, Matsumura & Benezet 1973)
1.98, 2.26 (brine shrimp in water, brine shrimp in sand, Matsumura & Benezet 1973)
3.21 (northern brook silverside fish to lindane residues on sand, Matsumura & Benezet 1973)
2.75, 2.66 (fish, snail, Metcalf et al. 1973)
2.26 (fathead minnow, Canton et al. 1975)
2.23, 2.65 (zooplankton, Hamelink & Waybrant 1976)
2.00 (mussels, steady state, Ernst 1977)
1.92, 2.34, 1.80, 2.69 (pink shrimp, pinfish, grass shrimp, sheepshead minnow, Schimmel et al. 1977; quoted,

Howard 1991)
2.88, 2.45, 2.65, 2.97 (golden orfe, carp, brown trout, guppy, Sugiura et al. 1979)
2.68 (fathead minnow, Veith et al. 1979)
2.26 (fathead minnow, 32-d exposure, Veith et al. 1979; Veith & Kosian 1983)
2.51, 2.75 (fish: flowing water, static water; Kenaga 1980b; Kenaga & Goring 1980)
3.26, 1.73 (calculated-S, KOC, Kenaga 1980)
–0.26 (average beef fat diet, Kenaga 1980b)
2.67, 2.25 (fathead minnow, 30-d exposure, 32-d exposure, Veith et al. 1980)
3.10 (topmouth gudgeon, Kanazawa 1981)
2.19 (mussel, quoted average, Geyer et al. 1982)
3.10 (topmouth gudgeon, Kanazawa 1983)
3.42 (clam fat, 60-d exptl., Hartley & Johnson 1983)
2.38, 2.46 (algae: exptl., calculated, Geyer et al. 1984)
2.26 (fathead minnow, Davies & Dobbs 1984)
2.38, 2.88, 2.91 (algae, fish, activated sludge, Klein et al. 1984)
2.38, 2.57, 2.91 (algae, golden ide, activated sludge, Freitag et al. 1985)
2.89–3.32 mean 3.08; 2.94–5.46 mean 3.30 (p,p′-DDE, rainbow trout, 15°C, steady-state BCF on 7- to 96-d

laboratory study in 2 tanks with different water concn, Oliver & Niimi 1985)
3.32, 3.20; 3.00 (rainbow trout: kinetic BCF, steady-state BCF; Lake Ontario field BCF, Oliver & Niimi 1985)
2.50 (Salmo gairdneri Richardson fry, Ramamoorthy 1985)
2.78, 2.73, 2.78; 2.61 (mussel, pinfish, sheepshead minnow; calculated-KOW and models, Zaroogian et al. 1985)
2.38, 2.67 (quoted values: mussel, sheepshead minnow, Zaroogian et al. 1985)
2.76; 2.43 (salmon fry in humic water April 1982; Oct. 1983, at steady state, Carlberg et al. 1986)
2.42, 2.84; 2.45–3.18 (salmon fry in lake water, quoted lit. values, Carlberg et al. 1986)
2.33 (Daphnia magna, wet wt. basis, Korte & Freitag 1986)
3.53 (azalea leaves, Bacci & Gaggi 1987)
2.38 (paddy field fish, Soon & Hock 1987)
4.30 (zooplankton, chum salmon, Kawano et al. 1988)
3.53, 5.88 (dry leaf, wet leaf, Bacci et al. 1990)
2.33 (Daphnia magna, Geyer et al. 1991)
2.09, 2.70, 2.29, 2.34 (zebrafish: egg, embryo, yolk sac fry, juvenile, Görge & Nagel 1990)
1.96 (calculated, Banerjee & Baughman 1991)
2.93, 2.96 (Brachydanio rerio, Butte et al. 1991)
2.67 (selected, Chessells et al. 1992)
1.58 (Hydrilla, Hinman & Klaine 1992)
2.16–2.57 (rainbow trout in early life stages on wet wt. basis, Vigano et al. 1992; quoted, Devillers et al. 1996)
3.77–3.85 (rainbow trout in early life stages on lipid basis, Vigano et al. 1992)
2.65 ± 2.23; 1.63–3.63 (aquatic organisms, wet wt basis, average value; range, Geyer et al. 1997)
4.04 (aquatic organisms, lipid basis, Geyer et al. 1997)
2.65; 2.606, 2.676 (fish, steady-state, quoted lit.; calculated-MCI χ, calculated-KOW, Lu et al.1999)

Sorption Partition Coefficient, log KOC: 

2.96 (soil, Hamaker & Thompson 1972;, Kenaga 1980a, b; Kenaga & Goring 1980)
4.09 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
3.40 (soil, Kenaga 1980)
2.87 (average of 3 soils, HPLC-RT, McCall et al. 1980)
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4.64 (calculated-S, Mill et al. 1980)
3.03 (av. for 3 soils, Rao & Davidson 1982)
2.88, 2.95, 2.74; 2.87 (Commerce soil, Tracy soil, Catlin soil; average soil, McCall et al. 1980)
4.07, 2.90 (estimated-S, KOW, Lyman 1982)
3.11 (soil, screening model simulations, Jury et al. 1984, 1987a, b; Jury & Ghodrati)
4.30, 3.50 (field data of river sediment, calculated-KOW, Oliver & Charlton 1984)
3.03 (Rao & Davidson 1982, Howard 1991)
2.63–3.18 (reported as log KOM, Mingelgrin & Gerstl 1983)
3.04 (Caron et al. 1985)
1.63 (log KP with first-order adsorption rate 0.088 h–1, Miller & Weber 1986)
3.11, 2.82 (quoted, calculated-MCI χ, Gerstl & Helling 1987)
0.114 (screening model calculations, Jury et al. 1987b)
4.02 (RP-HPLC-k′ correlation, cyanopropyl column, Hodson & Williams 1988)
3.47 (calculated-KOW as per Kenaga & Goring 1980, Chapman 1989)
2.38 (average of 2 soils, Kanazawa 1989)
2.84, 3.11, 3.08, 2.98, 2.88 (5 soils: clay loam/kaolinite, light clay/montmorillonite, light clay/montmorillite,

sandy loam/allophane, clay loam/allophane, batch equilibrium-sorption isotherm, Kishi et al. 1990)
3.11 (soil, Mackay & Stiver 1991)
3.04 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.38–3.52 (quoted lit. range, Montgomery 1993)
3.00 (calculated-MCI 1χ, Sabljic et al. 1995)
3.00; 4.57 (soil, quoted exptl.; estimated-general model, Gramatica et al. 2000)
5.40; 3.30 (soil, calculated-universal solvation model; quoted exptl., Winget et al. 2000)
3.02, 3.00, 3.08 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, 0.1 ≤ OC < 0.5%, average, Delle Site 2001)
3.49 (sediment: organic carbon OC ≥ 0.5%, average, Delle Site 2001)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ = 191 d was estimated from water (Mackay & Leinonen 1975, quoted, Howard 1991)
estimated t½ > 200 d (Callahan et al. 1979); 
t½(exptl.) = 3.2 d in nonstirred water and t½(exptl) = 1.5 d in stirred water from 4.5 cm deep distilled water

at 24°C (Chiou et al. 1980; quoted, Howard 1991); 
estimated half-lives: 3.4 d in nonstirred water and 2.3 d in stirred water (Chiou et al. 1980); 
t½ = 22 d, estimated from a model river of 1 m deep flowing 1 m/s with a wind speed of 3 m/s (Lyman

et al. 1982; quoted, Howard 1991); 
initial k = 4.4 × 10–2 h–1 and predicted k = 1.4 × 10–2 h–1 from soil with t½ = 49.5 h (Thomas 1982); 
t½(calc) = 2760 h from water (Thomas 1982); 
measured rate constant k(exptl) = 3.0 d–1 (Glotfelty et al. 1984; quoted, Glotfelty et al. 1989); 
calculated rate constant k = 0.01 d–1 (Glotfelty et al. 1989); 
t½ = 266 d from lab. and field experiments (Jury et al. 1984; quoted, Spencer & Cliath 1990); 
half-lives in soil surfaces at 20 ± 1°C: t½ = 5.5 to 15.9 d in peat soil and t½ = 2.7 to 6.7 d in sandy soil;

half-lives in plant surfaces at 20 ± 1°C: t½ = 0.56 d in bean, t½ = 0.40 d in turnips and t½ = 0.31 d in oats
(Dörfler et al. 1991).

Photolysis: kP(aq.) = 1.429 × 10–2 d–1 for photolysis in natural waters (Malaiyandi et al. 1982)
kP(aq.) = 8.9 × 10–4 h–1 for Milli-Q water, kP = 4.1 × 10–3 h–1 for natural surface water samples from eutrophic

pond, kP = 3.9 × 10–4 h–1 from eutrophic pond, kP = 4.5 × 10–4 h–1 from oligotrophic rock quarry and the
half-lives were 779, 169, 1791, and 1540 h, respectively, under direct sunlight (Saleh et al. 1982; quoted,
Howard 1991)

Oxidation: rate constant k, for gas-phase second order rate constants, kOH for reaction with OH radical, kNO3

with NO3 radical and kO3 with O3 or as indicated, *data at other temperatures see reference:
kOH = 6.94 × 10–12 cm3 molecule–1 s–1 with a t½ ~ 2.3 d (Atkinson 1987; quoted, Howard 1991)
k(aq.) = 4.2 × 108 M–1 s–1 for the reaction (Fenton with reference to DBCP) with hydroxyl radical in aqueous

solutions at pH 2.9 and at 24 ± 1°C (Buxton et al. 1988; quoted, Faust & Hoigné 1990; Haag & Yao 1992)
k(aq.) ≤ 0.04 M–1 s–1 for direct reaction with ozone in water at pH 2.7–6.3 and 23°C, with a t½ ≥ 10 d at

pH 7 (Yao & Haag 1991).
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calculated tropospheric lifetimes due to gas-phase reaction with OH radical was estimated to be about 7 d
(Atkinson et al. 1992)

kOH (aq.) = (5.8 ± 1.9) × 108 M–1 s–1 (Fenton with reference to DBCP); and k = (5.2 ± 0.9) × 108 M–1 s–1

(photo-Fenton with reference to DBCP) for the reaction with hydroxyl radicals in aqueous solutions at
pH 2.9 and at 24 ± 1°C (Haag & Yao 1992)

Hydrolysis: k(neutral) = 1.6 × 10–4 h–1 indicating that neutral hydrolysis is unimportant, rate constants of
7.5 × 10–3, 8.99 × 10–4, and 1.07 × 10–3 h–1 corresponded to half-lives of 92, 771 and 648 h in natural surface
water samples from eutrophic pond, dystrophic reservoir and oligotrophic rock quarry, respectively (Saleh
et al. 1982; quoted, Howard 1991)
k(neutral) = (1.2 ± 0.2) × 10–4 h–1 with a calculated t½ = 206 d at pH 7 (Ellington et al. 1987, 1988; quoted,

Montgomery 1993) 
t½ = 42 yr at pH 8 and 5°C (Ngabe et al. 1993) 
t½ = 191 d at pH 7, and t½ = 11 h at pH 9 at 22°C (Tomlin 1994)
t½ = 240 d at pH 2, t½ = 210 d at pH 7 and t½ = 0.015 d at pH 12 in natural waters (Capel & Larson 1995)

Biodegradation: k = 0.0026 d–1 by die-away test in soil (Rao & Davidson 1980; quoted, Scow 1982); 
t½ = half-life of 266 d (soil, Jury et al. 1987); 
t½ = 3 to 30, 30 to 300 d and >300 d for river, lake and ground water, respectively (Zoeteman et al. 1980;

quoted, Howard 1991); 
t½ = 266 d for 100-d leaching screening test in 0–10 cm depth of soil (Jury et al. 1984, 1987a, b; Jury &

Ghodrati 1989)
t½(aerobic) = 31 d, t½(anaerobic) = 5.9 d in natural waters (Capel & Larson 1995)
t½(calc) = (20.4 ± 0.1) h in sewage sludge from experiments S1–S3 (Buser & Müller 1995)

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k1 = 3.13 h–1; k2 = 0.0313 h–1 (mussels, Ernst 1977)
k1 = 130 d–1; k2 = 0.063 d–1 (rainbow trout, Oliver & Niimi 1985)
k1 = 14, 179, 196 h–1 (zebrafish: egg, yolk sac fry, juvenile, Görge & Nagel 1990)
k2 = 0.06 h–1 (Chironomus riparius-water only system, Lydy et al. 1992)
k2 = 0.0661 h–1 (Chironomus riparius-screened system, Lydy et al. 1992)
k2 = 0.08 h–1 (Chironomus riparius-3% organic carbon system, Lydy et al. 1992)
k2 = 0.0661 h–1 (Chironomus riparius-15% organic carbon system, Lydy et al. 1992)
k1 = 9.0–26.4 h–1; k2 = 0.04–0.18 h–1 (rainbow trout in early life stages on wet wt. basis, Vigano et al. 1992)
k1 = 180–939 h–1; k2 = 0.031–0.13 h–1 (rainbow trout in early life stages on lipid basis, Vigano et al. 1992)

Half-Lives in the Environment:

Air: t½ ~ 2.3 d was estimated, based on rate constant 6.94 × 10–12 cm3 molecule–1·s–1 for the vapor-phase reaction
with hydroxyl radical in air (Howard 1991); 
calculated tropospheric lifetimes due to gas-phase reaction with OH radical was estimated to be about 7 d

(Atkinson et al. 1992); 
atmospheric transformation lifetime was estimated to be <1 d (Kelly et al. 1994)
Lifetime of 13 d was estimated for atmospheric reaction with OH radical in the tropics (Schreitmüller and

Ballschmiter 1995); 
half-lives in the Great Lake’s atmosphere. t½ = 7.9 ± 1.2 yr at Eagle Harbor, t½ = 4.3 ± 0.5 yr at Sleeping

Bear Dunes and t½ = 4.9 ± 0.5 yr at Sturgeon Point, when accounting the agricultural application effects,
half-lives are, t½ = 9.1 ± 1.3 yr at Eagle Harbor, t½ = 4.6 ± 0.4 yr at Sleeping Bear Dunes and
t½ = 5.4 ± 0.4 yr at Sturgeon Point (Buehler et al. 2004)

Surface water: t½ = 10–138 d in various locations in the Netherlands in case a first order reduction process may
be assumed; and t½ = 3–30 d in rivers and t½ = 30–300 d in lakes (Zoeteman et al. 1980); 
hydrolysis t½(exptl) = 92 h, t½(calc) = 89 h for Roselawn Cemetery Pond at pH 9.3; t½(exptl) = 771 h,

t½(calc) = 578 h for Cross Lake at pH 7.3; t½(exptl) = 648 h, t½(calc) = 231 h for Indiana Quarry at pH 7.8;
photolysis half-lives for direct sunlight during July and adjusted for mid-winter: t½ = 779 h, 1560 h for
Milli-Q water at pH 6.98, t½ = 169 h, 339 h for Roselawn Pond at pH 9.3, t½ = 1791 h, 3590 h for Cross
Lake and t½ = 1540 h, 3090 h for Indiana Quarry (Saleh et al. 1982); 

t½ > 10 d for direction reaction with ozone in water at 23°C and pH 7 (Yao & Haag 1991); 
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hydrolysis t½ = 191 d at pH 7, and t½ = 11 h at pH 9 at 22°C (Tomlin 1994).
Biodegradation t½(aerobic) = 31 d, t½(anaerobic) = 5.9 d, hydrolysis t½ = 240 d at pH 2, t½ = 210 d at pH 7

and t½ = 0.015 d at pH 12 in natural waters (Capel & Larson 1995)
Ground water: t½ –300 d (Zoeteman et al. 1980).
Sediment:
Soil: t½ ~ 2 yr persistence in soil (Nash & Woolson 1967; quoted, Kaufman 1976); 

persistence of 3 yr in soil (Edwards 1973; quoted, Morrill et al. 1982); 
t½ > 50 d and subject to plant uptake via volatilization (Callahan et al. 1979; quoted, Ryan et al. 1988)
First-order t½ = 266 d in soil from biodegradation rate constant k = 0.0026 d–1 by die-away test in soil

(Rao & Davidson 1980; quoted, Scow 1982); 
field t½ = 0.3 d in moist fallow soil (Glotfelty 1981; quoted, Nash 1983); 
microagroecosystem t½ = 1–4 d in moist fallow soil (Nash 1983); measured dissipation rate of 0.16 d–1 (Nash

1983; quoted, Nash 1988); 
estimated dissipation rate of 0.20, 0.10 d–1 (Nash 1988); 
biodegradation t½ = 266 d (soil, Jury et al. 1984, 1987); 
first-order adsorption rate 0.088 h–1 (Miller & Weber 1986; quoted, Brusseau & Rao 1989);
half-lives in soil surfaces at 20 ± 1°C: t½ = 5.5 to 15.9 d in peat soil and t½ = 2.7 to 6.7 d in sandy soil

(Dörfler et al. 1991); reported t½ = 266 d in soil (Jury et al. 1987a, b; Jury & Ghodrati 1989; quoted,
Montgomery 1993);

reaction t½= 266 d (Mackay & Stiver 1991); 
selected field t½ = 400 d (Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996); 
t½ = 14 d for soil depth < 5 cm, t½ = 90 d for 5–20 cm and t½ = 180 d for >20 cm (Dowd et al. 1993)
t½ = 14.5 and 16.0 yr for control and sludge-amended Luddington soils, respectively (Meijer et al. 2001)

Biota: t½ = 22.1 h (mussels, Ernst 1977); 
t½ = 46 d (rainbow trout, Oliver & Niimi 1985); 
biological half-lives for fishes: t½ = 11 d for trout muscle, t½ = 1 d for goldfish, t½ < 1 d for sunfish and

t½ = 4 d for guppy (Niimi 1987); 
t½ = 678 h (azalea leaves, Bacci & Gaggi 1987); 
biochemical t½ = 266 d from screening model calculations (Jury et al. 1987b); 
half-lives in plant surfaces at 20 ± 1°C: t½ = 0.56 d in bean, t½ = 0.40 d in turnips and t½ = 0.31 d in oats

(Dörfler et al. 1991); 
elimination half-lives in the midge (Chironomus riparius) under varying sediment conditions: t½ = 11 h for

water only system, t½ = 10 h for screened system, t½ = 9 h for 3% organic carbon system and t½ = 6 h
for 15% organic carbon system (Lydy et al. 1992); 

half-lives t½ (in h) = 12.09 × L(% lipid) – 10.09, in different aquatic organisms (Geyer et al. 1997).
Average t½ = 90 d (for pesticides used in conjunction with forest management, Neary et al. 1993).

TABLE 18.1.1.54.1
Reported aqueous solubilities of lindane at various temperatures

Richardson & Miller 1960 Biggar & Riggs 1974 OECD 1981

shake flask-UV spectro. shake flask-GC shake flask method

t/°C S/g·m–3 t/°C S/g·m–3 S/g·m–3 S/g·m–3 t/°C S/g·m–3

particle size 0.01µ 0.05µ 5.0µ
25 7.30 15 0.075 0.330 2.150 15 6.50
35 12.0 25 0.150 0.600 6.80 25 9.20
45 14.0 35 0.315 0.950 11.40

45 0.575 1.450 15.20
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FIGURE 18.1.1.54.1 Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for lindane (γ-HCH).

TABLE 18.1.1.54.2
Reported vapor pressures of lindane at various temperatures and the coefficients for the vapor pressure
equations

log P = A – B/(T/K) (1) ln P = A – B/(T/K) (1a)
log P = A – B/(C + t/°C) (2) P = A – B/(C + t/°C) (2a)
log P = A – B/(C + T/K) (3)
log P = A – B/(T/K) – C·log (T/K) (4)

1.

Balson 1947 Spencer & Cliath 1970 Wania et al. 1994 Boehncke et al. 1996

effusion manometer gas saturation-GC gas saturation-GC Knudsen effusion

t/°C P/Pa t/°C P/Pa t/°C P/Pa t/°C P/Pa

0 3.87 × 10–5 20 0.004346 –30 1.701 × 10–6 19.63 0.00374
10 2.40 × 10–4 30 0.0171 –20 7.353 × 10–6 24.95 0.00737
20 1.253 × 10–3 40 0.0608 –10 8.435 × 10–5 28.42 0.0116
30 6.00 × 10–3 30 wet 0.0167 0 4.489 × 10–4 33.58 0.0225
40 0.0257 30 dry 0.0173 10 2.209 × 10–3 37.82 0.0281
50 0.1027 20 9.395 × 10–3 37.86 0.0386
60 0.3706 eq. 1 P/mmHg 30 4.192 × 10–2 43.26 0.0718
70 1.233 A 13.544 48.06 0.123
80 3.853 B 5288 53.07 0.217
90 11.479 eq. 1 P/Pa 20 3.83 × 10–3

∆HV = 101.13 kJ/mol A 16.99
eq. 1 P/mmHg B 5566 eq. 1a P/Pa
A 15.515 A 34.53
B 6020 enthalpy of sublimation: B 11754

temp range: 60–92°C Rordorf 1989 ∆Hsub = 106.6 kJ/mol temp range: 293–323 K

∆HV = 115.06 kJ/mol gas saturation-GC enthalpy of sublimation:

25 0.067 ∆Hsub = 97.7 kJ/mol
50 0.15
75 2.0

Lindane (γ-HCH): solubility vs. 1/T

-21.0

-20.0

-19.0

-18.0

-17.0

-16.0

-15.0

-14.0

-13.0

0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036

1/(T/K)

x nl

Richardson & Miller 1960
Biggar & Riggs 1974 (0.01 µ particle size)
Biggar & Riggs 1974 (0.05 µ particle size)
Biggar & Riggs 1974 (5.0 µ particle size)
OECD 1981
experimental data
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TABLE 18.1.1.54.2 (Continued )

Balson 1947 Spencer & Cliath 1970 Wania et al. 1994 Boehncke et al. 1996

effusion manometer gas saturation-GC gas saturation-GC Knudsen effusion

t/°C P/Pa t/°C P/Pa t/°C P/Pa t/°C P/Pa

100 20.0
125 150

eq. 1 P/Pa
A 15.096
B 5148.9

eq. 1 P/Pa
A 12.05
B 3970.1

2.

Giustini et al. 1998

torsion torsion Knudsen effusion Knudsen effusion

t/°C P/Pa t/°C P/Pa t/°C P/Pa t/°C P/Pa

run 1–4 run 5–8 cell K.1 cell K.2
50 0.162 73 1.9498 37.5 0.0562 70 1.5849
54 0.245 76 2.4547 39.5 0.0776 71.5 1.9055
59 0.407 79 3.3113 44.5 0.1023 72 1.7783
65 0.646 83 4.6774 45.0 0.1175 73.5 2.2387
69 1.148 88 7.2444 48.5 0.1622 74.5 2.3988
74 1.778 93 11.482 49.5 0.1995 75 3.0903
80 2.754 98 17.378 53.5 0.2951 80.5 4.0738
88 5.370 66 0.9550 55.0 0.3311 81 4.2658
97 11.220 69 1.5136 55.5 0.3631 84 7.0795
59 0.4074 76 2.3442 56.5 0.3981 87.5 7.0795
64 0.7244 79 3.0200 63.0 0.8318 89 9.3325
69 1.047 83 4.6774 63.5 0.8128 94 12.303
74 1.622 88 7.2444 65.5 0.9772 99.5 23.442
82 3.311 93 11.482 66.5 1.0471
88 5.495 99 19.953
92 8.710 68 1.2303 eq. 1 kPa eq. 1 kPa
60 0.4074 72 1.7783 A 10.89 A 11.46
66 0.8128 77 2.7542 B 4706 B 4889
71 1.2303 82 4.3652 for temp 310.5–339.5 K for temp 343–377 K
76 1.8621 88 7.0795
82 2.9512 94 13.490
89 5.0119 101 24.547 Combining the above 4 equations, the final equation
98 13.183 104 30.903 log (P/kPa) = 11.23 ± 0.5 – (4832 ± 150)/(T/K)
66 0.8128 80 4.3652 for temperature range 310 to 384 K
71 1.2303 83 5.6234 ∆Hsub = 92.5 kJ/mol at 350 K
76 2.0417 88 9.1201 at 25°C P = 0.0104 Pa
81 2.8184 93 15.136
87 4.6774 97 20.417
92 7.7625 102 30.903
96 11.482 106 48.978

111 66.069

(Continued)
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TABLE 18.1.1.54.2 (Continued )

Giustini et al. 1998

torsion torsion Knudsen effusion Knudsen effusion

t/°C P/Pa t/°C P/Pa t/°C P/Pa t/°C P/Pa

eq. 1 kPa
A 10.78 eq. 1 kPa
B 4709 A 11.79

B 5025
for temp 323–370 K for temp 339–384 K

FIGURE 18.1.1.54.2 Logarithm of vapor pressure versus reciprocal temperature for lindane (γ-HCH).

TABLE 18.1.1.54.3
Reported Henry’s law constants of lindane (-HCH) at various temperatures and temperature dependence
equations

ln KAW = A – B/(T/K) (1) log KAW = A – B/(T/K) (1a)

ln (1/KAW) = A – B/(T/K) (2) log (1/KAW) = A – B/(T/K) (2a)
ln (kH/atm) = A – B/(T/K) (3)
ln H = A – B/(T/K) (4) log H = A – B/(T/K) (4a)
KAW = A – B·(T/K) + C·(T/K)2 (5)

Kucklick et al. 1991 McConnell et al. 1993 Jantunen et al. 2000 Sahsuvar et al. 2003

gas stripping-GC concentration ratio air stripping-GC air stripping/dynamic HS

t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol)

distilled water Green Bay dynamic headspace (DHS)
0.5 0.0721 8.0 0.121 10 0.073 5 0.039

10 0.126 Lake Michigan 20 0.18 10 0.062
15 0.187 18.9 0.242 30 0.39 20 0.14
20 0.258 Lake Huron 35 0.58 30 0.33
23 0.339 18.5 0.236 40 0.80 35 0.60

Lindane (γ-HCH): vapor pressure vs. 1/T

-6.0

-5.0

-4.0

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

0.0024 0.0028 0.0032 0.0036 0.004 0.0044

1/(T/K)

P(gol
S

)a
P/

Slade 1945
Balson 1947
Spencer & Cliath 1970
Rordorf 1989
Wania et al. 1994
Boehncke et al. 1996
Giustini et al. 1998
Kim 1985

m.p. = 112.5 °C
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TABLE 18.1.1.54.3 (Continued)

Kucklick et al. 1991 McConnell et al. 1993 Jantunen et al. 2000 Sahsuvar et al. 2003

gas stripping-GC concentration ratio air stripping-GC air stripping/dynamic HS

t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol) t/°C H/(Pa m3/mol)

25 0.353 Lake Erie
35 0.624 22.3 0.310 eq. 4a H/(Pa m3/mol) gas stripping-GC
45 1.170 A 9.51 ± 0.49 5 0.044

22.3 0.301 B 3005 ± 145 10 0.054
eq.4a H/(Pa m3/mol) 20 0.15
A 7.54 ± 0.54 30 0.34
B 2392 ± 160 35 0.55

seawater combined - both methods
0.5 0.0627 5 0.040

10 0.137 10 0.061
23 0.363 20 0.14
35 0.996 30 0.33
45 2.57 35 0.59

eq. 4a H/(Pa m3/mol) eq. 4a H/(Pa m3/mol)
A 8.68 ± 0.96 A 10.14 ± 0.55
B 2703 ± 276 B 3208 ± 161

for temp range 0.5–23°C
enthalpy of transfer, air-water

∆HWA/(kJ mol–1) = 61.4

FIGURE 18.1.1.54.3 Logarithm of Henry’s law constant versus reciprocal temperature for lindane (γ-HCH).

Lindane (γ-HCH): Henry's law constant vs. 1/T

-4.0

-3.0

-2.0

-1.0

0.0

1.0

2.0

0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038

1/(T/K)

m.a
P(/

H nl
3

)lo
m/

Kucklick et al. 1991
McConnell et al. 1993
Jantunen et al. 2000
Sahsuvar et al. 2003
experimental data
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TABLE 18.1.1.54.4
Reported octanol-water and octanol-air partition coefficients
of lindane (γ-HCH) at various temperatures

log KOW log KOA

Paschke & Schüürmann 1998 Shoeib & Harner 2002

shake flask-GC generator column-GC/MS

t/°C log KOW t/°C log KOA

5 3.85 5 8.6845
25 3.72 10 8.4493
45 3.73 15 8.2181

20 8.0643
enthalpy of phase transfer: 25 7.8473
∆HOW/(kJ mol–1) = – 10.40 25 7.849
entropy of phase transfer:
∆SOW/(J K–1 mol–1) = 52.2 log KOA = A + B/(T/K)

A –3.611
B 3415

enthalpy of phase change
∆HOA/(kJ mol–1) = 65.4

FIGURE 18.1.1.54.4 Logarithm of KOW versus reciprocal temperature for lindane (γ-HCH).

Lindane ( γ-HCH): KOW vs. 1/T

2.5 

3.0 

3.5 

4.0 

4.5 

0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038 

1/(T/K) 

K
 

  g o l 
W

 
O

 

Paschke & Schüürmann 1998 
experimental data 
Sangster 1993 
Hansch et al. 1995 
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FIGURE 18.1.1.54.5 Logarithm of KOA versus reciprocal temperature for lindane (γ-HCH).

Lindane (γ-HCH): KOA vs. 1/T

6.5

7.0

7.5

8.0

8.5

9.0

9.5

0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038

1/(T/K)

K gol
A

O

Shoeib & Harner 2000
Shoeib & Harner 2002 (interpolated)
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18.1.1.55 Malathion

Common Name: Malathion
Synonym: American Cyanamid 4049, Calmathion, Carbethoxy malathion, Carbetovur, Carbetox, Carbofos, Carbophos,

Celthion, Chemathion, Cimexan, Cythion, Detmol MA, EL 4049, Emmatos, Emmatos extra, ENT 17034, Ethiolacar,
Etio, Fog 3, Formal, Forthion, Fosfothion, Fyfanon, Hithion, Karbofos, Kop-thion, Kypfos, Malacide, Malafor,
Malakill, Malagran, Malamar, Malaphele, Malaphos, Malasol, Malaspray, Malatol, Malatox, Maldison, Malmed,
Malphos, Maltox, Mercaptothion, MLT, Moscardia, NA 2783, NCI-C00215, Oleophosphothion, Orthomalathion,
Phosphothion, Prioderm, Sadofos, Sadophos, SF 60, Siptox I, Sumitox, Tak, TM-4049, Vegfru malatox, Vetiol, Zithiol

Chemical Name: S-[1,2-bis(ethoxycarbonyl)ethyl] O,O-dimethyl phosphorodithioate
Uses: as insecticide to control sucking and chewing insects and spider mites on vegetables, fruits, ornamentals, field

crops in greenhouses, gardens and forestry; also used as acaricide.
CAS Registry No: 121-75-5 
Molecular Formula: C10H19O6PS2

Molecular Weight: 330.358
Melting Point (°C):

1.4 (Lide 2003) 
Boiling Point (°C):

120 (at 0.2 mmHg, Melnikov 1971; Freed et al. 1977)
156–157 (at 0.7 mmHg, Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993; Tomlin 1994)

Density (g/cm3 at 20°C): 
1.23 (25°C, Spencer 1982; Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993)

Molar Volume (cm3/mol):
319.1 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

145 (20°C, Macy 1948; Melnikov 1971; Spencer 1973)
145 (Spiller 1961; Willis & McDowell 1982)
145 (room temp., Spencer 1973; Martin & Worthing 1977; Worthing & Walker 1987, Worthing & Hance

1991; Hartley & Kidd 1987; Tomlin 1994)
150 (Hartley & Graham-Bryce 1980; Beste & Humburg 1983)
145 (22°C, Khan 1980) 
143 (20°C, shake flask-GC, Bowman & Sans 1983a, b)
130 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
145, 164 (20°C, 30°C, Montgomery 1993)

Vapor Pressure (Pa at 2 5°C or as indicated):

1.67 × 10–4 (20°C, Wolfdietrich 1965; Melnikov 1971; Montgomery 1993)
7.33 × 10–4 (20°C, evaporation rate-gravimetric method, Gückel et al. 1973)
2.90 × 10–3 (Woolford 1975)
1.30 × 10–3 (20°C, Hartley & Graham-Bryce 1980)
5.30 × 10–3 (30°C, Khan 1980)
9.20 × 10–4 (20°C, GC, Seiber et al. 1981)
1.05 × 10–3 (gas saturation-GC, Kim et al. 1984; Kim 1985)
0.60 × 10–3 (20°C, extrapolated-Clausius-Clapeyron eq., Kim et al. 1984, Kim 1985)

P
S

O

O
O

O

S

O
O
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0.67 × 10–3 (20°C, GC-RT correlation, Kim et al. 1984; Kim 1985)
5.30 × 10–3 (30°C, Hartley & Kidd 1987; Tomlin 1994)
4.70 × 10–3 (GC-RT correlation, supercooled liquid value, Hinckley et al. 1990)
1.07 × 10–3 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.0063 (liquid PL, GC-RT correlation; Donovan 1996)
1.07 × 10–3 (selected, Halfon et al. 1996)
0.00174 (gradient GC method; Tsuzuki 2000)
1.78 × 10–3; 1.35 × 10–3, 2.51 × 10–3 (gradient GC method; estimation using modified Watson method: Sugden’s

parachor, McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.038 (calculated-P/C, Mackay & Shiu 1981)
2.30 × 10–3 (20°C, calculated-P/C, Suntio et al. 1988)
3.22 × 10–3 (calculated-P/C, Taylor & Glotfelty 1988)
2.03 × 10–3 (calculated-P/C, Howard 1991)
4.96 × 10–4 (calculated-bond contribution method, Meylan & Howard 1991)
4.9 × 10–4 (23°C, quoted, Schomburg et al. 1991)
4.9 × 10–4 (Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW:

2.89 (20°C, shake flask-GC, Chiou et al. 1977)
2.89 (shake flask-GC, Freed et al. 1979; Yoshioka et al. 1986)
2.36 (Hansch & Leo 1979, 1985)
2.36 (Rao & Davidson 1980)
2.82 (shake flask-GC/FID, Hermens & Leeuwangh 1982)
2.94 (shake flask/slow-stirring method-GC, De Bruijn et al. 1991)
2.75 (Worthing & Hance 1991; Tomlin 1994)
2.36–2.89 (Montgomery 1993)
2.68 (RP-HPLC-RT correlation, Saito et al. 1993)
2.18 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
2.36 (recommended, Sangster 1993)
2.36 (selected, Hansch et al. 1995)
2.18 (RP-HPLC-RT correlation, Finizio et al. 1997)
3.57 (RP-HPLC-RT correlation, Nakamura et al. 2001)
3.38 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)

Bioconcentration Factor, log BCF:

1.11 (carp, calculated. from k1 of Bender 1969, McLeese et al. 1976)
–4.74 (beef biotransfer factor logBb, correlated-KOW, Pasarela et al. 1962)
0.867, 1.47 (lake trout, coho salmon, Howard 1991)
2.94, 2.98 (white shrimp, brown shrimp, Conte & Parker 1975)
1.57 (calculated-S, Kenaga 1980a; quoted, Howard 1991)
0.40 (Triaenodes tardus, Belluck & Felsot 1981)
1.54 (willow shiner, Tsuda et al. 1989)
0.85 (carp, wet wt. basis, De Bruijn & Hermens 1991)
2.00 (topmouth gudgeon, wet wt. basis, De Bruijn & Hermens 1991)
1.57 (Pait et al. 1992)

Sorption Partition Coefficient, log KOC: 

2.45 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980a)
3.26 (av. soils/sediments, Rao & Davidson 1980)
3.25 (Rao & Davidson 1980)
3.25 (Karickhoff 1981)
2.83, 3.29, 2.50 (estimated-S, calculated-S and mp, estimated-KOW, Karickhoff 1981)
2.36 (Bomberger et al. 1983)
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3.25 (screening model calculations, Jury et al. 1987b)
0.903 (selected, USDA 1989; Neary et al. 1993)
3.26 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.61 (Montgomery 1993)
3.07 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
3.07; 2.76, 2.29 (soil, quoted exptl.; estimated-class-specific model, estimated-general model, Gramatica et al.

2000)
3.08, 3.05 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, average, Delle Site 2001)
2.68–2.72 (sediments from San Diego Creek and Bonita Creek, shake flask-GC, Bondarenko & Gan 2004)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ = 131 d, based on volatilization rate from water with a wind speed of 0–2.5 m/s (Sanders &
Seiber 1984; quoted, Howard 1991).

Photolysis: t½ = 15 h for direct sunlight photolysis in aqueous media (Wolfe et al. 1976)
t½ = 900 h in distilled water at pH 6 with wavelength λ > 290 nm; t½ = 16 h by sunlight in a natural water

from Suwannee River (Wolfe et al. 1977)
t½ = 990–20000 h for both atmospheric and aqueous photolysis, based on experimental photolysis rate

constant in aqueous solution at pH 6 exposure to >290 nm under summer sunlight at 40°N (Howard
et al. 1991)

Oxidation: rate constant k, for gas-phase second order rate constants, kOH for reaction with OH radical, kNO3

with NO3 radical and kO3 with O3 or as indicated, *data at other temperatures see reference:
photooxidation t½ = 1.0–9.8 h, based on an estimated rate constant for the vapor-phase reaction with hydroxyl
radical in air (Howard et al. 1991) 
kOH(calc) = 64 × 10–12 cm3 molecule–1 s–1 at room temp. (Winer & Atkinson 1990)
calculated lifetime τ = 3 h for reaction with OH radical in the troposphere (Atkinson et al. 1992)

Hydrolysis: t½ = 10.5 d at pH 7.4 and 20°C (Freed et al. 1977, 1979; Montgomery 1993) 
t½ = 120 d at pH 6.1 and t½ = 11 d at pH 7.4 in water and soil at 20°C as per Ruzicka et al. 1967 using

GC-RT correlation method for hydrolysis rates determination (Freed et al. 1979) 
k(acid) = (4.8 ± 0.2) × 10–5 M–1 s–1 with t½ > 4 yr for acid degradation at pH 4 at 27°C; k(alkaline) =

(5.5 ± 0.3) M–1 s–1 with a t½ = 36 h for alkaline degradation at pH 8 at 27°C, t½ = 1 h at 40°C and t½ = 40 h
at 0°C and pH 8; all for 10–4 M in 1% acetonitrile and water at 27°C; t½ = 20 h for distilled water and
t½ = 22 h for natural river water from Withlacoochee River, pH 8.2 (Wolfe et al.1977)

k(acid) = 4.8 × 10–5 M–1 s–1; k(neutral) = 7.7 × 10–9 s–1 and k(alkaline) = 5.5 M–1 s–1 all for 10–4 M in 1%
acetonitrile and water at 27°C (Wolfe et al. 1977; quoted, Harris 1982)

t½ = 8.8 yr, based on reported k = 2.5 × 10–2 M–1 s–1 at pH 7 and 0°C; t½(base) = 14 h at pH 9 and 27°C
(Howard et al. 1991)

t½ = 9 d at pH 6 (Montgomery 1993)
t½ = 3200 d at pH 7, t½ = 0.0006 d at pH 12 in natural waters (Capel & Larson 1995)

Biodegradation: k = 6.2 × 10–8 mL cell –1 d–1 (Paris et al. 1975; quoted, Scow 1982) 
k = 5.0 × 10–8 mL cell –1 d–1 (Baughman & Lassiter 1978; quoted, Scow 1982) 
k = 2.6 – 16.1 × 10–7 mL cell–1 d–1 (Paris et al. 1978; quoted, Scow 1982); 
k = 1.4 d–1 in soil (Rao & Davidson 1980; quoted, Scow 1982) 
k = (4.5 ± 0.74) × 10–11 L cell–1 h–1 in North American waters (Paris et al. 1981)
t½(aq. aerobic) = 100–1236 h, based on estimated aqueous aerobic biodegradation half-life; t½(aq. anaerobic) =

400–4944 h based on unacclaimed aerobic biodegradation (Howard et al. 1991).
t½(aerobic) = 4.2 d, t½(anaerobic) = 17 d in natural waters (Capel & Larson 1995)

Biotransformation: transformation rate k = 7.8 × 10–3 mg (mg fungi)–1 h–1 by a fungi Aspergillus orgzae at 28°C
in aqueous solution (Lewis et al. 1975)
k = 1.9 × 10–1 mg (mg fungi)–1 d–1 in aquatic systems (Lewis et al. 1975; quoted, Scow 1982) 

Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:
k1 = 1.07 d–1 (carp, Bender 1969; quoted, McLeese et al. 1976)
k2 = 0.08 d–1 (carp, calculated. from k1 of Bender 1969, McLeese et al. 1976)
k2 = 0.49 h–1 (willow shiner, Tsuda et al. 1989)
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Half-Lives in the Environment:

Air: t½ = 1.0–9.8 h, based on an estimated rate constant for the vapor-phase reaction with hydroxyl radical in
air (Howard et al. 1991); 
calculated lifetime of 3 h for the vapor-phase reaction with OH radical in the troposphere (Atkinson et al.

1992).
Surface water: persistence of up to 4 wk in river water (Eichelberger & Lichtenberg 1971); 

t½ = 100–1236 h, based on unacclimated aerobic river die-away test data and estuarine water grab sample
data (Howard et al. 1991); 

t½ = 1.65 d in Indian River water, at 24 ppt salinity and pH 8.16 (Wang & Hoffman 1991); 
t½ = 212 d at 6°C, t½ = 42 d at 22°C in darkness for Milli-Q water, pH 6.1; t½ = 55 d at 6°C, t½ = 19 d at

22°C in darkness, 8 d under sunlight conditions for river water at pH 7.3; t½ = 53 d at 6°C, t½ = 7 d
at 22°C in darkness for filtered river water at pH 7.3; t½ = 41 d at 6°C, t½ = 6 d at 22°C in darkness,
t½ = 14 d under sunlight conditions for seawater at pH 8.1 (Lartiges & Garrigues 1995)

Biodegradation t½(aerobic) = 4.2 d, t½(anaerobic) = 17 d, hydrolysis t½ = 3200 d at pH 7 and t½ = 0.0006
d at pH 12 in natural waters (Capel & Larson 1995)

Ground water: t½ = 200–2472 h, based on estimated aqueous aerobic biodegradation half-life (Howard et al. 1991).
Sediment: t½ = 2 d in sediment suspension (Cotham & Bidleman 1989)

first-order degradation k = 0.902 d–1 with t½ = 0.8 d under aerobic conditions, k = 0.302 d–1 with t½ = 2.3
d under anaerobic conditions in sediment from San Diego Creek, Orange County, CA; first-order deg-
radation k = 0.506 d–1 with t½ = 1.4 d under aerobic conditions, k = 0.431 d–1 with t½ = 1.6 d under
anaerobic conditions in sediment from Bonita Creek, Orange County, CA (Bondarendo & Gan 2004)

Soil: estimated persistence of one week (Kearney et al. 1969; Edwards 1973; quoted, Morrill et al. 1982; Jury
et al. 1987); 
t½ = 72–168 h, based on unacclimated aerobic soil grab sample data (Walker & Stojanovic 1973; quoted,

Howard et al. 1991); 
biodegradation rate constant of 1.4 d–1 in soil (Rao & Davidson 1980; quoted, Scow 1982); 
non-persistent in soil with t½ < 20 d (Willis & McDowell 1982); 
t½ = 1 d in screening model simulations (Jury et al. 1987b); 
Degradation t½ = 8 d in a coarse sandy soil, t½ = 19 d in sandy loam (Kjeldsen et al. 1990) 
selected field t½ = 1.0 d (Wauchope et al. 1992; Dowd et al. 1993; Halfon et al. 1996; Hornsby et al. 1996); 
soil t½ = 11 d (Pait et al. 1992); 
t½ = 1 d for soil depth < 5 cm, t½ = 7 d for soil depth 5–20 cm and t½ = 14 d for soil depth >20 cm (Dowd

et al. 1993).
Biota: biochemical t½ = 1 d from screening model calculations (Jury et al. 1987b); 

excretion t½ = 1.4 h (willow shiner, Tsuda et al. 1989); 
average t½ = 20 d in the forest (USDA 1989; quoted, Neary et al. 1993).
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18.1.1.56 Methiocarb

Common Name: Methiocarb
Synonym: Bayer 37344, Draza, Ensurol, Mercaptodimethur, Mesurol, Mesurol Phenol, metmercapturon
Chemical Name: 4-methylthio-3,5-xylyl methylcarbamate; 3,5-dimethyl-4-(methylthio)phenol methylcarbamate
Uses: Insecticide/Acaricide/Molluscicide/Repellent; to control slugs and snails in a wide range of agricultural situations;

broad range control of lepidoptera, coleoptera, diptera, and homoptera and spider mites in pome fruit, stone fruit,
citrus fruit, strawberries, hops, potatoes, beet, maize, oilseed rape, vegetables and ornamentals; also used as a bird
repellent. 

CAS Registry No: 2032-65-7
Molecular Formula: C11H15NO2S
Molecular Weight: 225.308
Melting Point (°C):

120 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.236 (Tomlin 1994)
Molar Volume (cm3/mol):

261.4 (calculated-Le Bas method at normal boiling point)
182.3 (calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.117 (mp at 120°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

30 (20°C, Hartley & Kidd 1987; Worthing & Walker 1987; Milne 1995)
27 (20°C, Tomlin 1994)
24 (20–25°C, selected, Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated):

0.015 (60°C, Hartley & Kidd 1987)
1.5 × 10–5 (20°C, Tomlin 1994)
3.6 × 10–5 (Tomlin 1994)
0.016 (20–25°C, selected, Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol):

0.120 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

2.92 (shake flask as per Fujita et al. 1964; Briggs 1981)
2.92 (selected, Magee 1991)
3.34 (Tomlin 1994)
2.92 (recommended, Hansch et al. 1995)
2.82 (Pomona-database, Müller & Kördel 1996)
2.95 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)
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Bioconcentration Factor, log BCF:

Sorption Partition Coefficient, log KOC: 

2.32 (20°C, sorption isotherm, converted from log KOM of 2.08, Briggs 1981)
2.08, 2.33 (reported as log KOM, converted from KOM multiplied by 1.724, Magee 1991)
2.82 (soil, HPLC-screening method, mean value of different stationary and mobile phases, Kördel et al.

1993, 1995)
2.32 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.82; 2.26 (HPLC-screening method; calculated-PCKOC fragment method, Müller & Kördel 1996)
2.48 (20–25°C, estimated, Hornsby et al. 1996)
3.12, 2.45, 2.38, 2.88, 2.80 (first generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch equilib-

rium-HPLC/UV, Gawlik et al. 1998)
2.25 (sandy loam soil, column equilibrium method-HPLC/UV, 20°C, Xu et al. 1999)
2.741, 2.641, 2.377, 2.493, 2.824 (second generation Eurosoils ES-1, ES-2, ES-3, ES-4, ES-5, shake flask/batch

equilibrium-HPLC/UV and HPLC-k′ correlation, Gawlik et al. 2000)
2.32; 2.23, 2.22 (soil, quoted exptl.; estimated-class specific model, estimated-general model, Gramatica et al.

2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Photolysis: photodegradation half-life of 6–16 d (Tomlin 1994).

Half-Lives in the Environment:

Soil: field t½ = 30 d (20–25°C, estimated, Hornsby et al. 1996).
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18.1.1.57 Methomyl

Common Name: Methomyl
Synonym: Du Pont 1179, ENT 27341, Lannate, Mesomile, Nu-bait II, Nudrin, SD 14999, WL 18236
Chemical Name: S-methyl-N-(methylcarbamoyloxy) thioacetimidate; methyl-N-(((methylamino)-carbonyl)oxy)

ethan-imidothioate
Uses: insecticide/acaricide; control a wide range of insects and spider mites in fruit, vines, olives, hops, vegetables,

ornamentals, field crops, cucurbits, flax, cotton, soya beans, etc.; also used for control of flies in animal and poultry
houses and dairies.

CAS Registry No: 16752-77-5
Molecular Formula: C5H10N2O2S
Molecular Weight: 162.210
Melting Point (°C):

78–79 (Worthing & Hance 1991; Montgomery 1993; Tomlin 1994; Milne 1995)
78 (Lide 2003)

Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.2946 (25°C, Spencer 1982; Worthing & Hance 1991; Tomlin 1994)
1.2946 (24°C, Milne 1995; Montgomery 1993)

Molar Volume (cm3/mol):
179.9 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

22.267 (DSC method, Plato 1972)
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.302 (mp at 78°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

58000 (Worthing 1979; Khan 1980; Worthing 1983, 1987, Worthing & Hance 1991)
10000 (Kenaga 1980a; Kenaga & Goring 1980)
> 1000 (20°C, shake flask-GC, Bowman & Sans 1983a)
57900 (Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994; Milne 1995)
58000 (20–25°C, selected, Hornsby et al. 1996) 

Vapor Pressure (Pa at 25°C or as indicated):

3.47 × 10–3 (20°C, Hartley & Graham-Bryce 1980)
6.66 × 10–3 (Khan 1980; Spencer 1982)
0.162 (30°C, GC, Seiber et al. 1981)
6.67 × 10–3 (Worthing 1983)
3.47 × 10–3 (20°C, selected exptl. value, Kim 1985)
7.53 × 10–2, 1.99 × 10–2 (20°C, GC-RT correlation, GC-RT correlation with mp correction, Kim 1985)
6.65 × 10–3 (Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993; Tomlin 1994)
6.67 × 10–3 (20–25°C, selected, Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated:

1.82 × 10–5 (calculated, Lyman et al. 1982)
6.50 × 10–5 (20°C, calculated-P/C, Suntio et al. 1988)
6.48 × 10–5 (calculated-P/C, Montgomery 1993)
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Octanol/Water Partition Coefficient, log KOW: 

0.30 (Dow Chemical data, Kenaga & Goring 1980)
1.08 (Rao & Davidson 1980)
0.131 (22°C, shake flask-GC, Bowman & Sans 1983b)
0.60 (shake flask-HPLC, Drabel & Bachmann 1983)
0.60 (Hansch & Leo 1985)
0.13, 1.08 (Montgomery 1993)
0.60 (recommended, Sangster 1993)
0.09 (Tomlin 1994)
0.60 (selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

0.477, 0.903 (calculated-S, calculated-KOC, Kenaga 1980)
0.230, 0.110 (calculated-KOW, calculated-S, Howard 1991)

Sorption Partition Coefficient, log KOC: 

2.20 (soil, Fung & Uren 1977)
1.45 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
1.71; 1.00 (calculated-KOW; calculated-S, Lyman et al. 1982)
2.20 (Worthing 1983)
1.08 (soil, calculated-MCI χ and fragments contribution, Meylan et al. 1992)
1.86, 2.20 (Montgomery 1993)
1.86 (estimated-chemical structure, Lohninger 1994)
1.86 (Tomlin 1994)
1.30 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
1.86 (soil, 20–25°C, selected, Hornsby et al. 1996)
1.16, 1.62 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, Half-Lives, t½

Volatilization:
Photolysis:
Oxidation: photooxidation t½ ~ .14 months, based on vapor-phase reaction with hydroxyl radical in air (GEMS

1986; quoted, Howard 1991).
Hydrolysis: experimental t½ = 262 d from rate constant k = 8.9 × 10–5 h–1 has been determined in pure water at

pH 7 and 25°C (Ellington et al. 1987, 1988; quoted, Howard 1991; Montgomery 1993).
Biodegradation: rate constants k = –0.000215 h–1 in nonsterile sediment, k = –0.000747 h–1 in sterile sediment

by shake-tests at Range Point and k = –0.000175 h–1 in nonsterile water and k = –0.000383 h–1 in sterile
water by shake-tests at Range Point (Walker et al. 1988).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ ~ 1.14 months, based on rate constant k = 2.919 × 10–13 cm3/molecules for the vapor-phase reaction with
8 × 105/cm3 hydroxyl radical in air (GEMS 1986; quoted, Howard 1991). 

Surface water: experimental t½ = 262 d has been determined in pure water at 25°C (Ellington et al. 1988; quoted,
Howard 1991).

Ground water: t½ < 0.2 d in ground water samples (Smelt et al. 1983; quoted, Tomlin 1994).
Sediment:
Soil: field t½ = 30 d (20–25°C, selected, Hornsby et al. 1996).
Biota: t½ ~ 3–5 d in plants following leaf application (Harvey & Reiser 1973; quoted, Tomlin 1994); 

t½ = 0.4–8.5 d on cotton plants, t½ = 0.8–1.2 d on mint plants and t½ ~ 2.5 d on Bermuda grass (Willis &
McDowell 1987; quoted, Howard 1991).
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18.1.1.58 Methoxychlor

Common Name: Methoxychlor
Synonym: Chemform, Dimethoxy-DDT, DMDT, DMTD, ENT 1716, Maralate, Marlate, Methorcide, Methoxo, Metox,

Moxie NCI-C00497 
Chemical Name: 1,1,1-trichloro-2,2-bis(4-methoxyphenyl)ethane; 1,1′-(2,2,2-trichloroethylidene)bis[4-methoxy-

benzene]
Uses: insecticide to control mosquito larvae, house flies, and other insect pests in field crops, fruits, and vegetables;

also to control ectoparasites on cattle, sheep, and goats.
CAS Registry No: 72-43-5
Molecular Formula: C16H15Cl3O2

Molecular Weight: 345.648
Melting Point (°C): 

87 (Lide 2003)
Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.41 (25°C, Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994; Milne 1995)
Molar Volume (cm3/mol):

354.3 (calculated-Le Bas method at normal boiling point)
245.1 (calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

27.614 (DSC method, Plato & Glasgow 1969)
23.88 (Ruelle & Kesselring 1997)

Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.246 (mp at 87°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated and reported temperature dependence equations. Additional 
data at other temperatures designated *, are compiled at the end of this section):

0.10* (shake flask-UV, measured range 25–45°C, Richardson & Miller 1960)
0.62 (Karpoor et al. 1970)
0.003, 0.01, 0.045* (particle size of 0.01, 0.05 and 5.0µ; shake flask-GC, measured range 15–45°C, Biggar &

Riggs 1974)
0.10 (generator column-GC/ECD, Weil et al. 1974)
0.12 (shake flask-GC/ECD, Zepp et al. 1976, Karickhoff et al. 1979; Karickhoff 1981)
0.1–0.25 (Wauchope 1978)
0.10 (Weber et al. 1980)
0.10 (Worthing 1983, 1987, Worthing & Hance 1991; Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
0.10 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.04 (24°C, Montgomery 1993)

Vapor Pressure (Pa at 25°C or as indicated):

< 1.33 × 10–4 (20–25° C, Weber et al. 1980)
1.910 × 10–4 (estimated, Howard 1991)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

1.60 (estimated, Hine & Mookerjee 1975; quoted, Howard 1991)
0.999 (calculated-P/C, this work)
0.0206 (wetted wall column-GC, Altschuh et al. 1999)
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Octanol/Water Partition Coefficient, log KOW: 

4.68 (HPLC-RT correlation, Veith & Morris 1978)
5.08 (shake flask-UV, Karickhoff et al. 1979; Karickhoff 1981)
4.30 (HPLC-RT correlation, Veith et al. 1979, 1980)
4.20 (Mackay et al. 1980)
4.83 (Belluck & Felsot 1981)
4.51 (HPLC-k′ correlation, McDuffie 1981)
4.83 (shake flask-UV, Nishimura & Fujita 1983)
4.68–5.08 (Hansch & Leo 1985)
4.91, 4.26 (shake flask, RP-TLC-RT correlation, Renberg et al. 1985)
3.31, 5.08 (Montgomery 1993)
4.95 (recommended, Sangster 1993)
5.08 (recommended, Hansch et al. 1995)
4.58 (RP-HPLC-RT correlation, Finizio et al. 1997)

Octanol/Air Partition Coefficient, log KOA: 

Bioconcentration Factor, log BCF:

–1.70 (bioaccumulation factor logBF, adipose tissue in female Albino rats, Harris et al. 1974)
4.68, 3.08, 3.72, 3.92 (Bacillus subtilis, Flavobacterium harrisonii, Aspergillus sp., Chlorella pyrenoidosa, Paris

et al. 1975; Paris & Lewis 1976)
4.40 (bacterial sorption, Paris & Lewis 1976)
2.14 (sheepshead minnow, Parrish et al. 1977)
3.92, 3.72 (algae, fungi, Wolfe et al. 1977)
3.92 (fathead minnows, 32 d exposure, Veith et al. 1979, 1980)
3.70–3.93, 2.54–3.05 (snail, Stonefly, Anderson & Defoe 1980)
2.27, 3.19 (fish: flowing water, static water; Kenaga 1980b; Kenaga & Goring 1980)
4.21, 3.91 (calculated-S, KOC, Kenaga 1980)
1.15 (Triaendoes tardus, Belluck & Felsot 1981)
4.20, 3.04, 3.91 (estimated-S, KOW, KOC, Bysshe 1982)
3.92 (fathead minnows, Veith & Kosian 1983)
4.08 (mussel, Renberg et al. 1985)
3.18 (soft clams, Hawker & Connell 1986)
3.92 (calculated, Isnard & Lambert 1988)
5.40 (calculated field bioaccumulation, Thomann 1989) 
5.29 (rainbow trout lipid base, estimated, Noegrohati & Hammers 1992)
3.98; 4.05 (Oncorhynchus mykiss, wet wt. basis: quoted exptl.; calculated-QSAR model based on quantum

chemical parameters, Wei et al. 2001)

Sorption Partition Coefficient, log KOC: 

2.79 (water-sediment, Wolfe et al. 1977)
4.90 (av. for isotherms on sediments, Karickhoff et al. 1979)
3.99–4.61, 4.90–5.00, 4.86–4.96 (sand, fine silt, clay Karickhoff et al. 1979)
4.90 (soil, quoted, Kenaga 1980a, b; Kenaga & Goring 1980; Bysshe 1982)
5.03 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
6.04 (calculated-S, Mill et al. 1980)
4.90 (av. soils/sediments, Rao & Davidson 1980)
4.67, 4.69, 5.54 (estimated-S, KOW, S and mp, Karickhoff 1981)
4.26 (soil, screening model calculations, Jury et al. 1987b)
4.99 (RP-HPLC-k′ correlation, cyanopropyl column, Hodson & Williams 1988)
4.63 (soil, calculated-MCI χ and fragment contribution, Meylan et al. 1992)
4.90 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
4.90 (estimated-QSAR and SPARC, Kollig 1993)
4.90, 4.95 (Montgomery 1993)
4.90 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
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Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: t½ = 4.5 d from water was estimated based on Henry’s law constant for a model river 1 m deep
with a current of 1 m/s and a wind speed of 3 m/s (Howard 1991).

Photolysis: midsummer direct photolysis t½ = 690 h in water, t½ = 4100 h in hydrocarbon media; midday t½ =
1100 h average over all seasons in water at latitude 40°N, daily average direct photolysis t½ = 4.5 months
(12-h days) in water in the Central U.S. (Zepp et al. 1976)
photodecomposition t½ > 300 h in distilled water, t½ = 2.2 h in Suwannee River water, t½ = 5.4 h in Tombigbee

River water, t½ = 2.9 h in Alabama River water with methoxychlor at 40 ppb under sunlight (Zepp et al. 1976) 
t½ = 300–2070 h in both air and natural water, based on measured photolysis rates in distilled water under

midday sunlight and adjusted for approximate winter sunlight intensity (Howard et al. 1991).
Oxidation:

photooxidation t½ = 2.2–5.4 h in natural water, based on measured photooxidation in river water exposed
to midday May sunlight (Zepp et al. 1976; quoted, Howard et al. 1991); 

photooxidation t½ ~ 1.12–11.2 h in air, based on rate constant for the vapor-phase reaction with hydroxyl
radical in air (Atkinson 1987; quoted, Howard et al. 1991) 

k(aq.) = (270 ± 80) M–1 s–1 for direct reaction with ozone in water at pH 2 and 24 ± 1°C, with t½ = 21 min
at pH 7 (Yao & Haag 1991).

kOH(aq.) = 2 × 1010 M–1 s–1 for the reaction with hydroxyl radicals in aqueous solutions at 24 ± 1°C (Haag
& Yao 1992).

Hydrolysis: k(alkaline) = 3.8 × 10–4 M–1 s–1 with t½ = 2100 d at 27°C, k(neutral) = 2.2 × 10–8 s–1 at pH 3–7
corresponds to a t½ = 367 d at pH 9 and 27°C (Wolf et al. 1977) 
Overall rate constant k = 5.5 × 10–8 s–1 with t½ = 147 d; k = 3.0 × 10–8 s–1 with t½ = 270 d at 25°C and pH 7

(Mabey & Mill 1978)
k(alkaline) = 3.8 × 10–4 M–1 s–1, k(neutral) = 2.2 × 10–8 s–1, 1 × 10–8 M in water at 27°C (Harris 1982)
t½ = 1.05 yr, based on neutral and base catalyzed hydrolysis rate constants Howard et al. 1991)
k = 0.60 yr–1 at pH 7 and 25°C (Kollig 1993)
t½ = 370 d at pH 2, t½ = 370 d at pH 7 and t½ = 270 d at pH 12 in natural waters (Capel & Larson 1995)

Biodegradation: t½(aq. aerobic) = 4320–8760 h (6 months to 1 yr), based on very slow biodegradation observed
in an aerobic soil die-away test study data (Fogel et al. 1982; quoted, Howard et al. 1991)
t½(aq. anaerobic) = 1200–4320 h (50 d to 6 months), based on anaerobic soil die-away test study data (Fogel

et al. 1982; quoted, Howard et al. 1991)
k = –0.00236 h–1 in nonsterile sediment and k = –0.000639 h–1 in sterile sediment by shake-tests at Range

Point and k = –0.000139 h–1 in nonsterile water and k = –0.00000327 h–1 in sterile water by shake-tests
at Range Point (Walker et al. 1988)

t½(aerobic) = 180 d, t½(anaerobic) = 50 d in natural waters (Capel & Larson 1995).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k1 = 14.4–37.5 h–1 (Chironomus tentans larvae in pond sediment-water system, 96-h exposure, calculated
by using first-order kinetic and concn factors, Muir et al. 1983)

k1 = 11.4–82.0 h–1 (Chironomus tentans larvae in river sediment-water system, 96-h exposure, calculated
by using first-order kinetic and concn factors, Muir et al. 1983)

k1 = 35.8–54.9 h–1 (Chironomus tentans larvae in sediment (sand)-water system, 96-h exposure, calculated
by using first-order kinetic and concn factors, Muir et al. 1983)

k1 = 35.8–54.9 h–1 (Chironomus tentans larvae in sediment (sand)-water system, 96-h exposure, calculated
by using initial uptake data of 0–12 h, Muir et al. 1983)

k2 = 45.4–38.6 h–1 (Chironomus tentans larvae in pond sediment-water system, calculated by concentration
decay curve, Muir et al. 1983)

k2 = 0.030 h–1 (Chironomus tentans larvae in sediment (sand)-water system, calculated by concentration
decay curve, Muir et al. 1983)

Half-Lives in the Environment:

Air: t½ ~ 1.12–11.2 h, based on rate constant for the vapor-phase reaction with hydroxyl radicals in air (Atkinson
1987; quoted, Howard et al. 1991); 
atmospheric transformation lifetime was estimated to be < 1 d (Kelly et al. 1994). 
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Surface water: midsummer direct photolysis t½ = 690 h in water; midday t½ = 1100 h average over all seasons
in water at latitude 40°N, daily average direct photolysis t½ = 4.5 months (12-h days) in water in the Central
U.S. (Zepp et al. 1976)
t½ = 2.2–5.4 h, based on measured photooxidation in river water exposed to midday May sunlight (Zepp et

al. 1976; quoted, Howard et al. 1991); 
measured k = (270 ± 80) M–1 s–1 for direct reaction with ozone in water at pH 2.7–6.4 and 24 ± 1°C, with

a t½ = 2.1 min at pH 7 (Yao & Haag 1991)
biodegradation t½(aerobic) = 180 d, t½(anaerobic) = 50 d, hydrolysis t½ = 370 d at pH 2, t½ = 370 d at pH

7 and t½ = 270 d at pH 12 in natural waters (Capel & Larson 1995).
Ground water: t½ = 1200–8760 h, based on aerobic and anaerobic soil die-away test study data (Fogel et al.

1982; quoted, Howard et al. 1991).
Sediment:
Soil: t½ = 1.5 wk at pH 4.7 and 6.5 and t½ = 1.0 wk at pH 7.8 (Carlo et al. 1952; quoted, Kaufman 1976); 

t½ = 4320–8760 h, based on very slow biodegradation observed in an aerobic soil die-away test study data
(Fogel et al. 1982; quoted, Howard et al. 1991); 

t½ = 42 d in screening model calculations (Jury et al. 1987b); 
selected field t½ = 120 d (Wauchope et al. 1992; Hornsby et al. 1996).

Biota: elimination t½ = 9.6 h in pond sediment-water, t½ = 23.2 h in sand-water system (Chironomus tentans
larvae, Muir et al. 1983); 
t½ = 0.4–8.5 d on cotton plants, t½ = 0.8–1.2 d on mint plants and t½ ~ 2.5 d on Bermuda grass (Willis &

McDowell 1987; quoted, Howard 1991).

TABLE 18.1.1.58.1
Reported aqueous solubilities of methoxychlor at various temperatures

Richardson & Miller 1960 Biggar & Riggs 1974

shake flask-UV spec. shake flask-GC

t/°C S/g·m–3 t/°C S/g·m–3 S/g·m–3 S/g·m–3

particle size 0.01µ 0.05µ 5.0µ
25 0.10 15 - - 0.020
35 0.20 25 0.003 0.010 0.045
45 0.40 35 - - 0.095

45 - - 0.185
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FIGURE 18.1.1.58.1 Logarithm of mole fraction solubility (ln x) versus reciprocal temperature for methoxychlor.

Methoxychlor: solubility vs. 1/T
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18.1.1.59 Mevinphos

Common Name: Mevinphos
Synonym: Apavinfos, CMDP, Compound 2046, Duraphos, ENT 22374, Fosdrin, Gesfid, Gestid, Meniphos, Menite,

NA 2783, OS 2046, PD 5, Phosdrin, Phosfene
Chemical Name: 2-carbomethoxy-1-methylvinyl dimethyl phosphate; 1-methoxycarbonyl-1-propen-2-yl dimethyl phos-

phate; methyl-3-(dimethoxyphosphinoyloxy)but-2-enoate 2-carbomethoxy-1-methylvinyl dimethyl phosphate
Uses: contact insecticide and acaricide to control chewing insects and spider mites in fruits, vegetables, and ornamentals.
CAS Registry No: 7786-34-7 [formerly 298-01-1 for (E) isomer & 338-45-4 for (Z) isomer] for cis-isomer and 338-45-4

for trans-isomer] 
Molecular Formula: C7H13O6P
Molecular Weight: 224.1 48
Melting Point (°C): 

–56.1 (Montgomery 1993; Lide 2003)
21 ((E) isomer, Lide 2003)
6.9 ((Z) isomer, Lide 2003)

Boiling Point (°C)
99–103 (at 0.03 mmHg, Martin 1971; Freed et al. 1977; Milne 1995)
76.0 (at 0.2 mmHg, Melnikov 1971; Freed et al. 1979)
110 (at 1.6 mmHg, Hartley & Kidd 1987)
106–107.5 (at 1 mmHg, Montgomery 1993)

Density (g/cm3 at 20°C): 
1.24 (Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
1.25 (Montgomery 1993)
1.235, 1.245 ((E) isomer, (Z) isomer, Tomlin 1995)

Molar Volume (cm3/mol):
180.7 (calculated from density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

miscible (Spencer 1973; Worthing 1979; Freed et al. 1979)
> 2000 (shake flask-GC, Bowman & Sans 1983a)
miscible (Hartley & Kidd 1987; Tomlin 1994)
miscible (Worthing & Walker 1987)
600000 (20–25°C, selected, Wauchope 1989; Wauchope et al. 1992; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated):

0.293 (20°C, Eichler 1965)
0.293 (20–25°C, Melnikov 1971)
0.757 (20°C, GC-RT correlation, Kim et al. 1984; Kim 1985)
0.017 (20°C, Hartley & Kidd 1987; Tomlin 1994)
0.0173 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.293 (20°C, Montgomery 1993)

Henry’s Law Constant (Pa·m3/mol):

6.35 × 10–6 (calculated-P/C, this work)

OO
P

O

OO
O
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Octanol/Water Partition Coefficient, log KOW:

0.845 (Melnikov 1971)
0.954 (Freed et al. 1977)
0.550 (selected, Dao et al. 1983)
1.20 (shake flask, Log P Database. Hansch & Leo 1987)
0.200 (selected, Boehncke et al. 1990)
0.130 (Tomlin 1994)
1.20 (recommended, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

Sorption Partition Coefficient, log KOC: 

1.64 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
1.64 (estimated-chemical structure, Lohninger 1994)
2.30 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.12, 1.56 (soil, cis-mevinphos, estimated-class-specific model, estimated-general model, Gramatica et al.

2000)
2.28, 1.67 (soil, trans-mevinphos, estimated-class-specific model, estimated-general model, Gramatica et al.

2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Hydrolysis: t½ = 1.8 h for cis- and t½ = 3.0 h for trans-isomer at pH 11.6 (Casida et al. 1956; quoted, Montgomery
1993); 
t½ = 30–35 d (Melnikov 1971; quoted, Freed et al. 1977); 
t½ = 120 d at pH 6, t½ = 35 d at pH 7, t½ = 3 d at pH 9, and t½ = 1.4 h at pH 11 (Montgomery 1993; Tomlin

1994).

Half-Lives in the Environment:

Air: 
Surface water: 
Ground water: 
Sediment:
Soil: selected field t½ = 3 d (Wauchope et al. 1992; Hornsby et al. 1996).
Biota: estimated t½ = 19 ± 2 and 24 ± 7 h in lettuce in the summer and t½ = 20 ± 11 h in the fall, t½ = 50 h in

cauliflower in the summer and t½ = 18 ± 1 h in the fall, t½ = 25 ± 2 h in celery in the summer and t½ = 16 h
in the fall (Spencer et al. 1992)
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18.1.1.60 Mirex

Common Name: Mirex
Synonym: Bichlorendo, Declorane, ENT 25719, Ferriamicide, Paramex, Perclordecone
Chemical Name: 1,1a,2,2,3,3a,4,5,5,5a,5b,6-dodecachloro-octahydro-1,3,4-methano-1H-cyclobuta(cd) pentalene;

dodecachloro-pentacyclodecane
Uses: Insecticide.
CAS Registry No: 2385-85-5
Molecular Formula: C10Cl12

Molecular Weight: 545.542
Melting Point (°C): 

485 (dec., Smith et al. 1978; Spencer 1982; Kühne et al. 1995; Milne 1995; Lide 2003)
Boiling Point (°C):
Molar Volume (cm3/mol):

403.2 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio, at 25°C (assuming ∆Sfus = 56 J/mol K), F: 3.1 × 10–5 (mp at 485°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.001 (from D. Dollar of Miss. State Chem. Lab. unpublished results, Alley 1973)
0.085 (shake flask-LSC, Metcalf et al. 1973)
0.60 (Neely 1978; quoted, Kenaga 1980; Kenaga & Goring 1980)
7.0 × 10–5 (22°C, shake flask-GC, Smith et al. 1978)
0.02 (24°C, Verschueren 1983)
7.0 × 10–5 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or indicated and reported temperature dependence equations):

8.0 × 10–4 (50°C, Smith, et al. 1978)
1.3 × 10–4 (20°C, Smith et al. 1978)
1.0 × 10–4 (20°C, selected, Suntio et al. 1988)
9.0 × 10–7 (10°C, estimated, McLachlan et al. 1990)
2.5 × 10–4, 2.9 × 10–4, 2.8 × 10–4 (GC-RT correlation, supercooled liquid, Hinckley et al. 1990)
5.2 × 10–5 (12°C, extrapolated supercooled liquid value, Hinckley et al. 1990)
1.1 × 10–4 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol and reported temperature dependence equations):

1013 (20°C, calculated, Smith et al. 1978)
53.2 (22°C, gas stripping-GC/ECD, Yin & Hassett 1986)
log [H/(atm m3/mol)] = 12.709 – 4711/(T/K), temp range: 8–24°C (gas stripping-GC, Yin & Hassett 1986)
840 (20°C, calculated-P/C, Suntio et al. 1988)
44.1 (20°C, selected from literature experimentally measured data, Staudinger & Roberts 1996, 2001)
log KAW = 13.899 – 4585/(T/K), (van’t Hoff eq. derived from literature data, Staudinger & Roberts 2001)

Octanol/Water Partition Coefficient, log KOW:

7.50 (Hansch & Leo 1979)
6.89 (HPLC-RT correlation, Veith et al. 1979; Veith & Kosian 1983)

Cl
Cl

Cl Cl

Cl
Cl

Cl

Cl

Cl

Cl

Cl
Cl
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5.28 (shake flask, Log P Database, Hansch & Leo 1987)
5.28 (recommended, Sangster 1993)
5.28 (recommended, Hansch et al. 1995)
7.13–7.24 (shake flask/slow stirring-GC/ECD, both phases, Fisk et al. 1999)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF: 

2.34, 3.07 (Gambusia, Physa, Metcalf et al. 1973)
2.78 (Oedogonium sp., Metcalf et al. 1973)
2.18 (bioaccumulation factor log BF, adipose tissue in female Albino rats, Ivie et al. 1974)
–2.02 (milk biotransfer factor log Bm, correlated-KOW, Dorough & Ivie 1974)
2.34 (fish in static water, Metcalf 1974)
–1.25 (beef biotransfer factor log Bb, correlated-KOW, Bond et al. 1975)
–1.14 (vegetation, correlated-KOW, De La Cruz & Rajanna 1975)
3.86; 3.51; 3.61; 3.70 (Chlorococcum sp.; Chlamydomonas sp.; Dunaliella tertiolecta; Thallasidsira pseudomana,

Hollister et al. 1975)
5.60 (bacterial sorption, Smith et al. 1978)
4.26 (fathead minnows, 32-d exposure, Veith et al. 1979, 1980)
2.91 (calculated-S, Kenaga 1980)
4.71 (fathead minnow to 14C mirex, Huckins et al. 1982)
4.34 (fish, correlated, Mackay 1982)
4.26 (fathead minnow, Veith & Kosian 1983)
4.09, 3.41 (algae, fish, Verschueren 1983)
6.50 (fish, selected, Paterson & Mackay 1985)
1.78–2.87 highest value 2.87 but not equilibrated (rainbow trout, 15°C, steady-state BCF on 7- to 96-d laboratory

study, Oliver & Niimi 1985)
> 4.08; 2.87 (rainbow trout, kinetic BCF-k1/k2; steady-state BCF in laboratory studies, Oliver & Niimi 1985)
6.08; 7.18 (rainbow trout, calculated-KOW, Lake Ontario field data, Oliver & Niimi 1985)
2.87 (fish, Oliver & Niimi 1985; Oliver 1987)
4.34 (worms, Oliver 1987)
6.17 (oligochaetes, Connell et al. 1988)
6.41 (smelt, Oliver & Niimi 1988)
4.31 (Poecilia reticulata, Gobas et al. 1989; quoted, Devillers et al. 1996)
6.42, 7.16 (guppy, correlated, Gobas et al. 1989)
6.40 (Markwell et al. 1989)
4.72, 7.07 (dry leaf, wet leaf, Bacci et al. 1990)
7.07 (wet leaf, Bacci et al. 1990)
5.97, 7.16 (guppy 6.5% lipid: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.79–4.26, 3.95–4.40 (human, fat: wet wt basis, lipid wt basis, Geyer et al. 2000)

Bioaccumulation Factor log BAF:

8.27 (calculated field bioaccumulation, Thomann 1989)

Sorption Partition Coefficient, log KOC: 

5.56 (natural sediment, Smith et al. 1978)
7.38 (av. soils/sediments, Smith et al. 1978)
3.76 (soil, quoted exptl., Kenaga 1980)
3.08 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
6.00, 5.67 (derived from exptl., calculated-MCI χ, Meylan et al. 1992)
6.42 ± 0.39 (suspended particulate matter of the St. Lawrence River, Comba et al. 1993)
6.00 (20–25°C, soil, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
6.00 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
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Rate Constants, k, and Environmental Half-Lives, t½:

Volatilization: k = 5.37 × 10–2 h–1 (Hill et al. 1976) with t½ = 500 h from river, t½ = 700 h from pond, t½ = 1980 h
from eutrophic lake, and 1 t½ = 980 h from oligotrophic lake (Smith et al. 1978).

Photolysis: rate constants k < 5.0 × 10–8 s–1 (laboratory data, Smith et al. 1978); 
k = 4.2 × 10–3 d–1 (field data, Smith et al. 1978); 
t½ = 3.9 × 103 h (aquatic half-life, Haque et al. 1980); 
k = 0.123 d–1 (sunlight, distilled water containing 2.0 mg DOC/L humic acid, Mudambi & Hasset 1988);
k = 0.033 d–1 (sunlight, distilled water, summer, Mudambi & Hassett 1988); 
k = 0.102 d–1 (sunlight, Lake Ontario water, Mudambi & Hassett 1988); 
k = 0.019 d–1 (sunlight, distilled water, fall, Mudambi & Hassett 1988).

Oxidation: laboratory data k < 30 M–1 s–1 (Smith et al. 1978); t½ >> 0.7 yr (Smith et al. 1978; quoted, Cheung 1984).
Hydrolysis: laboratory data rate constant k = 1 × 10–10 s–1 (Smith et al. 1978); k = 2 × 10–10 s–1 with t½ = 250 yr

(Cheung 1984); 
degradation rate constant k = 1.93 × 10–4 h–1 (Mackay et al. 1985; quoted, Mackay & Paterson 1991).

Biodegradation: slow process (Cheung 1984).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k1 > 8.50 d–1 (rainbow trout, Oliver & Niimi 1985)
k2 < 0.0007 d–1 (rainbow trout, Oliver & Niimi 1985)
k2 = 0.017 d–1 with t½ = 42 d and k2 = 0.009 d–1 with t½ = 78 d for food concn of 21 ng/g and 145 ng/g,

respectively, in a 30-d uptake followed by 160-d depuration studies for juvenile rainbow trout (Fisk
et al. 1998) 

Half-Lives in the Environments:

Air:
Surface water: overall t½ = 0.83 h in river or stream, t½ = 420 h in pond, and t½ = 1480 h by sorption in both

eutrophic lake and oligotrophic lake; with photolysis t½ > 8000 h and oxidation t½ > 1000 h in pond, river,
eutrophic lake and oligotrophic lake (Smith et al. 1978); 
degradation rate constant k = 1.93 × 10–4 h–1 (Mackay et al. 1985; quoted, Mackay & Paterson 1991);
t½ = 7 d in sunlit, air-equilibrated humic acid solution, or natural water (Mudambi & Hassett 1988; Burns

et al. 1996).
Ground water:
Soil: estimated field t½ = 3000 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

t½ = 8.2 yr, extremely persistent in soil (Geyer et al. 2000)
Biota: t½ > 1000 d (Skea et al. 1981; Oliver & Niimi 1985); 

t½ > 28 d in fathead minnow to 14C mirex (Huckins et al. 1982); 
t½ > 500 d (4°C, rainbow trout, Niimi & Palazzo 1985); 
t½ = 114 d as observed and t½ = 495 d as adjusted (12°C, rainbow trout, Niimi & Palazzo 1985); 
t½ = 103 d as observed and t½ > 1000 d as adjusted (18°C, rainbow trout, Niimi & Palazzo 1985).
Depuration t½ = 42–78 d in 30-d uptake and 160-d depuration studies (juvenile rainbow trout, Fisk et al. 1998)
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18.1.1.61 Monocrotophos

Common Name: Monocrotophos
Synonym: Apadrin, Azodrin, Bilobran, Crotos, ENT 27129, Monocron, Nuvacron
Chemical Name: dimethyl (E)-1-methyl-2-(2-methylcarbamoyl)vinyl phosphate
Uses: systemic insecticide and acaricide to control pests in cotton, sugar cane, coffee, tobacco, olives, rice hops, sorghum,

maize, deciduous fruits, citrus fruits, potatoes, sugar beet, tomatoes, soya beans, and ornamentals.
CAS Registry No: 6923-22-4
Molecular Formula: C7H14NO5P
Molecular Weight: 223.164
Melting Point (°C): 

55 (Lide 2003) 
Boiling Point (°C): 

125 (at 0.0005 mmHg, Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993; Tomlin
1994; Milne 1995)

Density (g/cm3 at 20°C): 
1.33 (Hartley & Kidd 1987; Worthing & Hance 1991; Montgomery 1993; Milne 1995)
1.22 (Tomlin 1994)

Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.508 (mp at 55°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

miscible (Spencer 1973; Budavari 1989)
miscible (Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994)
1000000 (Worthing & Walker 1987, Worthing & Hance 1991; Milne 1995)
1000000 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated):

9.33 × 10–3 (20°C, Eichler 1965)
9.33 × 10–3 (20°C, Wolfdietrich 1965; Melnikov 1971; Budavari 1989)
9.33 × 10–4 (20°C, Hartley & Graham-Bryce 1980) 
5.09 × 10–3 (20°C, GC-RT correlation without mp correlation, Kim et al. 1984; Kim 1985)
2.30 × 10–3 (20°C, GC-RT correlation with mp correction, Kim 1985)
9.00 × 10–3 (Hartley & Kidd 1987)
2.90 × 10–4 (20°C, Worthing & Hance 1991; Tomlin 1994) 
9.33 × 10–3 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
9.00 × 10–3 (20°C, Montgomery 1993)
0.0295; 0.0039, 0.019 (gradient GC method; estimation using modified Watson method: Sugden’s parachor,

McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

2.08 × 10–6 (20–25°C, calculated-P/C, this work) 

Octanol/Water Partition Coefficient, log KOW:

–1.97 (calculated, Montgomery 1993)
–0.22 (calculated, Tomlin 1994)
–0.20 (recommended, Hansch et al. 1995)
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Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF

Sorption Partition Coefficient, log KOC: 

0.0 (soil, 20–25°C, estimated, Wauchope et al. 1992; Hornsby et al. 1996)
2.29, 1.65 (soil, trans-isomer, estimated-class-specific model, estimated-general model using molecular

descriptors, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Hydrolysis: calculated t½ = 96 d at pH 5, t½ = 66 d at pH 7 and t½ = 17 d at pH 9 and 20°C (Worthing & Hance
1991; Montgomery 1993; Tomlin 1994).

Half-Lives in the Environment:

Soil: selected field t½ = 30 d (Wauchope et al. 1992; Hornsby et al. 1996); 
t½ = 1–5 d in laboratory soil (Tomlin 1994).
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18.1.1.62 Naled

Common Name: Naled
Synonym: Arthodibrom, Dibrom, Bromex, Bromchlophos
Chemical Name: 1,2-dibromo-2,2-dichloroethyl dimethyl phosphate
CAS Registry No: 300-76-5
Uses: insecticide
Molecular Formula: C4H7Br2Cl2O4P
Molecular Weight: 380.784
Melting Point (°C):

27 (Lide 2003)
Boiling Point (°C):

110/0.5 mmHg (Spencer 1982; Hartley & Kidd 1987; Worthing & Walker 1987; Montgomery 1993; Tomlin
1994)

Density (g/cm3 at 20°C): 
1.96 (20°C, Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994)
1.97 (20°C, Worthing 1987)

Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Vaporization, ∆HV (kJ/mol):

77.23 (Rordorf 1989)
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.956 (mp at 27°C)

Water Solubility (g/m3 or mg/L at 25°C):

practically insoluble in water (Hartley & Kidd 1987; Worthing & Walker 1987)
0.3, 2000 (quoted, Wauchope et al. 1992)
2000 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
10 (Montgomery 1993)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations):

0.266 (20°C, Hartley & Kidd 1987; Worthing & Walker 1987; Tomlin 1994)
6.0 × 10–2, 0.67, 5.20, 31.0, 150 (25, 50, 70, 100, 125°C, gas saturation-GC, Rordorf 1989)
log (PL/Pa) = 12.307 – 4034.2/(T/K); measured range 50.5–120°C (liquid, gas saturation-GC, Rordorf 1989)
0.267, 0.00267 (Wauchope et al. 1992)
0.0267 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.267 (20°C, Montgomery 1993)

Henry’s Law Constant (Pa·m3/mol at 25°C):

Octanol/Water Partition Coefficient, log KOW:

1.38 (shake flask-GC/UV, Hussain et al. 1974)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

Cl
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Sorption Partition Coefficient, log KOC: 

133, 2.26; 2.26 (soil, quoted values; selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.14, 3.38 (soil, estimated-class-specific model, estimated-general model using molecular descriptors, Gra-

matica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: degraded by sunlight (Tomlin 1994).
Oxidation:
Hydrolysis: completely hydrolyzed in water within 2 d (Windholz 1983; quoted, Montgomery 1993); 

rapidly hydrolyzed in water > 90% in 48 h at room temp. (Spencer 1982; Hartley & Kidd 1987; Worthing
1987; Tomlin 1994).

Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water: completely hydrolyzed within 2 d (Windholz 1983; quoted, Montgomery 1993); 

rapidly hydrolyzed in water > 90% in 48 h at room temp. (Spencer 1982; Hartley & Kidd 1987; Worthing
1987; Tomlin 1994).

Ground water:
Sediment:
Soil: field t½ = 1 d (Wauchope et al. 1992; Hornsby et al. 1996).
Biota:
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18.1.1.63 Oxamyl

Common Name: Oxamyl
Synonym: D 1410, Dioxamyl, Dupont 1410, Nematicide 1410, Thioxamyl, Vydate
Chemical Name: N,N-dimethylcarbamoyloxyimino-2-(methylthio)acetamide; ethanimidothioic acid, 2-(dimethylamino)-

N-[[(methylamino)carbonyl]oxy]-2-oxo-methyl ester
Uses: insecticide/acaricide/nematicide
CAS Registry No: 23135-22-0
Molecular Formula: C7H13N3O3S
Molecular Weight: 219.261
Melting Point (°C):

109 (Lide 2003)
Boiling Point (°C):

dec (Lide 2003)
Density (g/cm3 at 20°C): 

0.97 (Montgomery 1993; Tomlin 1994; Milne 1995)
Molar Volume (cm3/mol):

212.4 (calculated-Le Bas method at normal boiling point)
226.1 (calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.150 (mp at 109°C)

0.15 (20°C, Suntio et al. 1988)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

281000 (Martin & Worthing 1977)
280000 (Khan 1980, Spencer 1982; Montgomery 1993; Tomlin 1994; Milne 1995)
282500 (Briggs 1981, Gerstl & Helling 1987)
282000 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated):

0.0306 (Khan 1980; Spencer 1982)
0.0306 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.0311 (Montgomery 1993)
0.0310 (Tomlin 1994)

Henry’s Law Constant (Pa·m3/mol):

0.00026 (calculated-P/C, Suntio et al. 1988)
0.260 (calculated-P/C, Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW:

–0.432 (Briggs 1973)
–0.47 (20–25°C, shake flask-14C-labeled compound-LSC, Briggs 1981)
–0.432 (shake flask-centrifuge-liquid scintillation counting method, Gerstl 1984; Gerstl & Helling 1987)
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–0.40 (Montgomery 1993)
–0.44 (pH 5, Tomlin 1994)
–0.47 (selected, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

Sorption Partition Coefficient, log KOC: 

0.707 (soil, sorption isotherm, converted form reported log KOM of 0.47, Briggs 1981)
1.66, 1.07, 1.20, 1.32, 1.84 (5 Israeli soils, organic matter: 0.11% pH 8.5; 0.68% pH 7.9; 0.95% pH 7.8; 1.23%

pH 7.2; and 2.03% pH 7.7, reported as KOM, batch equilibrium-adsorption isotherms, Gerstl 1984)
0.176–1.16, –0.886–0.38 (reported as KOM, estimated-S, estimated-KOW, Gerstl 1984)
0.778 (soil, screening model calculations, Jury et al. 1987b)
2.47 (calculated-MCI χ, Gerstl & Helling 1987)
0.70 (soil, Carsel 1989)
1.40 (soil, Wauchope et al. 1992; Hornsby et al. 1996)
–0.70 to 1.40 (Montgomery 1993)
1.00 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
1.06, 1.68 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)
1.43, 1.36 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, average, Delle Site 2001)
1.08 (sediment: organic carbon OC ≥ 0.5%, average, Delle Site 2001)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: t½ = 55.4 h (absorbance wavelength 223 nm) (Montgomery 1993).
Oxidation:

k(aq.) = (620 ± 150) M–1 s–1 for direct reaction with ozone in water at pH 2–7 and 24 ± 1°C, with a t½ = 54 s
at pH 7 (Yao & Haag 1991).

Hydrolysis: hydrolysis t½ > 31 d at pH 5, 8 d at pH 7 and t½ = 3 h at pH 9 (Tomlin 1994).
Biodegradation: decomposition rate constants range from k = 0.182 d–1 to 0.021 d–1 corresponding to v = 4 to

33 d in Bet Dagan soil depending on moisture, and decomposition rate constant ranges from k = 0.23 to
0.11 d–1 corresponding to t½ = 3.1 to 6.5 d in five Israeli soils (Gerstl 1984); 
t½ = 6 d in screening model calculations (Jury et al. 1987b); .

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water: measured rate constant k = (620 ± 150) M–1 s–1 for direct reaction with ozone in water at pH

2.0–7.0 and 24 ± 1°C, with t½ = 54 s at pH 7 (Yao & Haag 1991).
Ground water:
Sediment:
Soil: t½ = 9–15 d (Harvey & Han 1978); 

t½ = 12–68 d for soils from Holland depending on the moisture content (Smelt et al. 1979); 
t½ = 15 d in several soils at 15°C (Bromilow et al. 1980); 
decomposition in soil was as a function of moisture content, and followed first-order kinetics with reported

soil t½ = 4–13 d at 25°C and, t½ = 32.7 d at 15°C, t½ = 3.8 d at 35° in Bet Dagan soil; rate constants
between k = 0.11–0.23 d–1 and with t½ ~ 4 d in 5 Israeli soils (Gerstl 1984); 

t½ = 6 d in screening model calculations (Jury et al. 1987b); 
t½ = 7 d (Worthing & Hance 1991); 
t½ = 8–50 d (Ou & Rao 1986) and 
t½ = 10.2–13.1, 6.2, 7.1 and 17.8 d in Pitstone, Devizes, Sutton, Veany soils, respectively (Montgomery 1993); 
field t½ = 4 d (selected, Wauchope et al. 1992; Hornsby et al. 1996).

Biota:
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18.1.1.64 Parathion

Common Name: Parathion
Synonym: AAT, AATP, AC 3422, Alkron, Alleron, American Cyanamid 3422, Aphamite, Aralo, B 404, Bay E-605,

Bladan, Corothion, Corthion, Corthione, Danthion, DDP, Diethyl parathion, DNDP, DPP, E 605, Ecatox, Ekatox,
ENT 15108, Ethlon, Ethyl parathion, Etilon, Folidol, Fosfermo, Fosferno, Fosfex, Fosfive, Fosova, Fostern, Fostox,
Gearphos, Genithion, Kolphos, Kypthion, Lethalaire G54, Lirothion, Murfos, NA 2783, NCI-C00226, Niran,
Nitrostigmine, Orthophos, Pac, Panthion, Paradust, Paraflow, Paramar, Paraphos, Paraspray, Parathene, Parathion-
ethyl, Parawet, Penphos, Pestox plus, Pethion, Phoskil, Phosphemol, Phosphenol, Phosphostigmine, RB, Rhodiasol,
Rhodiatox, Rhodiatrox, Selephos, SNP, Soprathion, Stathion, Strathion, Sulphos, Super rodiatox, T-47, Thiofos,
Tiophos, Tox 47, Vapophos, Vitrex

Chemical Name: O,O-diethyl O-4-(nitrophenyl) phosphorothioate; diethyl 4-nitrophenyl phosphorothioate; phospho-
rothioc acid O,O-diethyl O-(4-nitrophenyl) ester 

Uses: insecticide and acaricide to control chewing and sucking insects and mites in fruits, vegetables, ornamentals and
field crops.

CAS Registry No: 56-38-2
Molecular Formula: C10H14NO5PS
Molecular Weight: 291.261
Melting Point (°C): 

6.1 (Melnikov 1971; Freed et al. 1977; Montgomery 1993; Tomlin 1994; Milne 1995; Lide 2003)
Boiling Point (°C): 

115 (at 0.05 mmHg, Melnikov 1971; Freed et al. 1977)
375 (Montgomery 1993; Milne 1995)
105 (at 80 Pa, Tomlin 1994)

Density (g/cm3 at 20°C):
1.265 (25°C, Spencer 1982; Hartley & Kidd 1987; Milne 1995)
1.26 (25°C, Merck Index 1989; Montgomery 1993)
1.2694 (25°C, Worthing & Hance 1991; Tomlin 1994)

Molar Volume (cm3/mol):
251.9 (calculated-Le Bas method at normal boiling point)
230.3 (calculated from density)

Dissociation Constant, pKa:
7.14 (Kortum et al. 1961; Wolfe 1980)

Enthalpy of Vaporization, ∆HV (kJ/mol):
89.92 (Rordorf 1989)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
19.87 (DSC method, Plato & Glasgow 1969)

Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

24 (Macy 1948; Günther et al. 1968; Melnikov 1971; Spencer 1973)
18–31 (rm temp., > 95% purity with max. particle size 0.07–5.0µ, shake flask-GC, Robeck et al. 1965)
11.9 (20°C, NIEHS 1975; quoted, Freed et al. 1977) 
11.9 (20°C, O’Brien 1975) 
24 (Martin & Worthing 1977; Worthing & Walker 1987; Hartley & Kidd 1987)
24 (Wauchope 1978; Khan 1980; Lyman 1982; Willis & McDowell 1982)
12.4 (20°C, shake flask-GC, Bowman & Sans 1979, 1983b)
6.54 (shake flask-GC, Felsot & Dahm 1979)
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20 (Windholz 1983, Budavari 1989)
14.0 (shake flask-GC or LSC, Gerstl & Mingelgrin 1984)
11 (20°C, Worthing & Hance 1991; Tomlin 1994; Milne 1995)
12.9, 15.2 (20°C, 30°C, Montgomery 1993)
12 (20°C selected, Siebers & Mattusch 1996)
24 (20° C, selected, Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

5.04 × 10–3*, 12.3 × 10–3 (20, 30°C, calculated by Spencer et al. 1979-gas saturation, temp range 20–45°C, Bright
et al. 1950)

log (P/mmHg) = 7.761 – 3395/(T/K); temp range 25.2–65.5°C (gas saturation, Bright et al. 1950)
2.56 × 10–3 (20°C, effusion, measured range 25.2–65.5°C, Williams 1951)
log (P/mmHg) = 10.30 – 4400/(T/K); temp range 25.2–65.5°C (effusion, Williams 1951)
0.76 × 10–3 (20°C, Wolfdietrich 1965)
5.07 × 10–3 (20°C, Spencer 1973)
5.85 × 10–4 (20°C, evaporation rate-gravimetric method Gückel et al. 1973, 1974)
0.76 × 10–3 (20°C, Gückel et al. 1973, 1974) 
1.29 × 10–3* (25°C, gas saturation method, measured range 25–45°C, Spencer et al. 1979)
log (P/mmHg) = 12.66 – 5274/(T/K); temp range 24.9–45°C (gas saturation Spencer et al. 1979)
6.41 × 10–4* (20°C, evaporation rate, measured range 20–60°C, Gückel et al.1982)
1.29 × 10–3 (Spencer 1983)
1.30 × 10–3* (25.3°C, gas saturation-GC, measured range 25.3–45°C, Kim et al. 1984; Kim 1985)
log (P/mmHg) = 10.5655 – 4645.07/(T/K); temp range 25.3–45°C (gas saturation, Kim 1985)
0.69 × 10–3 (20°C, extrapolated-Clausius-Clapeyron eq., Kim et al. 1984; Kim 1985)
8.13 × 10–4 (20°C, GC-RT correlation, Kim et al. 1984; Kim 1985)
5.0 × 10–3 (20°C, Hartley & Kidd 1987) 
1.80 × 10–3* (gas saturation-GC, measured range 25–125°C Rordorf 1989)
log (PL/Pa) = 13.006 – 4697.2/(T/K); measured range 32.3–160°C (gas saturation-GC, Rordorf 1989)
6.7 × 10–3 (PL, GC-RT correlation, Hinckley et al. 1990)
8.90 × 10–4 (20°C, Worthing & Hance 1991; Tomlin 1994)
0.0533 (20°C, Montgomery 1993)
6.67 × 10–4 (20°C, selected, Hornsby et al. 1996)
1.30 × 10–3 (20°C, selected, Siebers & Mattusch 1996)
0.00316; 0.0066, 0.0013, 0.00059, 0.0025 (gradient GC method; quoted lit. values, Tsuzuki 2000)
3.23 × 10–3; 1.12 × 10–3, 0.00145 (gradient GC method; estimation using modified Watson method: Sugden’s

parachor, McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa m3/mol at 25°C or as indicated):

0.120 (20°C, calculated-P/C, Mackay & Shiu 1981)
0.074 (20°C, volatilization rate, Burkhard & Guth 1981)
0.096 (24°C, calculated-P/C, Chiou et al. 1980)
0.015 (calculated-P/C, Jury et al. 1984, 1987a; Jury & Ghodrati 1989)
0.012 (20°C, calculated-P/C, Suntio et al. 1988)
0.015 (calculated-P/C, Taylor & Glotfelty 1988)
0.0087 (23°C, Fendinger & Glotfelty 1990)
0.057 (calculated-P/C, Howard 1991)
0.030 (calculated-bond contribution method, Meylan Howard 1991)
0.0087 (calculated-P/C, Montgomery 1993)
0.020 (selected, Siebers & Mattusch 1996)

Octanol/Water Partition Coefficient, log KOW:

3.81 (shake flask-GC, Chiou et al. 1977; Freed et al. 1977)
3.40 (shake flask-LSC, Felsot & Dahm 1979)
3.81 (shake flask-GC, Freed et al. 1979)
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3.80 (Hansch & Leo 1979)
3.93 (shake flask-UV, Lord et al. 1980)
3.93 (shake flask-GC, Briggs 1981)
3.76 (shake flask-GC, Bowman & Sans 1983b)
3.83 (Hansch & Leo 1985)
2.15–3.93 (Montgomery 1993)
3.83 (recommended, Sangster 1993)
3.83 (Tomlin 1994)
3.83 (recommended, Hansch et al. 1995)
3.45 (RP-HPLC-RT correlation, Finizio et al. 1997)
4.32 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)

Bioconcentration Factor, log BCF:

2.53 (fish in static water, Metcalf & Sanborn 1975) 
1.81 (tadpoles, Hall & Kolbe 1980)
2.00, 2.54 (calculated-S, KOC, Kenaga 1980)
3.14 (earthworms, Lord et al. 1980)
4.00 (log BCFlipid, Briggs 1981)
2.68 (calculated-KOW, Hansch & Leo 1985)
2.48 (Am. oysters after 84 d,; Howard 1991)
1.48, 2.34 (av., fathead minnow after 70 d, 820,138 d, Howard 1991)
2.34 (av., fathead minnow after 82–138 d, Howard 1991)
1.91, 2.27, 2.40, 1.43 (av., bluegill after 12 h, 29 h, 46 h, 504 d, Howard 1991)
1.95, 2.39, 2.50 (average, brook trout muscle after 8 h, 6 d, 180 d, Howard 1991)
1.90 (Isnard & Lambert 1988)
2.53 (Pait et al. 1992)

Sorption Partition Coefficient, log KOC: 

3.68 (soil, Swoboda & Thomas 1968; quoted, Kenaga 1980; Kenaga & Goring 1980)
4.02 (average, 4 soils, Hamaker & Thompson 1972)
3.30 (average, soils, Chiou et al. 1979)
2.88 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
2.90 (calculated-S, Mill et al. 1980)
4.03 (average soils/sediments, Rao & Davidson 1980)
3.02 (soil, sorption isotherm, converted from the reported log KOM of 2.78, Briggs 1981)
3.25, 3.95, 3.42 (estimated-S, calculated-S and mp, calculated-KOW, Karickhoff 1981)
2.26–3.96 (reported as log KOM, Mingelgrin & Gerstl 1983)
2.83 (average, 8 Israeli soils, Gerstl & Mingelgrin 1984)
3.19 (average, 4 Israeli sediments, Gerstl & Mingelgrin 1984)
3.52, 2.58 (quoted, calculated-MCI χ, Gerstl & Helling 1987)
3.04 (screening model calculations, Jury et al. 1987a, b; Jury & Ghodrati 1989)
3.68, 3.33 (reported, estimated as log KOM, Magee 1991)
3.15 (estimated-QSAR and SPARC, Kollig 1993)
2.50–4.20 (Montgomery 1993)
3.70 (20°C, selected, Hornsby et al. 1996)
3.20 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
3.20; 3.57, 3.14 (soil, quoted exptl.; estimated-class-specific model, estimated-general model, Gramatica et al.

2000)
3.05, 3.09, 2.94 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, 0.1 ≤ OC < 0.5%, average, Delle Site 2001)
3.17, 3.09 (average values for sediments with OC ≥ 0.5%, Delle Site 2001)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: exptl. t½ = 14 d in nonstirred aqueous solutions and t½ = 9.3 d in stirred aqueous solutions, and
estimated t½ ~ 13 d in nonstirred aqueous solutions and t½ ~ 8.7 d in stirred aqueous solutions (Chiou et al.
1980).
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Photolysis: photoreacted 390 times more rapidly when sorbed by algae than in distilled water (Zepp &
Schlotzhauer 1983) 
direct photolysis has a t½ < 1 d to 10 d in surface waters, the presence of photosensitizers, free radicals,

hydrogen peroxide, or algae which are found in eutrophic waters may accelerate degradation considerably
(GEMS 1986; quoted, Howard 1991)

photodegradation t½ = 88 h (Hazardous Substances Data Bank 1989; quoted, Montgomery 1993) 
t½ = 55 d without addition of humic substances; t½ = 18 d and t½ = 9 d with concn of humic acid 20 mg/L

and 50 mg/L, respectively, under light intensity λ ≥ 290 nm (Mansour & Feicht 1994).
Oxidation: rate constant k, for gas-phase second order rate constants, kOH for reaction with OH radical, kNO3

with NO3 radical and kO3 with O3 or as indicated, *data at other temperatures see reference:
kOH(calc) = 92 × 10–12 cm3 molecule–1 s–1 (Winer & Atkinson 1990).

Hydrolysis: 
k(second-order alkaline) = 1.2 × 10–3 M–1 s–1 at 27°C (Ketelaar 1950; quoted, Wolfe 1980)
t½ = 130 d at pH 7.4 and 20°C (NIEHS 1975; quoted, Freed et al. 1977, 1979; Montgomery 1993) 
t½ = 5240 h, 180 h, 30 h, 4.47 h at room temp, 50, 70, 90°C, respectively, in estuarine water with salinity

of 25.7% at pH 7.8; and t½ ranging from 15.7–40.5 h in seawater or distilled water containing NaCl,
NaOH or salt at 30 g/L at pH ranging from 1–8.0 at 70°C (Weber 1976)

t½ = 24 wk at pH 6, t½ = 19 wk at pH 7.4 and 20°C (Freed et al. 1979; quoted, Howard 1991; Montgomery
1993)

t½ = 43 wk at pH 5, t½ = 24 wk at pH 6, and t½ = 15 wk at pH 8 and 20°C (Chapman & Cole 1982; quoted,
Howard 1991; Montgomery 1993)

k(alkaline) = 2.3 × 10–2 M–1 s–1, k(neutral) = 4.5 × 10–8 s–1 in aqueous buffer at 20°C (Harris 1982)
k = 2.4 yr–1 at pH 7.0 and 25°C (Kollig 1993); t½ = 3.5 wk at pH 6 (Montgomery 1993)
t½ = 272 d at pH 4, t½ = 260 d at pH 7, and t½ = 130 d at pH 9 at 22°C (Tomlin 1994).

Biodegradation: generally occurs with a half-life of several weeks but in well acclimated water, complete
degradation may occur in two weeks (Eichelberger & Lichtenberg 1971; Sharom et al. 1980; quoted, Howard
1991)
t½ > 4250 d from biodegradation rate constant in aquatic systems from river water samples (Williams 1977;

quoted, Scow 1982); 
k = 0.029 d–1 in soil by die-away tests from soil incubation studies (Rao & Davidson 1980; quoted, Scow

1982)
t½ = 18 d for a 100 d leaching and screening test in 0–10 cm depth of soil (Rao & Davidson 1980; quoted,

Jury et al. 1983, 1984, 1987a, b; Jury & Ghodrati 1989) 
k < 0.00016 d–1 of aerobic degradation observed in incubations of river water samples (Lyman et al. 1990;

quoted, Hemond & Fechner 1994).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: atmospheric transformation lifetime was estimated to be < 1 d (Kelly et al. 1994).
Surface water: persistence of up to 8 wk in river water (Eichelberger & Lichtenberg 1971) 

t½ = 3670 h at pH 5 and t½ = 523 h at pH 9 in water at 20°C (Gomaa & Faust 1972)
estimated t½ > 4250 d from biodegradation rate constant in aquatic systems from river water samples

(Williams 1977; quoted, Scow 1982);
t½ = 5240 h, 180 h, 30 h, 4.47 h at room temp, 50, 70, 90°C, respectively, in estuarine water with salinity

of 25.7% at pH 7.8; and t½ ranging from 15.7–40.5 h in seawater or distilled water containing NaCl,
NaOH or salt at 30 g/L at pH ranging from 1–8.0 at 70°C (Weber 1976)

t½ = 7.84 d in the Indian River water at 24 ppt salinity; pH 8.16 (Wang & Hoffman 1991);
photolysis t½ = 55 d without addition of humic substances; t½ = 18 d and 9 d with concn of humic acid 20

mg/L and 50 mg/L, respectively, under light intensity λ- 290 nm (Mansour & Feicht 1994); 
t½ = 120 d at 6°C, t½ = 84 d at 22°C in darkness for Milli-Q water at pH 6.1; t½ = 120 d at 6°C, t½ = 86 d

at 22°C in darkness, 8 d under sunlight conditions for river water at pH 7.3; t½ = 122 d at 6°C, t½ = 33 d
at 22°C in darkness for filtered river water at pH 7.3; t½ = 542 d at 6°C, t½ = 44 d at 22°C in darkness,
t½ = 18 d under sunlight conditions for seawater at pH 8.1 (Lartiges & Garrigues 1995).
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Ground water:
Sediment:
Soil: persistence of one week (Edwards 1973; quoted, Morrill et al. 1982); 

persistence of less than one month (Wauchope 1978); 
t½ > 24 wk in sterile sandy loam and t½ < 1.0 wk in nonsterile sandy loam; t½ > 24 wk in sterile organic soil

and t½ = 1.5 wk in nonsterile organic soil (Miles et al. 1979); 
estimated first-order t½ = 23.9 d from biodegradation rate constant k = 0.029 d–1 in soil by die-away tests

from soil incubation studies (Rao & Davidson 1980; quoted, Scow 1982); 
moderately persistent in soil with t½ = 20–100 d (Willis & McDowell 1982); 
reported t½ = 18 d calculated using screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati

1989; quoted, Montgomery 1993); 
av. degradation rate constant k = 0.030 d–1 in silty clay with t½ = 23 d and av. degradation rate constant k

= 0.0315 d–1 in sandy clay with t½ = 22 d (Sattar 1990); 
t½ = 14 d (selected, Halfon et al. 1996); 
field t½ = 14 d (20–25°C, selected, Hornsby et al. 1996); 
soil t½ = 6 d (Pait et al. 1992)

Biota: biochemical t½ = 15 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989).

TABLE 18.1.1.64.1
Reported vapor pressures of parathion at various temperatures and the coefficients for the vapor pressure
equations

log P = A – B/(T/K) (1) P = A – B/(T/K) (1a)
log P = A – B/(C + t/°C) (2) P = A – B/(C + t/°C) (2a)
log P = A – B/(C + T/K) (3)
log P = A – B/(T/K) – C·log (T/K) (4)

1.

Bright et al. 1950 Williams 1951 Spencer et al. 1979 Gückel et al. 1982

gas saturation dynamic/microdistillation gas saturation-GC evaporation rate

t/°C P/Pa t/°C P/Pa t/°C P/Pa t/°C P/Pa

calc- eq. 1* observed
20 5.04 × 10–3 20 2.61 × 10–3 25 1.29 × 10–3 20 6.41 × 10–4

25 7.96 × 10–3 25.4 4.68 × 10–3 35 4.32 × 10–3 40 7.29 × 10–3

30 1.23 × 10–2 54.5 0.088 45 0.01680 60 6.10 × 10–2

35 1.86 × 10–2 70.7 0.373
40 2.79 × 10–2 100 2.866 calculated from eq. 1
45 0.04135 140 58.66 20 6.27 × 10–4

160 142.7 25 1.26 × 10–3

eq. 1 P/mmHg #extrapolated 30 2.45 × 10–3

A 7.161 35 4.71 × 10–3

B 3395 eq. 1 P/mmHg 40 8.83 × 10–3

A 10.30 45 0.0162
*calc by Spencer et al. 1979 B 4400

eq. 1 P/mmHg
A 12.66
B 5274
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TABLE 18.1.1.64.1 (Continued)

2.

Kim et al. 1984, Kim 1985 Rordorf 1989

gas saturation-GC gas saturation-GC

t/°C P/Pa t/°C P/Pa

25.3 0.00131 25 0.0018
34.9 0.00409 50 0.030
45.0 0.0120 75 0.330
20.0 0.0693 100 2.60
25.0 0.00131 125 16.0

eq. 1 P/mmHg eq. 1 P/Pa
A 10.5654 A 13.006
B 4645.07 B 4697.2

FIGURE 18.1.1.64.1 Logarithm of vapor pressure versus reciprocal temperature for parathion.

Parathion: vapor pressure vs. 1/T
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18.1.1.65 Parathion-methyl

Common Name: Parathion-methyl
Synonym: Bladan M, Folidol-M, Metacide, Nitrox 80
Chemical Name: O,O-dimethyl O-4-(nitrophenyl) phosphorothioate; dimethyl 4-nitrophenyl phosphorothioate 
Uses: insecticide to control chewing and sucking insects, and mites in a wide range of crops, including fruits, vines,

vegetables, ornamentals, cotton, and also used as acaricide.
CAS Registry No: 298-00-0
Molecular Formula: C8H10NO5PS
Molecular Weight: 263.208
Melting Point (°C): 

38 (Lide 2003)
Boiling Point (°C): 

109 (at 0.05 mmHg, Freed et al. 1977)
119 (at 0.1 mmHg, Hartley & Kidd 1987)
154 (at 1.0 mmHg, Hartley & Kidd 1987; Tomlin 1994)
143 (Howard 1991)

Density (g/cm3 at 20°C):
1.358 (Hartley & Kidd 1987; Worthing & Hance 1991; Tomlin 1994)

Molar Volume (cm3/mol):
207.5 (calculated-Le Bas method at normal boiling point)
194.0 (calculated from density)

Dissociation Constant, pKa:
7.15 (Kortum et al. 1961; Wolfe 1980)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
24.06 (Plato & Glasgow 1969)

Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.746 (mp at 38°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

55 (Melnikov 1971)
60 (Leonard et al. 1976; Khan 1980)
57 (Martin & Worthing 1977)
50 (Smith et al. 1978; Wauchope 1978)
37.7 (19.5°C, shake flask-GC, Bowman & Sans 1979, 1983b)
55 (20°C, Freed et al. 1979)
55–60 (Worthing 1979, 1983; Hartley & Kidd 1987)
60 (Khan 1980)
53 (Weber et al. 1980)
55 (20°C, Worthing & Hance 1991; Tomlin 1994)
60 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations. Additional data at other 
temperatures designated * are compiled at the end of this section):

0.00133 (20°C, Wolfdietrich 1965; von Rümker & Horay 1972)
0.00129 (20°C, Gückel et al. 1973)
0.0023 (Grover et al. 1976)
0.00229* (24.9°C, gas saturation-GC, measured range 24.9–45.1°C, Spencer et al. 1979)
log (P/mmHg) = 14.37 – 3700/(T/K); temp range 24.9–34.9°C (gas saturation, Spencer et al. 1979)
log (P/mmHg) = 10.61 – 4543/(T/K); above mp 35.2–35.4°C (gas saturation, Spencer et al. 1979)

O2N

O
P

O

S
O
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0.0013 (Worthing 1979)
> 0.0133 (20–25°C, Weber et al. 1980) 
0.0020* (gas saturation-GC, measured range 25.4–45.1°C, Kim et al. 1984)
log (P/mmHg) = 9.0935 – 4063.65/(T/K); temp range 25.4–45°C (gas saturation method, Kim et al. 1984)
0.00084 (20°C, extrapolated-Clausius-Clapeyron eq., Kim et al. 1984)
log (P/mmHg) = 17.0502 – 6520.21/(T/K); temp range 25.4–34.3°C (gas saturation, Kim 1985)
0.0013 (20°C, Hartley & Kidd 1987)
0.0015 (22°C, selected, Seiber et al. 1989)
0.023 (GC-RT correlation, supercooled liquid PL, Hinckley et al. 1990)
0.0024 (selected, Taylor & Spencer 1990)
0.0002 (20°C, Worthing & Hance 1991; Tomlin 1994)
0.002 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.00041 (Tomlin 1994)
0.00955 (gradient GC method; Tsuzuki 2000)
9.77 × 10–3; 4.90 × 10–3, 0.00389 (gradient GC method; estimation using modified Watson method: Sugden’s

parachor, McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.0101 (Metcalf et al. 1980)
0.0061 (estimated, Metcalf et al. 1980)
0.0109 (calculated-P/C, Jury et al. 1987a; Jury & Ghodrati 1989)
0.021 (20°C, calculated-P/C, Suntio et al. 1988)
0.0101 (22°C, selected, Seiber et al. 1989)
0.0062 (wetted wall column method-GC, Fendinger & Glotfelty 1990)
0.0170 (calculated-bond contribution method, Meylan & Howard 1991)
0.0062 (23°C, quoted, Schomburg et al. 1991)
0.00383 (20°C, wetted wall column-GC, Rice et al. 1997b)

Octanol/Water Partition Coefficient, log KOW:

2.04 (shake flask-GC, Jaglan & Gunther 1970)
2.04 (shake flask, Leo et al. 1971)
2.99 (shake flask, Mundy et al.1978)
2.68 (shake flask-HPLC, Moody et al.1987)
3.32 (Hansch & Leo 1979)
3.32 (Rao & Davidson 1980)
2.94 (shake flask-GC, Bowman & Sans 1983b)
1.80 (shake flask-GC, Schimmel et al. 1983)
2.86 (Hansch & Leo 1985)
2.86 (recommended, Sangster 1993)
2.71 (RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
3.00 (Tomlin 1994)
2.86 (recommended, Hansch et al. 1995)
2.71 (RP-HPLC-RT correlation, Finizio et al. 1997)

Bioconcentration Factor, log BCF: 

0.778, 0.0 (carp/lipids, carp/muscle, Chigareva 1973)
1.98 (fish in static water, Metcalf 1974)
2.69 (bacteria, Smith et al. 1978)
1.80, 2.89 (calculated-S; calculated-KOC, Kenaga 1980)
3.039 ± 0.005 (guppy, calculated on an extractable lipid wt. basis, De Bruijn & Hermens 1991)
2.98 (guppy, calculated on an extractable lipid wt. basis, De Bruijn & Hermens 1991)
3.04 (Poecilia reticulata, De Bruijn & Hermens 1991)
1.85 (Pait et al. 1992)
1.92 (paddy field fish, Tejada 1995)
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Sorption Partition Coefficient, log KOC: 

3.99 (soil, Hamaker & Thompson 1972; Kenaga 1980; Kenaga & Goring 1980)
1.699 (av. all sediments, Smith et al. 1978)
2.63 (av. of 3 soils, Rao & Davidson 1979)
2.67 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
3.71 (Rao & Davidson 1980)
3.02, 3.47, 2.93 (estimated-S, S and mp, KOW, Karickhoff 1981)
3.71 (screening model calculations, Jury et al. 1987a, b; Jury & Ghodrati 1989)
3.84, 1.97 (quoted, calculated-MCI χ, Gerstl & Helling 1987)
3.71–3.99 (soil, Carsel 1989)
3.00 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
3.71 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.68 (sediment, estimated, Paraiba et al. 1999)
3.27, 2.84 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)
2.82, 2.74 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, average, Delle Site 2001)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: volatilization rate k < 0.01 kg ha–1 d–1 in a flooded rice field (Seiber et al. 1986; Seiber &
McChesney 1987; quoted, Seiber et al. 1989)

Photolysis: lab. rate constant k = 2.7 × 10–7 s–1 in early January with photolysis t½ = 240 h, 850 h, 850 h and
170 h in river, pond, eutrophic lake and oligotrophic lake predicted by the one-compartment model (Smith
et al. 1978; quoted, Howard et al. 1991); 
t½ = 8 d in summer and t½ = 38 d in winter for direct sunlight photolysis in natural water (Smith et al. 1978;

quoted, Howard 1991; Howard et al. 1991); 
photolytic t½ = 200 h in aquatics (Haque et al. 1980); 
photoreacted 390 times more rapidly when sorbed by algae than in distilled water (Zepp & Schlotzhauer

1983).
Oxidation: rate constant k, for gas-phase second order rate constants, kOH for reaction with OH radical, kNO3

with NO3 radical and kO3 with O3 or as indicated, *data at other temperatures see reference:
k = 3.0 M–1 s–1 (Smith et al. 1978) 
photooxidation half-life of 3.6 d for the vapor-phase reaction with hydroxyl radical in the atmosphere

(Atkinson 1985; quoted, Howard 1991); 
photooxidation half-life of 1.0–10.5 h based on estimated rate constant for the vapor-phase reaction with

OH radical in air (Atkinson 1987; quoted, Howard et al. 1991).
Hydrolysis: 

k = .4 × 10–2 mol min–1 with t½ = 125 h for pH <11.0 at 15°C (Ketelaar & Gersmann 1958; quoted, Freed 1976) 
k = 1.1 × 10–7 s–1 with a half-life of 8.4 h at pH 6 buffer at 70°C in 20% ethanol aqueous solution (Ruzicka

et al. 1967; quoted, Freed 1976; Smith et al. 1978) 
t½ = 1.7 wk at pH about 6 and room temp. (Cowart et al. 1971; quoted, Smith et al. 1978) 
k = 1.1 × 10–7 s–1 with t½ = 72 d at pH 7 and 25°C (Mabey & Mill 1978; quoted, Howard et al. 1991) 
k = 9 × 10–7 s–1 (Smith et al. 1978) 
k(alkaline) = 5.3 × 10–3 M–1 s–1 at 27°C and pH 10 (Smith et al. 1978; quoted, Wolfe 1980) 
t½ = 68 d at pH 5, t½ = 40 d at pH 7, t½ = 33 d at pH 9 at 25°C (Tomlin 1994). 

Biodegradation: 
k = 1.7 × 10–7 -g cell–1 h–1 (Smith et al. 1978); 
t½(aq. aerobic) = 360–1680 h, based on an unacclimated aerobic river die-away test data (Bourquin et al.

1979; Spain et al. 1980; quoted, Howard et al. 1991); 
t½(aq. anaerobic) = 24–168 h, based on unacclimated anaerobic soil and sediment grab sample data (Adhya

et al. 1981; Wolfe et al. 1986; quoted, Howard et al. 1991); 
t½ = 15 d for a 100 d leaching and screening test in 0–10 cm depth of soil (Rao & Davidson 1980; quoted,

Jury et al. 1983, 1987a, b; Jury & Ghodrati 1989); 
k = (0.003 ± 0.0003) h–1 with half-life of 220.9 h in surface aerobic soils at Williamsburg,

k = (0.0017 ± 0.00009) h–1 with half-life of 410 h in subsurface aerobic soils at Sault Ste. Marie (Ward 1985) 
k = 0.30 d–1 in river sediment, k = 0.02 d–1 in river water (Cripe et al. 1987; quoted, Battersby 1990)
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Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 

k1 = (2.59 ± 0.88) × 10–3 mL g–1 d–1 (guppy, De Bruijn & Hermens 1991)
k2 = (2.38 ± 0.14) d–1 (guppy, De Bruijn & Hermens 1991)
k2 = 1.71 d–1 (guppy, calculated-KOW, De Bruijn & Hermens 1991)
k2 = (0.12 ± 0.02) × 10–3 (NADPH) min–1 mg protein–1 (rainbow trout, De Bruijn et al. 1993)
k2 = (0.11 ± 0.03) × 10–3 (GSH) min–1 mg protein–1 (rainbow trout, De Bruijn et al. 1993)

Half-Lives in the Environment:

Air: estimated t½ = 3.6 d for the vapor-phase reaction with hydroxyl radical in air (Atkinson 1985; quoted,
Howard 1991); 
photooxidation t½ = 1.0–10.5 h in air based on estimated rate constant for the vapor-phase reaction with

hydroxyl radical in air (Atkinson 1987; quoted, Howard et al. 1991); 
reaction rate k = 4.77 × 10–4 min–1 in air (Paraiba et al. 1999).

Surface water: persistence up to 4.0 wk in river water (Eichelberger & Lichtenberg 1971); 
overall t½ = 0.6 h in river, t½ = 15 h in eutrophic pond, t½ = 28.3 h in eutrophic lake and t½ = 157.5 h

oligotrophic lake (Smith et al. 1978); 
t½ = 8 d in summer and t½ = 38 d in winter for direct sunlight photolysis in natural water (Howard 1991;

Howard et al. 1991); 
t½ > 28 d in 100 mL pesticide-seawater solution under indoor conditions, t½ = 6.3 d under outdoor light

conditions and t½ = 18 d under outdoor dark conditions (Schimmel et al. 1983); 
first-order biodegradation rate constant k = 0.30 d–1 in river sediment and k = 0.02 d–1 in river water (Cripe

et al. 1987; quoted, Battersby 1990); 
t½ = 44 h of dissipation from rice field water (Seiber & McChesney 1987; quoted, Seiber et al. 1989)
t½ = 237 d at 6°C, 46 d at 22°C in darkness for Milli-Q water at pH 6.1; t½ = 95 d at 0°C, 23 d at 22°C in

darkness, t½ = 11 d under sunlight conditions for river water at pH 7.3; t½ = 173 d at 6°C, t½ = 18 d at
22°C in darkness for filtered river water at pH 7.3; t½ = 233 d at 6°C, t½ = 30 d at 22°C in darkness,
v = 34 d under sunlight conditions for seawater at pH 8.1 (Lartiges & Garrigues 1995); 

reaction rate k = 3.80 × 10–4 min–1 in water (Paraiba et al. 1999).
Ground water: t½ = 24–1680 h based on estimated aqueous aerobic and anaerobic biodegradation half-life

(Howard et al. 1991).
Sediment: t½ < 1.2 d in 10 g sediment/100 mL pesticide-seawater solution under untreated conditions and t½ > 28 d

under sterile conditions (Schimmel et al. 1983); 
disappearance rate constants: k = (3.5 ± 0.6) × 10–3 min–1 in Beaver Dam sediments samples at pH 6.7,

k = (2.9 ± 1.2) × 10–3 min–1 in Memorial Park sediments samples at pH 6.5 and k = (2.8 ± 2.4) × 10–3

min–1 in Hickory Hills sediments samples at pH 6.9 near Athens, Georgia (Wolfe et al. 1986); 
reaction rate k = 2.85 × 10–5 min–1 in sediment (Paraiba et al. 1999).

Soil: t½ = 2,408,640 h, based on unacclimated aerobic soil grab sample data (Davidson et al. 1980; Butler et al.
1981; quoted, Howard et al. 1991); 
measured dissipation rate k = 0.010–0.034 d–1 (Baker & Applegate 1970; quoted, Nash 1988); 
estimated dissipation rate k = 0.029, 0.042 d–1 (Nash 1988); 
persistence of less than one month (Wauchope 1978); 
non-persistent in soils with t½ < 20 d (Willis & McDowell 1982); 
rate constant k = 0.16 d–1 with t½ = 4 d under laboratory conditions and rate constant k = 0.046 d–1 with

t½ = 15 d under field conditions (Rao & Davidson 1980); 
t½ = 15 d in screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989); selected field

t½ = 5.0 d (Wauchope et al. 1992; quoted, Halfon et al. 1996; Hornsby et al. 1996); 
soil t½ = 44 d (Pait et al. 1992).

Biota: biochemical t½ = 15 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989).
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TABLE 18.1.1.65.1
Reported vapor pressures of parathion-methyl at various temperatures and the coefficients for the vapor
pressure equations

log P = A – B/(T/K) (1) ln P = A – B/(T/K) (1a)
log P = A – B/(C + t/°C) (2) ln P = A – B/(C + t/°C) (2a)
log P = A – B/(C + T/K) (3)
log P = A – B/(T/K) – C·log (T/K) (4)

Spencer et al. 1979 Kim et al. 1984

gas saturation-GC gas saturation-GC

t/°C P/Pa t/°C P/Pa

24.9 0.00229 25.4 0.00205
30.0 0.00529 30.1 0.00489
34.9 0.00960 34.3 0.00879
38.6 0.0148 38.5 0.0150
39.7 0.0164 41.7 0.0202
41.7 0.0207 45.1 0.0278
45.1 0.0291 20 0.00084#

25 0.0020#
mp/°C 34.6 #extrapolated
eq. 1 P/mmHg eq. 1 P/mmHg
A 14.37 A 9.9035
B 5700 B 4063.65

∆HV = 109.2 kJ/mol

above the melting point
eq. 1 P/mmHg
A 10.61
B 4543

∆HV = 87.03 kJ/mol

FIGURE 18.1.1.65.1 Logarithm of vapor pressure versus reciprocal temperature for parathion-methyl.

Parathion-methyl: vapor pressure vs. 1/T
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18.1.1.66 Pentachlorophenol

(See also chapter 14. Phenolic Compounds)

Common Name: Pentachlorophenol
Synonym: chlorophen, PCP, penchlorol
Chemical Name: pentachlorophenol
Uses: insecticide/fungicide/herbicide; control of termites; as wood preservatives to protect against fungal rots and wood

boring insects; as a pre-harvest defoliant in cotton; and also as a general pre-emergence herbicide.
CAS Registry No: 87-86-5
Molecular Formula: C6Cl5OH
Molecular Weight: 266.336
Melting Point (°C): 

191 (Firestone 1977; Weast 1982–83; Hartley & Kidd 1987)
187 (Schmidt-Bleek et al. 1982)
174 (Lide 2003)

Boiling Point (°C): 
310 (Verschueren 1977, 1983; Callahan et al. 1979)
309–310 (Hartley & Kidd 1987)
310 (dec, Lide 2003)

Density (20°C, g/cm3): 
1.987 (Firestone 1977)
1.978 (Schmidt-Bleek et al. 1982; Verschueren 1983)
1.980 (22°C, Hartley & Kidd 1987)

Dissociation Constant, pKa:
4.80 (Blackman et al. 1955; Sillén & Martell 1971; McLeese et al. 1979; Kaiser et al. 1984)
5.0 (Farquharson et al. 1958; Renner 1990)
4.92 (Doedens 1967; Jones 1981; Bintein & Devillers 1994)
4.74 (Drahonovsky & Vacek 1971; Callahan et al. 1979; Ugland et al. 1981; Könemann 1981; Könemann

& Musch 1981; Dean 1985; Westall et al. 1985; Lagas 1988; Renner 1990; Lee et al. 1990,91)
4.71 (Cessna & Grover 1978; Saarikoski & Viluksela 1982; Saarikoski et al. 1986; Tratnyek & Hoigné

1991)
5.30 (Gebefügi et al. 1979; Xie 1983; Schellenberg et al. 1984)
4.70 (Crosby 1981; Hoigné & Bader 1983)
5.20 (Renberg 1981; Renner 1990; Larsson et al. 1993)
4.90 (Xie & Dryssen 1984; Xie et al. 1986; Shigeoka et al. 1988; Söderström et al. 1994)
4.75 (Leuenberger et al. 1985)
4.60 (Nendza & Seydel 1988)

Molar Volume (cm3/mol):
207.9 (calculated-Le Bas method at normal boiling point)
134.3 (calculated-density)

Enthalpy of Fusion, ∆Hfus (kJ/mol): 
17.154 (Plato & Glasgow 1969)

Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming∆Sfus = 56 J/mol K) F: 0.0345 (mp at 174°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

15.4 (gravimetric, Carswell & Nason 1938)
18 (27°C, gravimetric, Carswell & Nason 1938)
9.59 (shake flask-UV, at pH 5.1, Blackman et al. 1955)

OH
Cl

Cl
Cl

Cl

Cl
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14 (20°C, shake flask-UV, at pH 3.0, Bevenue & Beckman 1967)
10 (shake flask-gravimetric, at pH 5.0, Toyota & Kuwahara 1967)
14 (gravimetric at pH 5.0, Toyota & Kuwahara 1967)
20–25 (selected, Günther et al. 1968;)
20 (30°C, Firestone 1977)
14 (20°C, Verschueren 1977, 1983)
20 (20°C, Körte et al. 1978)
14 (Kenaga & Goring 1980; Geyer et al. 1982; McKim et al. 1985)
14, 20–25 (selected lit. values, Geyer et al. 1980, Geyer et al. 1984)
15 (23°C, Klöpffer et al. 1982)
20 (20°C, Schmidt-Bleek et al. 1982)
5–10 (at pH 5–6 in contaminated water, Goerlitz et al. 1985)
14 (recommended at pH 4.5–5.5, IUPAC 1985)
80 (20°C, Hartley & Kidd 1987)
41 (predicted-MCI χ, Nirmalakhandan & Speece 1988)
8 ± 2 (shake flask-UV at pH 2.5, Valsaraj et al. 1991) 
32 ± 3 (shake flask-UV at pH 5.0, Valsaraj et al. 1991) 
19 (quoted, Müller & Klein 1992)
18.4 (shake flask-HPLC/UV, at pH 4.8, Ma et al. 1993)

Vapor Pressure (Pa at 25°C or as indicated):

0.0227 (20°C, static method, Carswell & Nason 1938)
0.0147 (20°C, Bevenue & Beckman 1967)
0.231 (supercooled liq. extrapolated-Antoine eq., Weast 1976–77)
0.10 (Weast 1972–73)
0.0211 (Chiou & Freed 1977)
0.0213 (Firestone 1977)
0.0147–0.0227 (20°C, Goll 1954; Bevenue & Beckman 1967; Neumüller 1974)
0.0956 (supercooled liquid, Hamilton 1980; quoted, Bidleman & Renberg 1985)
0.00415 (23°C, OECD, Klöpffer et al. 1982)
0.0093 (20°C, Schmidt-Bleek et al. 1982)
0.0147 (20°C, Verschueren 1983; Howard 1991)
0.1153 (extrapolated-Antoine eq., Boublik et al. 1984)
0.50 (20°C, quoted, Crossland & Wolff 1985)
0.115 (capillary GC-RT correlation, Bidleman & Renberg 1985)
0.127 (extrapolated-Antoine eq., Stephenson & Malanowski 1987)

Henry’s Law Constant (Pa m3/mol):

0.00248 (calculated-P/C, Hellmann 1987)
0.0127 (estimated-bond contribution, Hellmann 1987)
0.277 (calculated-P/C, Howard 1991)
0.079 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

5.01 (quoted unpublished result, Leo et al. 1971)
5.01 (Firestone 1977)
5.01, 5.12, 5.86, 3.81 (Hansch & Leo 1979)
5.01 (calculated, Veith et al. 1979b; McLeese et al. 1979)
2.97 (Veith et al. 1979)
3.69 (quoted from Kotzias 1980 unpublished result, Geyer et al. 1982)
4.16 (Rao & Davidson 1980)
5.10 (calculated-HPLC-k′ correlation, Butte et al. 1981)
5.19 (calculated-f const., Könemann 1981; Könemann & Musch 1981)
4.00, 0.0 (at pH 4, 8, Renberg 1981)
5.08 (RP-HPLC-k′ correlation, Miyake & Terada 1982)
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5.15 (shake flask-GC, Saarikoski & Viluksela 1982; Saarikoski et al. 1986)
5.05 (Kaiser & Valdmanis 1982)
4.84 (shake flask-GC, apparent value at pH 1.2, Kaiser & Valdmanis 1982) 
1.30 (shake flask-GC, apparent value at pH 10.5, Kaiser & Valdmanis 1982)
3.69 (Geyer et al. 1982, Schmidt-Bleek et al. 1982)
3.29 (shake flask average, OECD/EEC Lab. comparison tests, Harnisch et al. 1983)
5.01 (Verschueren 1983)
5.85 (calculated as per Leo et al. 1971, Xie 1983)
5.11 ± 0.07 (exptl.-ALPM, Garst & Wilson 1984)
3.69, 3.81 (shake flask, OECD 1981 guidelines, Geyer et al. 1984)
5.24 (shake flask-HPLC/UV, Schellenberg et al. 1984)
5.04, 5.08, 5.85, 5.22 (shake flask-GC, HPLC-k′, calculated-π const., calculated-f const., Xie et al. 1984;

Bintein & Devillers 1994)
5.05 (calculated, Xie & Dryssen 1984; quoted, Lagas 1988)
5.24 (OECD 1981 guidelines, Leuenberger et al. 1985)
4.71 (RP-HPLC-RT correlation, Chin et al. 1986)
2.50 (at pH 4.7, Geyer et al. 1987)
4.47 (CPC-RV correlation, Terada et al. 1987)
4.07 (OECD 81 method, Kerler & Schönherr 1988)
5.04 (HPLC-RT correlation, Shigeoka et al. 1988; quoted, Saito et al. 1993)
5.00 (batch equilibration-UV, Beltrame et al. 1988)
5.06 (calculated-CLOGP, Müller & Klein 1992)
5.01, 5.38 (quoted, calculated-original UNIFAC, Chen et al. 1993)
5.24 (EPA CLOGP Data Base, Hulzebos et al. 1993)
5.18 (recommended, LOGKOW databank, Sangster 1993)
5.06, 5.12 (COMPUTOX databank, Kaiser 1993)
5.12 (recommended, Hansch et al. 1995)

Bioconcentration Factor, log BCF:

3.75 (fish, Statham et al. 1976)
3.04 (fish, Körte et al. 1978)
2.89 (fathead minnow, 32-d exposure, Veith et al. 1979)
2.89 (fathead minnow, calculated value, Veith et al. 1979b)
2.64 (algae, calculated, Geyer et al. 1981)
2.00 (trout, Hattula et al. 1981)
3.04, 3.10, 3.02 (activated sludge, algae, golden orfe, Freitag et al. 1982)
2.54 (mussel Mytilus edulis, quoted average, Geyer et al. 1982)
3.69 (calculated-KOW, Mackay 1982)
1.60 (killifish, Trujillo et al. 1982) 
1.86, 1.72, 1.60 (low-PCP flowing, high-PCP flowing, high-PCP static soft water; Brockway et al. 1984) 
1.66, 1.62, 1.26 (low-PCP flowing, high-PCP flowing, high-PCP static hard water; Brockway et al. 1984) 
3.10 (alga chlorella fusca in culture flasks, Geyer et al. 1984)
3.10, 2.72 (algae: exptl, calculated-KOW, Geyer et al. 1984)
3.10, 3.02, 3.04 (algae, fish, sludge, Klein et al. 1984)
3.00 (quoted, LeBlanc 1984)
3.04, 3.10, 2.42 (activated sludge, algae, golden ide, Freitag et al. 1985)
0.57 (human fat, Geyer et al. 1987)
2.99 (zebrafish, Butte et al. 1987)
0.46 (15°C, initial concn. 1.0 mg/L uptake by Allolobophora caliginosa at 24 hours, Haque & Ebing 1988)
0.38 (15°C, initial concn. 10.0 mg/L uptake by Allolobophora caliginosa at 24 h, Haque & Ebing 1988)
0.80 (whole Allolobophora caliginosa/soil, uptake from soil after 131 d-exposure in outdoor lysimeters,

Haque & Ebing 1988)
1.35 (whole Lumbricus terrestris/soil, uptake from soil after 131 d-exposure in outdoor lysimeters, Haque

& Ebing 1988)
2.80, 2.63 (earthworm E. fetida andrei: in Kooyenburg soil, Holten soil, van Gestel & Ma 1988)
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–2.66 (daily intake/cow adipose tissue, Travis & Arms 1988)
4.10 (rainbow trout, field bioaccumulation, Thomann 1989)
4.38, 4.50, 4.53, 4.90 (earthworm system, Connell & Markwell 1990)
4.00, 5.30, 3.40, 8.00 (earthworm system, derived data, Connell & Markwell 1990)
2.97 (P. hoyi, Landrum & Dupuis 1990)
2.11 (M. relicta, Landrum & Dupuis 1990)
2.16–2.53 (soft tissue of freshwater mussel, Mäkelä & Oikari 1990)
2.33; 3.21 (flagfish: whole fish; fish lipid, Smith et al. 1990)
2.78, 2.11, 1.72 (goldfish at pH 7, pH 8, pH 9, Stehly & Hayton 1990)
2.89, 1.11 (fathead minnow, bluegill; Saito et al. 1992)
3.0, 3.4, 3.9, 4.0 (perch bile to water, Söderström et al. 1994)

Sorption Partition Coefficient, log KOC: 

2.95 (soil, calculated-KOW, Kenaga & Goring 1980)
3.11–5.65 (soil, calculated-KOW, model of Karickhoff et al. 1979, Sabljic 1987a, b)
3.17–4.54 (soil, calculated-KOW, model of Kenaga & Goring 1980, Sabljic 1987a, b)
3.37–3.69 (soil, calculated-KOW, model of Briggs 1981, Sabljic 1987a, b)
3.00–5.54 (soil, calculated-KOW, model of Means et al. 1982, Sabljic 1987a, b)
2.21–4.49 (soil, calculated-KOW, model of Chiou et al. 1983, Sabljic 1987a, b)
4.52 (sediment, Schellenberg et al. 1984)
2.95, 2.41 (quoted, calculated-MCI χ, Gerstl & Helling 1987)
3.73 (quoted average of Kenaga & Goring 1980 and Schellenberg et al. 1984 values, Sabljic 1987a, b)
3.46 (soil, calculated-MCI χ, Sabljic 1987a, b)
2.95 (soil, calculated-MCI χ, Bahnick & Doucette 1988)
4.04 (estimated, HPLC-k′ correlation, Hodson & Williams 1988)
4.40 (calculated, Lagas 1988)
3.10, 3.26 (totally dissociated as phenolate-calculated, Lagas 1988)
5.27, 5.71 (Bluepoint soil at pH 7.8, pH 7.4, Bellin et al. 1990)
5.58, 5.52 (Glendale soil at pH 7.3, pH 4.3, Bellin et al. 1990)
3.49, 3.57 (Norfolk soil at pH 4.3, pH 4.4, Bellin et al. 1990)
4.32–4.65 (Norfolk + lime soil at pH 6.9, Bellin et al. 1990)

Environmental Fate Rate Constants, k, and Half-Lives, t½:

Volatilization/evaporation: t½ = 84 h from the rate of loss experiment on watch glass for an exposure period of
192 h (Dobbs & Grant 1980); 
k = 0.028 d–1 for nondissociated PCP, assuming diffusion coefficient in air to be 7 × 10–6 m2/s and in water

7 × 10–10 m2/s with wind speed 0.1 m above the pond is 2 m/s and the average temperature is 15°C for
water depth of 1 m (Crossland & Wolff 1985); 

calculated rate constant k = 5 × 10–4 d–1 to 1 × 10–7 d–1 for total PCP (Crossland & Wolff 1985).
Photolysis: calculated photolysis t½ = 4.75 h from observed rate k = 3.4 × 10–4 s–1 for a depth of 300 cm at pH

7 with light intensity of 0.04 watts/cm2 between 290 and 330 nm on a midsummer day at the latitude of
Cleveland, Ohio (Hiatt et al. 1960; quoted, Callahan et al. 1979); 
photolysis t½ = 1.5 d was estimated from photolytic destruction by sunlight in an aqueous solution at Davis,

California (Wong & Crosby 1978; quoted, Callahan et al. 1979); 
exposure of aqueous PCP solutions to either sunlight or laboratory ultraviolet light resulted in rapid

degradation at pH 7.3 and slower degradation at pH 3.3 (Wong & Crosby 1981); 
photolytic t½ = 10–15 d (Brockway et al. 1984); 
k = 0.23 to 0.46 d–1 for direct photo-transformation, is the main loss process for PCP from ponds, with

t½ = 1.5 to 3.0 d (Crossland & Wolff 1985); 
photo-transformation rate constant k = 0.6 h–1 with t½ = 1 h for distilled water in summer (mean temperature

25°C) and k = 0.37 h–1 with t½ = 2 h in winter (mean temperature 11°C); k = 0.37 h–1 with t½ = 2 h for
both poisoned estuarine water and estuarine water in summer and k = 0.27 h–1 with t½ = 3 h in winter
during days when exposed to full sunlight and microbes (Hwang et al. 1986); 

photo-mineralization rate constant k = 0.11 h–1 with t½ = 6 d for distilled water in summer (mean temperature
25°C) and k = 0.049 h–1 with t½ = 14 d in winter (mean temperature 11°C); k = 0.12 h–1 with t½ = 6 d
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for poisoned estuarine water in summer and k = 0.07 h–1 with t½ = 10 d in winter; k = 0.25 h–1 with
t½ = 10 d for estuarine water in summer and 0.10 h–1 with half-life of 7 d for winter during days when
exposed to full sunlight and microbes (Hwang et al. 1986); 

phototransformation t½ = 0.75 h in Xenotest 1200 (Svenson & Björndal 1988); 
aqueous photolysis t½ = 1–110 h (Hwang et al. 1986; Sugiura et al. 1984; selected, Howard et al. 1991); 
t½ = 7.43 d assuming a linear rate of photolysis during 96-h period (Smith et al. 1987); 
photodegradation rate constant k = 0.60 h–1 corresponding to t½ = 1.0 h (summer), k = 0.37 h–1 corresponding

to t½ = 2 h (winter) in distilled water; and k = 0.37 h–1 corresponding to t½ = 2 h (summer), k = 0.27 h–1

corresponding to t½ = 3.0 h (winter) in estuarine water under irradiation by natural sunlight (quoted from
Hwang et al. 1987, Sanders et al. 1993).

Oxidation: rate constant k >> 3.0 × 105 M–1·s–1 for the reaction with ozone in water at pH 2.0 (Hoigné & Bader
1983); 
photooxidation t½ = 66–3480 h in water, based on reported reaction rate constants for reaction of OH and

RO2 radicals with phenol class in aqueous solution (Mill & Mabey 1985; Guesten et al. 1981; quoted,
Howard et al. 1991); 

photooxidation t½ = 139.2–1392 h, based on an estimated rate constant for the vapor-phase reaction with
hydroxyl radicals in air (Atkinson 1987; quoted, Howard et al. 1991); 

rate constant k = (0.2 ± 5.5) × 106 M–1·s–1 for the reaction with singlet oxygen in aqueous phosphate buffer
at (27 ± 1)°C (Tratnyek & Hoigné 1991); 

atmospheric t½ < 24 h at noon in mid-summer to t½ = 216 h in January at latitude of 41.79°N for reaction
with OH radicals (Bunce et al. 1991).

Hydrolysis: is not expected to occur (Crossland & Wolff 1985).
Biodegradation: t½ = 1800–2160 h and 480-∞ h to obtain 75% degradation in mineral medium and seawater,

respectively (De Kreuk & Hanstveit 1981); 
aqueous aerobic t½ = 552–4272 h, based on unacclimated and acclimated aerobic sediment grab sample data

(Delaune et al. 1983; Baker & Mayfield 1980; quoted, Howard et al. 1991); 
aqueous anaerobic t½ = 1008–36480 h, based on unacclimated anaerobic grab sample data for soil and

ground water (Ide et al. 1972; Baker & Mayfield 1980; quoted, Howard et al. 1991); 
aerobic degradation rate constant k = 0.0017 L µg–1·d–1 (Moos et al. 1983); 
microbial degradation negligible in darkness (Hwang et al. 1986); 
degradation rate constant k = 0.12 ± 0.01 h–1 in the absence of light (Minero et al. 1993).

Biotransformation: degradation rate k = 3 × 10–14 mol·cell–1·h–1 with microorganisms in Seneca River waters
(Banerjee et al. 1984).

Bioconcentration Uptake (k1) and Elimination (k2) Rate Constants:
k1 = 18.3 h–1, 19 h–1 (at 1 mM buffer concn), 18.5 h–1 (at 10 mM buffer concn) at pH 8 (guppy P. reticulata

Peters, Saarikoski et al. 1986)
k1 = 222 d–1, 1677 d–1 (flagfish: whole fish; fish lipid, Smith et al. 1990)
k2 = 1.03 d–1, 1.03 d–1 (flagfish: whole fish; fish lipid, Smith et al. 1990)
k2 = 1.03 d–1, 0.95 d–1 (flagfish: BCF based, toxicity based, Smith et al. 1990)
k2 = 0.00195 ± 0.00063 h–1 (M. relicta, Landrum & Dupuis 1990)
k2 = 0.00330 ± 0.00140 h–1 (P. hoyi, Landrum & Dupuis 1990)

Half-Lives in the Environment:

Air: t½ = 139.2–1392 h, based on an estimated rate constant for the vapor-phase reaction with hydroxyl radicals
in air (Howard et al. 1991); 
photolysis t½ = 6.5 h in noonday summer sunshine (Howard 1991); 
t½ = 216 h at latitude of 43.70°N at noon in January to t½ < 24 h in mid-summer for reaction with hydroxyl

radicals (Bunce et al. 1991).
Surface water: calculated photolysis t½ = 4.75 h from a determined rate k = 3.4 × 10–4 s–1 for a depth of 300 cm

at pH 7 with light intensity of 0.04 watts/cm2 between 290 and 330 nm on a midsummer day at the latitude
of Cleveland, Ohio (Hiatt et al. 1960; quoted, Callahan et al. 1979); 
photolysis t½ = 1.5 d was estimated from photolytic destruction by sunlight in an aqueous solution at Davis,

California (Wong & Crosby 1978; quoted, Callahan et al. 1979); 
photolytic t½ = 10–15 d (Brockway et al. 1984); 
rate constant k >> 3.0 × 105 M–1 s–1 for the reaction with ozone at pH 2.0 (Hoigné & Bader 1983); 
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t½ = 1.5 to 3.0 d for direct photo-transformation from outdoor ponds (Crossland & Wolff 1985); 
t½ = 1 h in summer, t½ = 2 h in winter for distilled water; t½ = 2 h in summer, t½ = 3 h in winter for estuarine

water; t½ = 2 h in summer, t½ = 3 h in winter for poisoned estuarine water, based on photo-transformation
rate constants (Hwang et al. 1986); 

t½ = 6 d in summer, t½ = 14 d in winter for distilled water; t½ = 3 d in summer, t½ = 7 d in winter for
estuarine water; t½ = 6 d in summer, t½ = 10 d in winter for poisoned estuarine water, based on photo-
mineralization rate constants (Hwang et al. 1986); 

t½ = 0.75 h and 0.96 h, based on photochemical transformation in Xenotest 1200 (Svenson & Björndal 1988); 
t½ = 1–110 h, based on aqueous photolysis half-life (Howard et al. 1991); 
photodegradation half-lives ranging from hours to days, more rapid at the surface (Howard 1991);
photodegradation t½ = 1.0 h in summer, 2.0 h in winter in distilled water and t½ = 2.0 h in summer, 3.0 h

in winter in estuarine water under irradiation by natural sunlight (quoted from Hwang et al. 1987, Sanders
et al. 1993).

Ground water: t½ = 1104–36,480 h, based on estimated unacclimated aqueous aerobic sediment grab sample
data (Delaune et at. 1983; selected, Howard et al. 1991) and unacclimated anaerobic grab sample data for
ground water (Baker & Mayfield 1980; selected, Howard et al. 1991).

Sediment:
Soil: disappearance t½ = 23.2 d from Kooyenburg soil, t½ = 47.9 d from Holten soil with earthworm E. fetida

andrei and t½ = 27.4 d from Kooyenburg soil, t½ = 31.8 d from Holten soil with earthworm L. rubellus (van
Gestel & Ma 1988); 
t½ = 552–4272 h, based on estimated unacclimated aqueous aerobic biodegradation half-life (Howard et al.

1991); 
t½ = 12.0 d in an acidic clay soil with <1.0% organic matter and t½ = 6.7 d in a slightly basic sandy loam

soil with 3.25% organic matter, based on aerobic batch lab. microcosm experiments (Loehr & Matthews
1992).

Biota: biological t½ ~ 30 d in guppy Lebistes reticulatus (Landner et al. 1977); 
elimination t½ = 23, 9.3, 6.9, and 6.2 h for fat, liver muscle, and blood, respectively (rainbow trout, Call

et al. 1980); 
estimated t½ = 7.0 d in trout (Niimi & Cho 1983; quoted, Niimi & Palazzo 1985); 
clearance from flagfish: t½ = 0.68 d from whole fish and t½ = 0.68 d from fish lipid (Smith et al. 1990). 
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18.1.1.67 Permethrin

Common Name: Permethrin
Synonym: Ambush, Dragnet, Ectiban, Exmin, FMC 33297, FMC 41665, ICI-PP 557, Kafil, Kestrel, NDRC-143, NIA

33297, Niagara 33297, Outflank, Outflank-stockade, Perthrine, Picket, Pounce, Pramex, S 3151, SBP-1513, Talcord,
WL 43479

Chemical Name: 3-phenoxybenzyl (1RS, 3RS; 1RS, 3SR)-3(2,2-dichlorovinyl)-2,2-dimethylcyclo-propanecarbo-xylate;
3-(2,2-dichloroethenyl)-2,2-dimethylcyclopropanecarboxylic acid (3-phenoxyphenyl)methyl ester

Uses: insecticide to control overwintering forms of spider mites, aphids, and scale insects on fruit trees, vines, olives,
bananas and ornamentals; used as herbicides to control grass and broadleaf weeds in umbelliferous crops, and in
tree nurseries; also used as acaricide and surfactant.

CAS Registry No: 52645-53-1
Molecular Formula: C21H20Cl2O3

Molecular Weight: 391.288
Melting Point (°C): 

liquid (tech. grade, Worthing & Hance 1991)
34 (Lide 2003)

Boiling Point (°C):
200 (at 0.01 mmHg, Hartley & Kidd 1987; Milne 1995)
200 (tech. grade at 0.1 mmHg, Worthing & Hance 1991; Tomlin 1994)
220 (at 0.05 mmHg, Montgomery 1993)
>290 (Tomlin 1994)

Density (g/cm3 at 20°C): 
1.19–1.27 (Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994; Milne 1995)
1.214 (tech. grade at 25°C, Worthing & Hance 1991)

Molar Volume (cm3/mol):
431 (calculated-Le Bas method at normal boiling point)
318.1 (calculated-density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.816 (mp at 34°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

0.20 (Martin & Worthing 1977)
0.04 (shake flask-GC, Coats & O’Donnell-Jefferey 1979)
~ 0.2 (Spencer 1982)
0.05 (in seawater, Schimmel et al. 1983; Zaroogian et al. 1985; Clark et al. 1989)
0.20 (20°C, Hartley & Kidd 1987; Tomlin 1994)
0.20 (30°C, Worthing & Walker 1987, 1991)
0.006 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.2 (20°C, Montgomery 1993; Milne 1995)

Vapor Pressure (Pa at 25°C or as indicated. Additional data at other temperatures designated * are compiled at the 
end of this section):

4.8 × 10–6 (cis isomer, Barlow 1978)
4.9 × 10–6 (cis isomer, Wells et al. 1986)
3.7 × 10–6 (trans isomer, Barlow 1978)
3.1 × 10–6 (trans isomer, Wells et al. 1986)
4.5 × 10–5 (Hartley & Kidd 1987; Tomlin 1994)

Cl

Cl
O

O
O
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1.0 × 10–5 (cis isomer, GC-RT correlation, supercooled liquid PL, Hinckley et al. 1990)
8.1 × 10–6 (trans isomer, GC-RT correlation, supercooled liquid PL, Hinckley et al. 1990)
1.3 × 10–6 (tech. grade at 20°C, Worthing & Hance 1991)
2.5 × 10–6 (pure cis isomer at 20°C, Worthing & Hance 1991; Montgomery 1993; Tomlin 1994)
1.5 × 10–6 (pre trans isomer at 20°C, Worthing & Hance 1991; Tomlin 1994)
1.7 × 10–6 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
1.4 × 10–5* (cis isomer, Knudsen effusion, measured range 40–80°C, Goodman 1997)
8.71 × 10–6 (solid PS, converted from PL determined by GC-RT correlation, Tsuzuki 2001)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.0867 (wetted wall column-GC, Fendinger & Glotfelty 1990)
2.50 × 10–5 (calculated-bond contribution method, Meylan & Howard 1991)
0.00486 (20°C, calculated-P/C, Montgomery 1993)
0.0157 (20–25°C, calculated-P/C, Majewski & Capel 1995)

Octanol/Water Partition Coefficient, log KOW:

3.49 (shake flask-GC, Coats & O’Donnell-Jefferey 1979)
6.60 (calculated, Briggs 1981)
6.50 (shake flask-GC, Schimmel et al. 1983)
6.2 ± 0.9 (cis-form, HPLC-RT correlation, Muir et al. 1985)
5.7 ± 0.7 (trans-form, HPLC-RT correlation, Muir et al. 1985)
6.10 (tech. grade at 20°C, Worthing & Hance 1991; Tomlin 1994)
6.67 (HPLC-RT correlation, Hu & Leng 1992)
2.88–6.10 (Montgomery 1993)
6.50 (recommended, Sangster 1993)
6.10 (Milne 1995)
5.85 (RP-HPLC-RT correlation, Finizio et al. 1997)
5.73 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)

Bioconcentration Factor, log BCF:

3.18 (calculated-S, Kenaga 1980)
3.28 (Schimmel et al. 1983)
3.23, 3.49, 3.52 (Pimephales promelas, Spehar et al. 1983;)
1.49–1.84 (trans-form on sediment, 24 h BCF for chironomid larvae in water, Muir et al. 1985)
1.08–2.13 (trans-form on sediment, 24 h BCF for chironomid larvae in sediment, Muir et al. 1985)
0.95–1.70 (trans-form on sediment, 24 h BCF for chironomid larvae in sediment/pore water, Muir et al. 1985)
0.90–2.22 (cis-form on sediment, 24 h BCF for chironomid larvae in water, Muir et al. 1985)
1.46–2.62 (cis-form on sediment, 24 h BCF for chironomid larvae in sediment, Muir et al. 1985)
1.32–2.47 (cis-form on sediment, 24 h BCF for chironomid larvae in sediment/pore water, Muir et al. 1985)
4.71, 4.83 (oyster, calculated-KOW & models, Zaroogian et al. 1985)
4.71, 4.83 (sheepshead minnow, calculated-KOW & models, Zaroogian et al. 1985)
3.29, 3.39 (Oncorhynchus mykiss, Muir et al. 1994; quoted, Devillers et al. 1996)
2.79 (quoted, Pait et al. 1992)

Sorption Partition Coefficient, log KOC: 

4.03 (calculated-S, Kenaga 1980)
2.76 (cis-form, silt, KP on 34% DOC, Muir et al. 1985)
2.64 (cis-form, clay, KP on 77% DOC, Muir et al. 1985)
2.64 (trans-form, silt, KP on 23% DOC, Muir et al. 1985)
2.64 (trans-form, clay, KP on 0% DOC, Muir et al. 1985)
5.25 (soil, calculated-χ and fragment contribution, Meylan et al. 1992)
5.00 (soil, 20–25°C, selected, Wauchope et al. 1992; Lohninger 1994; Hornsby et al. 1996)
1.32–2.79 (Montgomery 1993)
4.80 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
4.42, 4.35 (soils: organic carbon OC ≥ 0.1%, OC ≥ 0.5%, average, Delle Site 2001)

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3955

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: photodegradation rate constant k = 1.73 × 10–3 min–1 and t½ = 400 min with TiO2 as catalyst after

20 h irradiation at 222 nm (Hidaka et al. 1992).
Oxidation:
Hydrolysis:
Biodegradation:

k = 1.24 × 10–2 h–1 by bacteria strain A. sobria with t½ = 56 h, k = 1.13 × 10–2 h–1 by E. carotovora with
t½ = 61 h, k = 8.66 × 10–3 h–1 by Y. frederiksenii with t½ = 80 h and k = 1.43 × 10–3 h–1 for the control,
uninoculated solution with t½ = 485 d in aqueous soil-fee phase (cis-permethrin, Lee et al. 2004)

k = 1.50 × 10–2 h–1 by A. sobria with t½ = 45 h, k = 1.51 × 10–2 h–1 by E. carotovora with t½ = 46 h,
k = 1.85 × 10–2 h–1 by Y. frederiksenii with t½ = 37 h and k = 2.85 × 10–3 h–1 for the control, uninoculated
solution with t½ = 259 d in aqueous soil-fee phase (trans-permethrin, Lee et al. 2004)

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k1 = 1.5–2.3 h–1 (Chironomus tentans larvae in pond sediment-water system for trans-permethrin, 96-h
exposure, Muir et al. 1983)

k1 = 1.50 h–1 (Chironomus tentans larvae in river sediment-water system for trans-permethrin, 96-h exposure,
Muir et al. 1983)

k1 = 3.3–12.1 h–1 (Chironomus tentans larvae in sediment (sand)-water system for trans-permethrin, 96-h
exposure, Muir et al. 1983)

k1 = 4.9–14.7 h–1 (Chironomus tentans larvae in sediment (sand)-water system for trans-permethrin, 96-h
exposure, calculated by using initial uptake data of 0–12 h, Muir et al. 1983)

k2 = 0.041 h–1 (Chironomus tentans larvae in pond sediment-water system for trans-permethrin, calculated
by concentration decay curve, Muir et al. 1983)

k2 = 0.021 h–1 (Chironomus tentans larvae in sediment (sand)-water system for trans-permethrin, calculated
by concentration decay curve, Muir et al. 1983)

Half-Lives in the Environment:

Air:
Surface water: t½ > 21 d in 100 mL pesticide-seawater solution under indoor conditions, t½ = 14 d under outdoor

light conditions and t½ > 14 d under outdoor dark conditions (Schimmel et al. 1983);
biodegradation half-lives by bacteria strains: t½ = 56 h by A. sobria, t½ = 61 h by E. carotovora, t½ = 80 h

by Y. frederiksenii and t½ = 485 d for the control, uninoculated solution for cis-permethrin; t½ = 45 h by
A. sobria, t½ = 46 h by E. carotovora, t½ = 37 h by Y. frederiksenii and t½ = 259 d for the control,
uninoculated solution for trans-permethrin (Lee et al. 2004)

Ground water:
Sediment: half-lives in 10 grams sediment/100 mL pesticide-seawater solution: t½ < 2.5 d for untreated sediment

and t½ > 28 d for sterile sediment (Schimmel et al. 1983).
Soil: reported t½ < 38 d in soil containing 1.3–51.3% organic matter at pH 4.2–7.7 (Holmstead et al. 1978; quoted,

Worthing & Hance 1991; Montgomery 1993; Tomlin 1994); 
selected field t½ = 30 d (Wauchope et al. 1992; Hornsby et al. 1996); 
soil t½ = 30 d (Pait et al. 1992); 
t½ = 32 d for forest soil (Dowd et al. 1993).

Biota: elimination t½ ~ 16.7 h in pond sediment-water, t½ = 32.9 h in sand-water systems (Chironomus tentans
larvae, Muir et al. 1983)
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TABLE 18.1.1.67.1
Reported vapor pressures of cis-permethrin at
various temperatures

Goodman 1997

Knudsen effusion 

t/°C P/Pa

40 1.4 × 10–5

50 1.10 × 10–4

60 5.30 × 10–4

70 2.30 × 10–3

80 8.90 × 10–3

log P = A – B/(T/K)
P/Pa

A 18.70
B 7677

FIGURE 18.1.1.67.1 Logarithm of vapor pressure versus reciprocal temperature for cis-permethrin.

cis -Permethrin: vapor pressure vs. 1/T
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18.1.1.68 Phenthoate

Common Name: Phenthoate
Synonym: Cidial, Elsan
Chemical Name: ethyl 2-dimethoxyphosphinothioylthio(phenyl)acetate; ethyl 2-dimethoxy-thiophosphorylthio-

2-phenylacetate; S-α-ethoxycarbonylbenzyl O,O-dimethyl phosphorodithioate; ethyl α-[(dimethoxy-phosphi-
nothioyl)thio]benzeneacetate

Uses: insecticide to control aphids, scale insects, jassids, lepidopterous larvae, bollworms, mealybugs, psyllids, thrips,
spider mites, etc. in citrus fruit, pome fruit, olives, cotton, cereals, rice, coffee, tea, sunflower, sugar cane, tobacco,
ornamentals, and vegetables; also used as acaricide and for control of mosquito larvae.

CAS Registry No: 2597-03-7
Molecular Formula: C12H17O4PS2

Molecular Weight: 320.364
Melting Point (°C): 

17.5 (Khan 1980; Spencer 1982)
17–18 (Worthing & Hance 1991; Tomlin 1994)

Boiling Point (°C): 78–80 (Spencer 1982)
Density (g/cm3 at 20°C): 

1.226 (Hartley & Kidd 1987; Worthing & Hance 1991; Tomlin 1994)
Molar Volume (cm3/mol):

261.3 (calculated from density)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 K/ml K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

200 (Martin & Worthing 1977)
11 (20–25°C, shake flask-GC, Kanazawa 1981)
11 (20°C, Khan 1980; Hartley & Kidd 1987)
11 (24°C, Worthing & Walker 1987, 1991; Tomlin 1994)
11 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated):

0.005 (40°C, Hartley & Kidd 1987)
0.0053 (40°C, Worthing & Hance 1991; Tomlin 1994)
3.5 × 10–4 (20–25°C, selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)
9.77 × 10–4; 2.45 × 10–4, 6.76 × 10–4 (gradient GC method; estimation using modified Watson method: Sugden’s

parachor, McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol):

0.01019 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

2.89 (shake flask-GC, Kanazawa 1981)
3.96 (shake flask/slow stirring-GC, De Bruijn et al. 1991)
3.69 (Worthing & Hance 1991; Tomlin 1994)
3.32 (RP-HPLC-RT correlation, Saito et al. 1993)
3.69 (recommended, Hansch et al. 1995)
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Bioconcentration Factor, log BCF: 

1.49 (calculated-S, Kenaga 1980)
1.56 (topmouth gudgeon Pseudorasbora parva, Kanazawa 1981)
2.85 (whole body willow shiner after 168 h exposure, Tsuda et al. 1992)
1.57, 1.43, 1.30, 1.51 (whole body carp: 24 h, 72 h, 120 h and 168 h; Tsuda et al. 1993)

Sorption Partition Coefficient, log KOC: 

2.38 (soil, calculated-S, Kenaga 1980)
3.00 (20–25°C, estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants: 
excretion rate constant k = 0.05 h–1 from whole body willow shiner (Tsuda et al. 1992); 
excretion rate constant k = 0.52 h–1 with t½ = 1.3 h (Tsuda et al. 1993).

Half-Lives in the Environment:

Air:
Surface water:
Ground water:
Sediment:
Soil: selected field t½ = 11 d (Augustijn-Beckers et al. 1994; Hornsby et al. 1996); 

t½ = 10 d in silty clay loam and other soils (Tomlin 1994).
Biota: excretion rate constant k = 0.05 h–1 from whole body willow shiner (Tsuda et al. 1992); 

excretion rate constant k = 0.52 h–1 with t½ = 1.3 h (Tsuda et al. 1993).
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18.1.1.69 Phorate

Common Name: Phorate 
Synonym: AC 3911, American Cyanamid 3911, ENT 24042, Foraat, Gramitox, Granutox, Rampart, Thimate, Thimet,

Timet, Vegfu, Vergfru foratox
Chemical Name: O,O-diethyl-S-(ethylthio)methyl phosphorodithioate; O,O-diethyl-S-ethylmercaptomethyl dithiophos-

phate; phosphorodithioic acid O,O-diethyl S-((ethylthio)methyl) ester
Uses: insecticide to control mites, chewing and sucking insects in fruits and vegetables, cotton, and some ornamentals;

also used as acaricide and nematicide.
CAS Registry No: 298-02-2
Molecular Formula: C7H17O2PS3

Molecular Weight: 260.378
Melting Point (°C): 

–42.9 (Spencer 1982)
<–15 (Montgomery 1993; Lide 2003)

Boiling Point (°C): 
118–120 (at 0.8 mmHg, Hartley & Kidd 1987; Montgomery 1993; Milne 1995)
125–127 (at 2 mmHg, Budavari 1989; Milne 1995)
118–120 (tech. grade at 0.8 mmHg, Worthing & Hance 1991)

Density (g/cm3 at 20°C):
1.156 (25°C, Merck Index 1989; Montgomery 1993; Milne 1995)
1.167 (tech. grade at 25°C, Spencer 1982; Worthing & Hance 1991)

Molar Volume (cm3/mol):
259.9 (calculated-Le Bas method at normal boiling point)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

19 (26°C, 95% pure, shake flask-GC, Lord & Burt 1964)
14 (15°C, shake flask-GC, Lord & Burt 1964)
85 (Günther et al. 1968)
70 (Melnikov 1971; Briggs 1981)
50 (Spencer 1973, 1982)
50 (Martin & Worthing 1977; Hartley & Kidd 1987)
80–85 (Wauchope 1978)
20 (shake flask-GC, Felsot & Dahm 1979)
17.9 (20°C, shake flask-GC, Bowman & Sans 1979, 1983b)
50 (room temp., Worthing & Walker 1987; Budavari 1989, Milne 1995)
50 (tech. grade at room temp., Worthing & Hance 1991)
22 (20–25°C, selected, Wauchope 1989; Wauchope et al. 1992; Hornsby et al. 1996)
20 (24°C, Montgomery 1993)

Vapor Pressure (Pa at 25°C or as indicated):

0.112 (20°C, Wolfdietrich 1965; Spencer 1973, 1982)
0.25 (Woolford 1975) 
0.148 (gas saturation method, Sutherland et al. 1980)
0.074 (gas saturation-GC, Kim et al. 1984)
0.042 (20°C, extrapolated-Clausius-Clapeyron eq., Kim et al. 1984)
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0.0109 (20°C, GC-RT correlation, Kim et al. 1984; Kim 1985)
0.11 (20°C, Hartley & Kidd 1987)
0.112 (20°C, Budavari 1989; Montgomery 1993)
0.11 (GC-RT correlation method, Hinckley et al. 1990)
0.085 (tech. grade, Worthing & Hance 1991)
0.0853 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.769 (calculated-P/C, Jury et al. 1984, 1987a, 1990; Jury & Ghodrati 1989)
0.65 (20°C, calculated-P/C, Suntio et al. 1988)
0.648 (20–24°C, calculated-P/C, Montgomery 1993)
1.010 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

3.33 (shake flask-GC, Felsot & Dahm 1979)
2.92 (Rao & Davidson 1980)
4.26 (shake flask-UV, Lord et al. 1980)
4.26 (20°C, shake flask-GC, Briggs 1981)
3.83 (22°C, shake flask-GC, Bowman & Sans 1983b)
3.24 (shake flask, Log P Database, Hansch & Leo 1987)
3.92 (Worthing & Hance 1991)
2.91–3.92 (Montgomery 1993)
2.92 (recommended, Sangster 1993)
3.92 (Milne 1995)
3.56 (selected, Hansch et al. 1995)
4.25 (RP-HPLC-RT correlation, Finizio et al. 1997)
3.94 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)

Bioconcentration Factor, log BCF:

1.83, 2.34 (calculated-S, calculated-KOC, Kenaga 1980)
3.34 (earthworms, Lord et al. 1980)
–1.70 (vegetation, correlated-KOW, Travis & Arms 1988)

Sorption Partition Coefficient, log KOC:

3.51 (soil, Hamaker & Thompson 1972; Kenaga 1980; Kenaga & Goring 1980)
2.71 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980) 
2.82 (Rao & Davidson 1980; quoted, Jury et al. 1983, 1984, 1990)
2.82 (soil, sorption isotherm, converted form reported log KOM of 2.82, Briggs 1981)
2.32–3.60 (reported as log KOM, Mingelgrin & Gerstl 1983)
2.82 (screening model calculations, Jury et al. 1987a, b; Jury & Ghodrati 1989)
2.58, 2.88 (reported as log KOM, estimated as log KOM, Magee 1991)
2.73 (soil, Worthing & Hance 1991)
3.00 (soil, 20–25°C, estimated, Wauchope et al. 1992; Hornsby et al. 1996)
2.64 (estimated-QSAR & SPARC, Kollig 1993)
2.51–2.80 (Montgomery 1993)
2.82 (selected, Lohninger 1994)
2.70 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.70; 2.98, 3.12 (soil, quoted exptl.; estimated-class-specific model, estimated-general model, Gramatica et al.

2000)
2.63 (soil: organic carbon OC -0.5%, average, Delle Site 2001)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: 
Oxidation:
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Hydrolysis: neutral hydrolysis rate constant k = 7.2 × 10–3 h–1 with a calculated t½ = 96 h at pH 7 (Ellington et
al. 1987, 1988; quoted, Montgomery 1993); 
calculated rate constant k -100 × 10–12 cm3/molecule·s for the vapor-phase reaction with hydroxyl radical in

air (Winer & Atkinson 1990); 
t½ = 3.2 d at pH 7 and t½ = 3.9 d at pH 9 (Worthing & Hance 1991); 
rate constant k = 62 yr–1 at pH 7.0 and 25°C (Kollig 1993).

Biodegradation: t½ = 82 d for a 100 d leaching and screening test in 0–10 cm depth of soil (Rao & Davidson
1980; quoted, Jury et al. 1983); 
t½ = 82 d in soil (Jury et al. 1984, 1987a, b, 1990; Jury & Ghorati 1989); 
first-order rate constant k = –0.0403 h–1 in nonsterile sediment and k = –0.0209 h–1 in sterile sediment by

shake-tests at Range Point and first-order rate constant k = –0.0206 h–1 in nonsterile water and
k = –0.0186 h–1 in sterile water by shake-tests at Range Point (Walker et al. 1988); 

first-order rate constants k = –0.0241 h–1 in nonsterile sediment and k = –0.0185 h–1 in sterile sediment by
shake-tests at Davis Bayou and first-order rate constants k = –0.0262 h–1 in nonsterile water and
k = –0.0185 h–1 in sterile water by shake-tests at Davis Bayou (Walker et al. 1988).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water:
Ground water:
Sediment:
Soil: t½ = 68 d in a sandy soil (Way & Scopes 1968; quoted, Montgomery 1993); 

estimated persistence of 2 wk (Kearney et al. 1969; Edwards 1973; quoted, Morrill et al. 1982; Jury et al.
1987a); 

persistence of less than one month (Wauchope 1978); 
biodegradation t½ = 82 d in soil (Jury et al. 1984, 1987a, b, 1990; Jury & Ghodrati 1989; quoted, Montgomery

1993); 
t½ = 2–14 d (Worthing & Hance 1991); 
estimated field t½ = 60 d (Wauchope et al. 1992; quoted, Richards & Baker 1993; selected, Halfon et al.

1996; Hornsby et al. 1996); 
soil t½ = 25 d (Pait et al. 1992).

Biota: t½ = 1.4 d half-lives in coastal Bermuda grass and alfalfa (Leuck & Bowman 1970; quoted, Montgomery
1993) and t½ = 3.6 d (Dobson et al. 1960; quoted, Montgomery 1993); 
biochemical t½ = 82 d from screening model calculations (Jury et al. 1987a, b; Jury & Ghodrati 1989).
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18.1.1.70 Phosmet

Common Name: Phosmet
Synonym: APPA, Decemthion, Decemthion p-6, ENT 25,705, Ftalophos, Imidan, Percolate, Phthalophos, Prolate, R 1504,

Safidon, Smidan, Stauffer R-1504
Chemical Name: O,O-dimethyl S-phthalimidomethyl phosphorodithioate; N-dimethoxyphosphino-thioylthiome-

thyl)phthalimide; S-[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)methyl] O,O-dimethyl phosphorodithioate; phospho-
rodithioic acid, S-[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)methyl] O,O-dimethyl ester

Uses: nonsystemic acaricide and insecticide.
CAS Registry No: 732-11-6
Molecular Formula: C11H12NO4PS2

Molecular Weight: 317.321
Melting Point (°C):

72.0–72.7, 66.5–69.5 (pure, technical grade, Montgomery 1993; Tomlin 1994)
72 (Lide 2003)

Boiling Point (°C):
decompose rapidly >100°C (Montgomery 1993)

Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol):

263.3 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

30.96 (Plato & Glasgow 1969)
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.346 (mp at 72°C)

0.3 (20°C, Suntio et al. 1988)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

25 (Bright et al. 1950, Melnikov 1971; Spencer 1982)
25 (Hartley & Kidd 1987; Tomlin 1994; Milne 1995)
20 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
22–25 (Montgomery 1993)

Vapor Pressure (Pa at 25°C or as indicated):

6.03 × 10–4 (20°C, Freed et al. 1977)
0.133 (50°C, Spencer 1982; Hartley & Kidd 1987)
6.53 × 10–5 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
6.03 × 10–5, 0.133 (30, 50°C, Montgomery 1993)
6.50 × 10–5 (Tomlin 1994)
2.0 × 10–5; 5.90 × 10–5 (gradient GC method; quoted lit. value, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol):

9.50 × 10–4 (calculated-P/C, Suntio et al. 1988)
9.53 × 10–4 (calculated-P/C, Montgomery 1993)
7.62 × 10–4 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW:

2.83 (20°C, shake flask-GC, Chiou et al. 1977)
2.83 (Rao & Davidson 1980)
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2.78 (22°C, shake flask-GC, Bowman & Sans 1983)
2.81 (shake flask/slow stirring-GC, De Bruijn & Hermens 1991)
2.78–3.04 (Montgomery 1993)
2.78 (recommended, Sangster 1993)
2.95 (Tomlin 1994)
3.40 (Milne 1995)
2.78 (recommended, Hansch et al. 1995)
3.06 (RP-HPLC-RT correlation, Nakamura et al. 2001)

Bioconcentration Factor, log BCF: 

0.90 (bluegill sunfish/fathead minnows, Saito et al. 1992)
1.04 (channel catfish, Saito et al. 1992)
1.56 (av. whole body willow shiner after 24–168 h exposure, Tsuda et al. 1992)
0.23 (av. whole body carp after 24–168 h exposure, Tsuda et al. 1993)

Sorption Partition Coefficient, log KOC: 

2.91 (soil, Wauchope et al. 1992, Hornsby et al. 1996)
2.06, 2.34 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: t½ = 53.25 h for absorbance wavelength at 243 nm (Montgomery 1993).
Oxidation:
Hydrolysis: t½ = 7.2 d at pH 6.1 and t½ = 7.1 h at pH 7.4 at 20°C; t½ = 1.1 h at 37.5°C (Freed et al. 1979; quoted,

Montgomery 1993); 
t½ = 13 d at pH 4.5, t½ < 12 h at pH 7 and t½ < 4 h at pH 8.3 in buffered aqueous solution at 20°C (Montgomery

1993); 
t½ = 7.0 d at pH 6.1, and t½ = 7.1 h at pH 7.4 at 20°C (Lartiges & Garrigues 1995).

Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k2 = 0.28 h–1 (whole body willow shiner, Tsuda et al. 1992)

Half-Lives in the Environment:

Air:
Surface water: t½ = 33 d at 6°C, t½ = 5 d at 22°C in darkness for Milli-Q water at pH 6.1 (Lartiges & Garrigues

1995).
Ground water:
Sediment:
Soil: field t½ = 10 d (Wauchope et al. 1992; Hornsby et al. 1996).
Biota: t½ = 6.5 d in Bermuda grass (Montgomery 1993).
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18.1.1.71 Pirimicarb

Common Name: Pirimicarb
Synonym: Pirimor, Aphox, Abol, Aficida, Fernos, Rapid
Chemical Name: 2-dimethylamino-5,6-dimethylpyrimidin-4-yl dimethylcarbamate
CAS Registry No: 23103-98-2
Uses: insecticide
Molecular Formula: C11H18N4O2

Molecular Weight: 238.287
Melting Point (°C): 

90.5 (Spencer 1982; Hartley & Kidd 1987; Worthing 1987; Tomlin 1994; Lide 2003)
Boiling Point (°C): 
Density (g/cm3 at 20°C): 

1.21 (Tomlin 1994) 
Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.228 (mp at 90.5°C)

Water Solubility (g/m3 or mg/L at 25°C):

2700 (Kenaga 1980b; Spencer 1982; Hartley & Kidd 1987; Worthing & Walker 1987)
2000 (pH 4, 20°C, Tomlin 1994)
2700 (selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C):

0.004 (30°C, Spencer 1982. Hartley & Kidd 1987; Worthing & Walker 1987)
0.00097 (Tomlin 1994)
0.004 (selected, Augustijn-Beckers et al. 1994; Hornsby et al. 1996)

Henry’s Law Constant (Pa·m3/mol at 25°C):

Octanol/Water Partition Coefficient, log KOW:

1.70 (Tomlin 1994)
1.70 (recommended, Hansch et al. 1995)
1.70 (LOGPSTAR or CLOGP data, Sabljic et al. 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

0.845 (calculated-Solubility, Kenaga 1980b)

Sorption Partition Coefficient, log KOC: 

1.76 (soil, Kenaga 1980b)
1.57 (soil, estimated and selected value, Augustijn-Beckers et al. 1994)
1.36 (soil, estimated and selected, Hornsby et al. 1996)
1.90, 1.52 (soil: quoted, calculated-MCI χ, Meylan et al. 1992)
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1.90 (soil, calculated-MCI χ, Sabljic et al 1995)
1.90; 2.30, 1.80 (soil, quoted obs.; estimated-class-specific model, estimated-general model using molecular

descriptors, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: aqueous solutions are unstable to UV light with t½ < 1 d at pH 5.7 or 9 (Tomlin 1994).
Oxidation:
Hydrolysis:
Biodegradation: t½ = 7–234 d depending on soil type, organic matter ranging from 1.7–51.9% at pH 5.5–8.1

(Tomlin 1994).
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air:
Surface water: aqueous solutions are unstable to UV light with t½ < 1 d at pH 5.7 or 9 (Tomlin 1994).
Ground water:
Sediment:
Soil: t½ = 7–234 d depending on soil type, organic matter ranging from 1.7–51.9% at pH 5.5–8.1 (Tomlin 1994);

field t½ ~ 10 d (estimated, Augustijn-Beckers et al. 1994; Hornsby et al. 1996).
Biota:
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18.1.1.72 Propoxur

Common Name: Propoxur
Synonym: Baygon, Blattanex, Under, arprocarb, PHC, Sendran, Suncide, Aracarb, Tugon Fliegendugel 
Chemical Name: 2-(1-methylethoxy)phenol methyl carbamate
CAS Registry No: 114-26-1
Uses: insecticide to control cockroaches, flies, fleas, mosquitoes, bugs, ants, millipedes and other insect pests in food

storage areas, houses, animal houses, etc.; also to control sucking and chewing insects in fruits, vegetables,
ornamentals, vines, maize, lucerne, soya beans, cotton, sugar cane, rice cocoa, forestry, etc.

Molecular Formula: C11H15NO3

Molecular Weight: 209.242
Melting Point (°C)

91.50 (Spencer 1982; Howard 1991; Kühne et al. 1995)
84–87 (Montgomery 1993)
87 (Lide 2003)

Boiling Point (°C): 
Density (g/cm3 at 20°C): 
Molar Volume (cm3/mol): 

244.7 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.246 (mp at 87°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

2000 (20°C, Spencer 1973; 1982)
2000 (Kenaga 1980; Kanazawa 1981)
2000 (20°C, Worthing & Walker 1983, 1987, Worthing & Hance 1991)
1860 (20°C, shake flask-GC, Bowman & Sans 1983)
1800 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
1740, 1930, 2440 (10, 20, 30°C, Montgomery 1993)

Vapor Pressure (Pa at 25°C or as indicated):

1.333 (120°C, Melnikov 1971; Spencer 1973, 1982)
4.13 × 10–4 (20°C, Hartley & Graham-Bryce 1980)
4.13 × 10–5 (20°C, selected exptl. value from literature, Kim 1985)
0.0593, 0.0113 (20°C, GC-RT correlation, GC-RT correlation with mp correction, Kim 1985)
4.00 × 10–4 (20°C, Howard 1991)
1.69 × 10–3 (20–25°C, selected, Wauchope et al. 1992, Hornsby et al. 1996)
1.30 × 10–3 (20°C, Montgomery 1993; Siebers et al. 1994)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

0.1308 (20°C, calculated-P/C, Suntio et al. 1988)
4.46 × 10–5 (calculated-P/C, Howard 1991)
1.32 × 10–4 (calculated-P/C, Montgomery 1993)
1.40 × 10–4 (calculated-P/C, Siebers et al. 1994)
1.98 × 10–6 (calculated-P/C, this work)
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Octanol/Water Partition Coefficient, log KOW:

1.52 (shake flask-UV, Fujita et al. 1974)
1.50 (Hansch & Leo 1979)
1.45 (Rao & Davidson 1980)
1.52 (Kenaga & Goring 1980; Kanazawa 1981)
1.552 (shake flask-GC, Bowman & Sans 1983)
1.52 (Hansch & Leo 1985)
1.75 (RP-HPLC-RT correlation, Trapp & Pussemier 1991)
1.45–1.56 (Montgomery 1993)
1.52 (recommended, Sangster 1993)
1.52 (recommended, Hansch et al. 1995)
1.99 (RP-HPLC-RT correlation, Nakamura et al. 2001)

Bioconcentration Factor, log BCF:

0.924 (calculated, Howard 1991)

Sorption Partition Coefficient, log KOC: 

1.67 (measurements for average of 2 soils, Kanazawa 1981, 1989)
1.86 (calculated, Howard 1991)
1.48 (soil, Wauchope et al. 1992; Hornsby et al. 1996)
0.48–1.97 (Montgomery 1993)
1.48 (estimated-chemical structure, Lohninger 1994)
1.67 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
1.63, 1.88 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis: atmospheric and/or aqueous photolysis t½ = 62.5–87.9 h, based on measured rate of photolysis on

bean leaves in sunlight (Ivie & Casida 1971; quoted, Howard et al. 1991) and in aqueous solution under
simulated sunlight (Jensen-Korte et al. 1987; quoted, Howard et al. 1991); 
photolyze in water with t½ = 88 h and decreased with humic material to 13–41 h; t½ = 87.9 h in water when

irradiated with light >290 nm (Howard 1991).
Oxidation: photooxidation t½ = 0.71–7.1 h in air, based on estimated rate constant for the vapor-phase reaction

with hydroxyl radical in air (Atkinson 1987; quoted, Howard et al. 1991); 
vapor-phase photooxidation t½ = 4.3 h for reaction with ambient OH radical (Howard 1991).

Hydrolysis: t½ = 40 min at pH 10 and 20°C, hydrolyzes at a rate of 1.5% d–1 in 1% aqueous solution at pH 7
(Spencer 1982); 
t½ = 16, 1.6 and 0.17 d at pH 8, 9, 10, but stable between pH 3–7, t½ = 40 min at pH 10 (Howard 1991);
t½ = 290 d at pH 7, t½ = 17.9 d at pH 8 and t½ = 48 min at pH 10 (Montgomery et al. 1993);
hydrolysis t½ = 16 d, 1.6 d and 4.2 h in water at pH 8, 9 and 10 (Aly & El-Dib 1971; quoted, Montgomery

1993).
Biodegradation: aqueous aerobic t½ = 168–672 h, based on unacclimated aqueous aerobic screening test data

(Gummer 1979; Kanazawa 1987; quoted, Howard et al. 1991); aqueous anaerobic t½ = 672–2688 h, based
on estimated unacclimated aqueous aerobic biodegradation half-life (Howard et al. 1991); 

t½ = 44 d under aerobic conditions and t½ = 59 d under anaerobic conditions in water used a combination of
activated sludge, silt loam soil and sediment as an inoculum; t½ = 78 d under aerobic conditions and
t½ = 125 d under anaerobic conditions at pH 6.9 (Howard 1991).

Biotransformation: metabolism rate k = 3.70 × 10–3 h–1 leading to an irradiated moist soil t½ = 180 h (Graebing &
Chib 2004)

Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: t½ = 0.71–7.1 h, based on estimated rate constant for the vapor-phase reaction with hydroxyl radical in air
(Atkinson 1987; quoted, Howard et al. 1991); 
t½ ~ 4 h reacting with photochemically produced hydroxyl radical in air (Howard 1991).
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Surface water: t½ = 38–672 h, based on estimated hydrolysis half-life at pH 9 (Aly & El-Dib 1971; quoted,
Howard et al. 1991) and estimated unacclimated aqueous aerobic biodegradation half-life (Howard et al.
1991); 
t½ = 1 d to 1 wk by degradation, photolyze rapidly with t½ = 13 to 88 h (Howard 1991).

Ground water: t½ = 38–1344 h, based on estimated hydrolysis half-life at pH 9 (Aly & El-Dib 1971; quoted,
Howard et al. 1991) and estimated unacclimated aqueous aerobic biodegradation half-life (Howard et al. 1991).

Sediment:
Soil: t½ = 38–672 h, based on estimated hydrolysis half-life at pH 9 (Aly & El-Dib 1971; quoted, Howard et al.

1991) and estimated unacclimated aqueous aerobic biodegradation half-life (Howard et al. 1991)
Field t½ = 14–50 d (Wauchope et al. 1992)

On sandy loam soil: first-order rate constants for photolytic decline, k = 1.65 × 10–3 h–1 irradiated in moisture-
maintained soil, k = 0.91 × 10–3 h–1 irradiated in air-dried soil, k = 0.91 × 10–3 h–1 in dark control moist
soil and k = 0.23 × 10–3 h–1 in dark control air-dried sandy loam soil from Madia, CA. The initial
metabolism rate k = 3.70 × 10–3 h–1 leading to an irradiated moist soil t½ = 180 h; in the dark t½ = 380 h
in moist soil Graebing & Chib 2004)

Biota:
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18.1.1.73 Ronnel

Common Name: Ronnel
Synonym: Blitex, Dermafos, Dermaphos, dimethyl trichlorophenyl thiophosphate, Dow ET 14, Dow ET 57, Ectoral,

ENT 23284, Etrolene, Fenchlorfos, Fenchlorphos, Gesektin K, Karlan, Korlan, Nanchor, Nanker, Nankor, OMS
123, Phenchlorfos, Remelt, Rovan, trichlorometafos, Trolen, Trolene, Viozene

Chemical Name: O,O-dimethyl O-(2,4,5-trichlorophenyl)thiophosphate; O,O-dimethyl O-2,4,5-trichlorophenyl phos-
phorothioate; phosphoric acid O,O-dimethyl O-(2,4,5-trichlorophenyl)ester

Uses: insecticide. 
CAS Registry No: 299-84-3
Molecular Formula: C8H8Cl3O3PS
Molecular Weight: 321.546
Melting Point (°C):

40–42 (Spencer 1982) 
41 (Montgomery 1993; Milne 1995; Lide 2003)

Boiling Point (°C):
Density (g/cm3 at 20°C): 

1.48 (25°C, Montgomery 1993)
Molar Volume (cm3/mol):

257.3 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):

23.85 (Plato & Glasgow 1969)
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.697 (mp at 41°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

44 (Günther et al. 1968; Melnikov 1971)
1.08 (20°C, shake flask-GC, Chiou et al. 1977) 
1.08 (20–25°C, shake flask-GC/ECD, Freed et al. 1979)
2.5 (20°C, Spencer 1982)
0.60 (20°C, shake flask-GC, Bowman & Sans 1979, 1983) 
0.98 (20°C, corrected supercooled liq. value, shake flask-GC, Bowman & Sans 1979,83) 
6.0 (Dow Chemical unpublished data, Kenaga 1980a, b; Kenaga & Goring 1980)
40 (22°C, Khan 1980) 
1.0 (20°C, shake flask-HPLC, Ellgehausen et al. 1981) 
1.61 (20°C, selected, Suntio et al. 1988)
40 (Montgomery 1993; Milne 1995)

Vapor Pressure (Pa at 25°C or as indicated):

0.0533 (20°C, Eichler 1965; Melnikov 1971) 
0.0071 (20–25°C, Freed et al. 1979)
1.067 (Spencer 1982)
0.0017 (20°C, GC-RT correlation without mo correlation, Kim et al. 1984; Kim 1985) 
0.0011 (20°C, GC-RT correlation with mp correction, Kim et al. 1984; Kim 1985) 
0.016 (20°C, selected, Suntio et al. 1988)
0.0045 (20°C, Montgomery 1993)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

3.22 (20°C, calculated-P/C, Suntio et al. 1988)
0.857 (20–25°C, calculated-P/C, Montgomery 1993)
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Octanol/Water Partition Coefficient, log KOW at 25°C or as indicated: 

4.88 (20°C, shake flask-GC, Chiou et al. 1977)
4.67 (Kenaga 1980b; Kenaga & Goring 1980)
4.88 (20–25°C, shake flask-GC/ECD, Freed et al. 1979)
5.34 (shake flask-HPLC, Ellgehausen et al. 1981)
4.81 (20°C, shake flask-GC, Bowman & Sans 1983)
5.068 ± 0.004 (shake flask/slow-stirring method, De Bruijn et al. 1989)
4.67–5.068 (Montgomery 1993)
4.88 (recommended, Sangster 1993)
5.07 (recommended, Hansch et al. 1995)

Octanol/Air Partition Coefficient, log KOA: 

Bioconcentration Factor, log BCF: 

2.35 (calculated-S, Kenaga 1980a, b)
–1.38 (average beef fat diet, Kenaga 1980b)
4.64 (guppy Poecilia reticulata, lipid wt basis, De Bruijn & Hermens 1991)

Sorption Partition Coefficient, log KOC: 

3.20 (soil, calculated-S as per Kenaga & Goring 1978, Kenaga 1980a, b)
2.90 (soil, calculated-MCI χ, Gerstl & Helling 1987)
2.76 (calculated, Montgomery 1993)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: 
Photolysis:
Oxidation:
Hydrolysis: estimated t½ ~ 3 d at pH 6 (Montgomery 1993).
Biodegradation:
Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k1 = 0.01337 mL g–1 d–1 (guppy, 0.5–420 h exposure, De Bruijn & Hermens 1991)
k2 = 0.38 d–1 (guppy, De Bruijn & Hermens 1991)
k2 = 0.14 d–1 (calculated-KOW, De Bruijn & Hermens 1991)

Half-Lives in the Environment:
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18.1.1.74 Terbufos

Common Name: Terbufos
Synonym: AC 92100, Counter, ST-100 
Chemical Name: S-(tert-butylthio)methyl O,O-diethyl phosphorodithioate; S-[[(1,1-dimethylethyl)thio]methyl]

O,O-diethyl phosphorodithioate; phosphorodithioic acid S-((tert-butylthio)methyl) O,O-diethyl ester
Uses: insecticide in soil to control insects and also used as nematocide to control nematodes in beet, maize, cotton,

sorghum, onions, cabbage, and bananas.
CAS Registry No: 13071-79-9
Molecular Formula: C9H21O2PS3

Molecular Weight: 288.431
Melting Point (°C): 

–29.2 (Worthing & Hance 1991; Howe et al. 1994; Montgomery 1993; Tomlin 1994; Milne 1995)
Boiling Point (°C):

69 (at 0.01 mmHg, Worthing & Hance 1991; Montgomery 1993; Tomlin 1994; Milne 1995)
312 (Brecken-Folse et al. 1994; Howe et al. 1994)

Density (g/cm3 at 20°C): 
1.105 (24°C, Worthing & Hance 1991; Montgomery 1993; Tomlin 1994; Milne 1995)

Molar Volume (cm3/mol):
261 (24°C, calculated from density)

Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 1.0

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

12 (Martin & Worthing 1977)
5.07 (shake flask-GC, Felsot & Dahm 1979)
≤ 10 (Spencer 1982)
5.5 (19°C, shake flask-GC, Bowman & Sans 1983a, b)
10–15 (Worthing & Hance 1991)
5 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
15 (calculated, Pait et al. 1992)
4.5 (27°C, Montgomery 1993; quoted, Tomlin 1994; Majewski & Capel 1995)
0.10 (Howe et al. 1994)

Vapor Pressure (Pa at 25°C or as indicated):

0.0346 (Worthing & Hance 1991; Tomlin 1994)
0.0427 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.0351 (20°C, Montgomery 1993)
0.0174; 0.0346 (liquid PL, GC-RT correlation; quoted lit., Donovan 1996)
0.0148; 0.00912, 0.0151 (gradient GC method; estimation using modified Watson method: Sugden’s parachor,

McGowan’s parachor, Tsuzuki 2000)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

2.229 (20–27°C, calculated-P/C, Montgomery 1993)
2.463 (calculated-P/C, this work)

Octanol/Water Partition Coefficient, log KOW: 

3.68 (shake flask-LSC, Felsot & Dahm 1979)
2.22 (Rao & Davidson 1980)
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4.477 (shake flask-GC, Bowman & Sans 1983b)
4.52 (Worthing & Hance 1991; Tomlin 1994)
2.22–4.70 (Montgomery 1993)
4.48 (recommended, Sangster 1993)
3.54 (22°C, shake flask, Brecken-Folse et al. 1994)
0.832 (12°C in reconstituted test water at pH 7.5, Howe et al. 1994)
4.52 (Milne 1995)
4.48 (recommended, Hansch et al. 1995)
4.86 (RP-HPLC-RT correlation, Finizio et al. 1997)
4.51 (RP-HPLC-RT correlation using short ODP column, Donovan & Pescatore 2002)

Bioconcentration Factor, log BCF: 

2.73 (topmouth gudgeon, Metcalf & Sanborn 1975)
2.18 (calculated-S, Kenaga 1980; quoted, Pait et al. 1992)
1.0 (Triaenodes tardus, Belluck & Felsot 1981)

Sorption Partition Coefficient, log KOC at 25°C or as indicated: 

3.04 (soil, calculated-S per Kenaga & Goring 1978, Kenaga 1980)
2.76, 3.29 (quoted, calculated-MCI χ, Gerstl & Helling 1987)
2.70 (soil, 20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
2.46–3.03 (Montgomery 1993)
2.82 (soil, calculated-MCI 1χ, Sabljic et al. 1995)
2.80, 3.30 (soil, estimated-class-specific model, estimated-general model, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Half-Lives in the Environment:

Soil: t½ = 9–27 d in soil (Worthing & Hance 1991; quoted, Montgomery 1993; Tomlin 1994); 
selected field t½ = 5.0 d (Wauchope et al. 1992; quoted, Richards & Baker 1993; Hornsby et al. 1996);
soil t½ = 5 d (Pait et al. 1992).
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18.1.1.75 Thiodicarb

Common Name: Thiodicarb
Synonym: Bismethomyl thioether, Dicarbosulf
Chemical Name: dimethyl N,N′-(thiobis(methylimino)carbonyloxy)bis(ethanimidothioate)
CAS Registry No: 59669-26-0
Uses: insecticide/molluscicide
Molecular Formula: C10H18N4O4S3

Molecular Weight: 354.470
Melting Point (°C):

168–172 (Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994)
173–174 (Tomlin 1994)
173 (Lide 2003)

Boiling Point (°C):
Density (g/cm3 at 20°C): 1.40 (Montgomery 1993)
Molar Volume (cm3/mol):
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.0353 (mp at 173°C)

Water Solubility (g/m3 or mg/L at 25°C):

35 (Hartley & Kidd 1987; Montgomery 1993; Tomlin 1994)
19.1 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C):

0.0043 (20°C, Hartley & Kidd 1987; Montgomery 1993)
1.33 × 10–5 (20–25°C, Wauchope et al. 1992; Hornsby et al. 1996)
0.0054 (20°C, Tomlin 1994)

Henry’s Law Constant (Pa·m3/mol):

0.044 (calculated-P/C, Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW:

1.70 (shake flask-HPLC, Drabel & Bachmann 1983)
1.2–1.6 (Montgomery 1993)
1.70 (recommended, Sangster 1993)
1.70 (recommended, Hansch et al. 1995)

Octanol/Air Partition Coefficient, log KOA:

Bioconcentration Factor, log BCF or log KB:

Sorption Partition Coefficient, log KOC:

1.81–3.07; 2.54 (quoted range of reported data; mean, Wauchope et al. 1992)
2.54 (soil, selected, Wauchope et al. 1992; Hornsby et al. 1996)

S

N
O N

O
N O

O

N

S

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3974 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

3.06; 2.25; 2.10–2.69; 2.32–2.52; 2.57 (various soils: clay; loam; sand; sandy loam; silty loam (quoted, Mont-
gomery 1993) 

1.81–3.07 (various soils, Montgomery 1993)
2.54; 1.68, 2.57 (soil, quoted obs.; estimated-class-specific model, estimated-general model using molecular

descriptors, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½ :

Hydrolysis: t½ ~ 9 d at pH 3 (Montgomery 1993); 
stable at pH 6, rapidly hydrolyzed at pH 9 and slowly at pH 3, t½ ~ 9 d (Tomlin 1994).

Half-Lives in the Environment:

Air:
Surface water: hydrolysis t½ ~ 9 d at pH 3 (Montgomery 1993); 

stable at pH 6, rapidly hydrolyzed at pH 9 and slowly at pH 3, t½ ~ 9 d (Tomlin 1994).
Ground water:
Sediment:
Soil: t½ = 3–8 d in various soils (Hartley & Kidd 1987) 

field t½ = 7 d (Wauchope et al. 1992; Hornsby et al. 1996). 
Biota:
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18.1.1.76 Toxaphene

Common Name: Toxaphene
Synonym: Agricide maggot killer, Alltex, Alltox, Camphochlor, Chem-Phene, chlorinated Camphene, Chloro-camphene,

Coopertox, Crestoxo, Cristoxo, ENT 9735, Estonox, Fasco terpene, Geniphene, Gy-phene, Hercules 3956, Huilex,
Kamfochlor, Melipax, Motox, NA 2761, NCI-C00259, Octachlorcamphene, Polychlorocamphene, Strobane-T,
Texadust, Toxakil, Toxon 63

Chemical Name: mixtures of chlorinated camphene and bornane
Uses: pesticide used primarily on lettuce, cotton, corn, tomatoes, peanuts, wheat and soybean.
CAS Registry No: 8001-35-2
Molecular Formula: C10H16Cl8

Molecular Weight: 413.812

Note: A large number of isomers exist, thus the commercial product is a mixture and the properties below should 
be regarded as average values for the specific mixture. Considerable variability in properties is thus expected.

Melting Point (°C): 

65–90 (Howard 1991; Montgomery 1993; Milne 1995)
35 (dec., Milne 1995)

Boiling Point (°C): 

246, 351, 360 (estimated from structure, Tucker et al. 1983)
Density (g/cm3 at 20°C): 

1.65 (25°C, Spencer 1982; Montgomery 1993)
Molar Volume (cm3/mol): 

358.8 (calculated-Le Bas method at normal boiling point)
366.8 (calculated-Le Bas method)

Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 20°C (assuming ∆Sfus = 56 J/mol K), F:

0.30 (Mackay et al. 1986)

Water Solubility (g/m3 or mg/L at 25°C or as indicated and the reported temperature dependence equations):

3.0 (Brooks 1974)
0.74 (generator column-GC/ECD, Weil et al. 1974)
0.40 (Leonard et al. 1976; Wauchope 1978)
0.40 (Sanborn et al. 1976; Weber et al. 1980)
0.40 (Martin & Worthing 1977)
0.50 (shake flask-GC, Paris et al. 1977)
3.0 (22°C, Khan 1980; Spencer 1982)
0.3–3.0 (U.S. EPA 1984; McLean et al 1988)
3.0 (Worthing & Walker 1987)
0.50 (20°C, selected, Suntio et al. 1988)
0.55 (20°C, Montgomery 1993)
0.63 (calculated from vapor pressure and HLC, Wania & Mackay 1993)
log [C/(mol/m3)] = 0.77 – 1071/(T/K) (Wania & Mackay 1993)
3.0 (20–25°C, selected, Hornsby et al. 1996)

Vapor Pressure (Pa at 25°C or as indicated and reported temperature dependence equations):

4.0 × 10–5 (20°C, Spencer 1973)
27–53 (Brooks 1974; Khan 1980)
1.3 × 10–4 (Leonard et al. 1976)
1.3 × 10–4 (20–25°C, Weber et al. 1980)
1.3 × 10–4 (30°C, Seiber et al. 1981)
2.0 × 10–5, 4.5 × 10–5, 0.667 (estimated-bp, Tucker et al. 1983)
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27.0 (U.S. EPA 1984; quoted, McLean et al. 1988)
8.92 × 10–4 (20°C, estimated, Murphy et al. 1987)
0.0005 (20°C, selected, Suntio et al. 1988)
27–54 (20°C, Montgomery 1993)
0.0016 (calculated from the eq. below, Wania & Mackay 1993)
log (P/Pa) = 12.25 – 4487/(T/K) (Wania & Mackay 1993)
5.3 × 10–4 (20–25°C, selected, Hornsby et al. 1996)
(2.3–7.10) × 10–4 (supercooled PL, capillary GC-RT correlation, for 21 toxaphene components-chlorinated

bornane and camphene congeners, Bidleman et al. 2003)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated and reported temperature dependence equations. Additional 
data at other temperatures designated * are compiled at the end of this section):

490 (gas stripping-GC, Warner et al. 1980)
6380 (calculated-P/C, Kavanaugh & Trussel 1980)
45.59 (estimated-group method per Hine & Mookerjee 1975, Tucker et al. 1983)
0.0238 (calculated-P/C, Mackay et al. 1986)
496 (gas stripping-GC, Warner et al. 1987)
0.608 (20°C, estimated, Murphy et al. 1987; quoted, Howard 1991)
0.62 (20°C, average value for toxaphene complex mixture, Murphy et al. 1987)
520 (quoted from WERL Treatability Database, Ryan et al. 1988)
0.42 (20°C, calculated-P/C, Suntio et al. 1988)
3097 (calculated-P/C, Jury et al. 1990)
0.067 (0°C, selected, Cotham & Bidleman 1991)
6382 (Montgomery 1993)
1.054 (calculated-temp dependence eq., Wania & Mackay 1993)
log [H/(Pa·m3/mol)] = 11.48 – 3416/(T/K) (Wania & Mackay 1993)
0.36* (technical toxaphene, gas stripping-GC, measured range 10–40°C, Jantunen & Bidleman 2000)
log [H/(Pa m3/mol)] = 10.42 – 3209/(T/K); temp range 10–40°C (technical toxaphene, gas stripping-GC,

Jantunen & Bidleman 2000)

Octanol/Water Partition Coefficient, log KOW:

3.52 (shake flask-GC, Paris et al. 1977)
5.30 (HPLC-RT correlation, Veith et al. 1979)
3.23 (Rao & Davidson 1980)
5.28 (Veith & Kosian 1983)
4.83 (from Veith’s personal communication, Zaroogian et al. 1985)
5.50 (Garten & Trabalka 1983)
3.85 (Ryan et al. 1988)
5.50 (Isnard & Lambert 1988, 1989; Travis & Arms 1988; Wania & Mackay 1993)
4.63 (estimated-QSAR & SPARC, Kollig 1993)
3.23–5.50 (Montgomery 1993)
4.77–6.64 (range for 36 toxaphene components/congeners, shake flask/slow stirring-GC/ECD, Fisk et al. 1999)

Bioconcentration Factor, log BCF: 

–2.79 (beef biotransfer factor log Bb, correlated-KOW, Radeleff et al. 1952; Claborn et al. 1953,60)
–3.20 (milk biotransfer factor log Bm, correlated-KOW, Saha 1969)
3.53 (Bacillus subtilis, Paris et al. 1975, 1977)
3.72 (Flavobacterium harrisonii, Paris et al. 1975, 1977)
4.23 (Aspergillus sp., Paris et al. 1975, 1977)
4.04 (Chlorella prenoidosa, Paris et al. 1975, 1977)
3.63 (Gambusia, Sanborn et al. 1976)
4.84 (fathead minnows, Mayer et al. 1977)
3.51–4.23 (microorganisms, Paris et al. 1977)
3.59 (pinfish, 4-d exposure, Schimmel et al. 1977; Veith & Kosian 1983)
3.64 (sheepshead minnow, 4-d exposure, Schimmel et al. 1977)
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3.49–4.52, 2.60–3.08 (fish, shrimp, Reish et al. 1978)
4.42, 3.63 (fish: flowing water, static water; Kenaga & Goring 1980)
4.42, 3.02 (fish, calculated-solubility, Kenaga 1980)
3.59 (pinfish, Veith & Kosian 1983)
3.64 (sheepshead minnow, Veith & Kosian 1983)
3.81, 3.72 (fish: flowing system, microcosm, Garten & Trabalka 1983)
3.84, 3.98 (algae: snail, Garten & Trabalka 1983)
3.44, 3.41 (oyster, calculated-KOW and models, Zaroogian et al. 1985)
3.44, 3.41 (pinfish, calculated-KOW and models, Zaroogian et al. 1985)
3.44, 3.41 (sheepshead minnow, calculated-KOW & models, Zaroogian et al. 1985)
4.52, 6.44 (oyster, flow-through 6 months: wet wt basis, lipid wt basis, Geyer et al. 2000)
4.57, 6.50 (oyster, flow-through 6 months: wet wt basis, lipid wt basis, Geyer et al. 2000)
4.84, 6.06 (fathead minnow, flow-through 96-d: wet wt basis, lipid wt basis, Geyer et al. 2000)
4.80, 5.80 (fathead minnow, flow-through 150-d: wet wt basis, lipid wt basis, Geyer et al. 2000)
>4.73, >5.84 (channel catfish, flow-through 100-d: wet wt basis, lipid wt basis, Geyer et al. 2000)
3.04, 3.204 (human, fat: wet wt basis, lipid wt basis, Geyer et al. 2000)

Sorption Partition Coefficient, log KOC: 

3.86 (calculated-S, Kenaga 1980; quoted, Howard 1991)
4.99 (soil, McDowell et al. 1981; quoted, Nash 1988) 
4.32 (soil, screening model calculations, Jury et al. 1987a, b, 1990; Jury & Ghodrati 1989)
5.32 (sediment, Bomberger et al. 1983; quoted, Howard 1991)
3.17 (calculated-KOW as per Kenaga & Goring 1980, Chapman 1989)
4.31 (estimated-QSAR and SPARC, Kollig 1993)
3.18 (calculated, Montgomery 1993)
5.00 (20–25°C, selected, Hornsby et al. 1996)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization: volatilization t½ = 2650 d from chemical below soil surface (Jury et al. 1990).
Photolysis:
Hydrolysis: estimated t½ > 10 yr at pH 5–8 and 25°C (Callahan et al. 1979; quoted, Howard 1991) 

k = (8.0 ± 2.2) × 10–6 h–1 at pH 7 with a calculated t½ = 10 yr (Ellington et al. 1987, 1988)
k = 7.0 × 10–2 yr–1 at pH 7.0 and 25°C (Kollig 1993).

Oxidation: rate constant k, for gas-phase second order rate constants, kOH for reaction with OH radical, kNO3

with NO3 radical and kO3 with O3 or as indicated, *data at other temperatures see reference:
t½ = 4–5 d for the vapor-phase reaction with hydroxyl radicals (Howard 1991)
k(aq.) = 8 × 108 M–1 s–1 for the reaction (Fenton with reference to lindane) with hydroxyl radical in aqueous

solutions at pH 1.9 ± 0.1 and at 24 ± 1°C (Buxton et al. 1988; quoted, Faust & Hoigné 1990; Haag &
Yao 1992)

k(aq.) < 1.3 M–1 s–1 for direct reaction with ozone in water at pH 5.6 and 21°C, with t½ > 7 h at pH 7 (Yao
& Haag 1991).

k(aq.) = (1.2–8.1) × 108 M–1 s–1 for the reaction (Fenton with reference to lindane) with hydroxyl radical in
aqueous solutions at pH 1.9 ± 0.1 and at 24 ± 1°C (Haag & Yao 1992)

Biodegradation: very resistant to degradation in soils with reported from t½ = 0.8 yr (Adams 1967; quoted,
Howard 1991) to 14 yr (Nash & Woolson 1967; quoted, Howard 1991).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

k2 = 0.016 d–1 with t½ = 43 d and k2 = 0.022 d–1 with t½ = 32 d for food concn of 21 ng/g and 136 ng/g,
respectively, in a 30-d uptake followed by 160-d depuration studies for a C7-CHB toxaphene congener
(juvenile rainbow trout, Fisk et al. 1998) 

k2 = 0.007 d–1 with t½ = 95 d and k2 = 0.016 d–1 with t½ = 43 d for food concn of 18 ng/g and 121 ng/g,
respectively, in a 30-d uptake followed by 160-d depuration studies for a C8-CHB toxaphene congener
(juvenile rainbow trout, Fisk et al. 1998)
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k2 = 0.008 d–1 with t½ = 83 d and k2 = 0.017 d–1 with t½ = 42 d for food concn of 17 ng/g and 134 ng/g,
respectively, in a 30-d uptake followed by 160-d depuration studies for C9-CHB toxaphene congener
(juvenile rainbow trout, Fisk et al. 1998) 

k2 = 0.068 yr–1, 0.093 yr–1, 0.160 yr–1 in Lake Michigan, Lake Huron and Lake Ontario, respectively, in lake
trout (lipid-adjusted, Glassmeyer et al. 2000)

k2 = 0.085 yr–1, 0.086 yr–1, 0.165 yr–1 in Lake Michigan, Lake Huron and Lake Ontario, respectively, in lake
trout (wet weight, Glassmeyer et al. 2000)

Half-Lives in the Environment:

Air: t½ = 4–5 d for the vapor-phase reaction with hydroxyl radicals (GEMS 1986; quoted, Howard 1991).
Surface water: measured k < 1.3 M–1 s–1 for direct reaction with ozone in water at pH 2 and 21°C, with t½ > 7 h

at pH 7 (Yao & Haag 1991); 
half-lives in lake water: t½ = 18–31 yr in Lake Superior, t½ = 5–8 yr in Lake Michigan, t½ ~ 8.5 yr in Lake

Huron and t½ ~ 6 yr in Lake Ontario (Glassmeyer et al. 2000).
Ground water:
Sediment:
Soil: very persistent with reported half-life from t½ = 0.8 yr (Adams 1967; quoted, Howard 1991) to 14 yr

(Nash & Woolson 1967; quoted, Howard 1991); 
t½ > 50 d when subject to plant uptake via volatilization (Callahan et al. 1979; quoted, Ryan et al. 1988)
measured dissipation rate k = 0.010 d–1 (Seiber et al. 1979; quoted, Nash 1988);
t½ = 9 d in screening model calculations (Jury et al 1987b); 
estimated dissipation rate k = 0.0011 and 0.013 d–1 (Nash 1988); 
t½ = 3650 d for volatilization to atmosphere from chemical below soil surface (Jury et al. 1990);
field t½ = 9 d (20–25°C, selected, Hornsby et al. 1996)
t½ = 0.8–14 yr in soil, t½ = 10–18 yr in the environment (Geyer et al. 2000)

Biota: field t½ = 15.6 d in fruit tree leaves (Decker et al. 1950; quoted, Nash 1983); 
microagroecosystem t½ = 19 d in cotton leaves (Nash & Harris 1977; quoted, Nash 1983); 
field t½ ca. 6.3 d in cotton canopy (Willis et al. 1980; quoted, Nash 1983); 
t½ = 524 d for white suckers, and t½ = 232 to 322 d for lake trout (total toxaphene, Delorme et al. 1993); 
average fish half-lives in the Great Lakes. t½ = 9.1 yr in Lake Michigan, t½ = 7.7 yr in Lake Huron and

t½ = 4.3 yr in Lake Ontario (lake trout, Glassmeyer et al. 2000) 
Depuration t½ = 32–96 d for a 30-d uptake and 160-d depuration studies (Juvenile rainbow trout, Fisk et al.

1998)

TABLE 18.1.1.76.1
Reported Henry’s law constants of toxaphene at
various temperatures

Jantunen et al. 2000

air stripping-GC

t/°C H/(Pa m3/mol)

10 0.10
20 0.36
30 0.69
35 0.86
40 1.50

log H = A – B/(T/K)
H/(Pa m3/mol)

A 10.42 ± 0.54
B 3209 ± 162
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FIGURE 18.1.1.76.1 Logarithm of Henry’s law constant versus reciprocal temperature for toxaphene.
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18.1.1.77 Trichlorfon

Common Name: Trichlorfon
Synonym: Aerol 1, Agroforotox, Anthion, Bay 15922, Bayer 15922, Bilarcil, Bovinox, Britten, Britton, Cekufon,

Chlorak, Chlorfos, Chlorphos, Chloroftalm, Chloroxyphos, Ciclosom, Combat, Combot, Danex, DEP, Depthon,
DETF, Dimetox, Dipterax, Diptevur, Ditrifon, Dylox, Dyrex, Dyvon, ENT 19763, Equino-acid, Flibol E, Forotox,
Foschlor, Hypodermacid, Leivasom, Loisol, Masoten, Mazoten, Methyl chlorophos, Metifonate, Metrifonate,
Metriphonate, NA 2783, NCI-C54831, Neguvon, Phoschlor, Proxol, Ricifon, Ritsifon, Soldep, Sotipox, Trichlorphon,
Trichlorphene, Trinex, Tugon, Volfartol, Votexit, Wotexit

Chemical Name: dimethyl 2,2,2-trichloro-hydroxyethylphosphorate; 2,2,2-trichloro-hydroxy-ethylphosphoric acid dimethyl ester 
Uses: insecticide to control flies and roaches.
CAS Registry No: 52-68-6
Molecular Formula: C4H8Cl3O4P
Molecular Weight: 257.437
Melting Point (°C):

77 (Lide 2003)
Boiling Point (°C):

100 (at 0.1 mmHg, Spencer 1973; Montgomery 1993; Milne 1995)
Density (g/cm3 at 20°C): 

1.73 (Spencer 1982; Worthing & Hance 1991; Montgomery 1993; Tomlin 1994; Milne 1995)
Molar Volume (cm3/mol):

194.9 (calculated-Le Bas method at normal boiling point)
Dissociation Constant, pKa:
Enthalpy of Fusion, ∆Hfus (kJ/mol):
Entropy of Fusion, ∆Sfus (J/mol K):
Fugacity Ratio at 25°C (assuming ∆Sfus = 56 J/mol K), F: 0.309 (mp at 77°C)

Water Solubility (g/m3 or mg/L at 25°C or as indicated):

154000 (Spencer 1973, 1982; Martin & Worthing 1977; Worthing 1979)
> 5000 (20°C, shake flask-GC, Bowman & Sans 1983a)
150000 (Davies & Lee 1987)
120000 (20°C, Worthing & Hance 1991; Tomlin 1994)
120000 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
154000 (Montgomery 1993; Milne 1995)
90000 (Brecken-Folse et al. 1994)
9000 (Howe et al. 1994)

Vapor Pressure (Pa at 25°C or as indicated):

0.00095 (20°C, vapor density, MacDougall 1964)
0.00104 (20°C, Eichler 1965; Melnikov 1971; Spencer 1973; Hartley & Graham-Bryce 1980)
0.0640 (20°C, GC-RT correlation without mp correction, Kim et al. 1984; Kim 1985)
0.0187 (20°C, GC-RT correlation with mp correction, Kim et al. 1984; Kim 1985)
0.00021 (20°C, Worthing & Hance 1991; Tomlin 1994)
0.00027 (20–25°C, selected, Wauchope et al. 1992; Hornsby et al. 1996)
0.00104 (20°C, Montgomery 1993)
0.00051 (Tomlin 1994)

Henry’s Law Constant (Pa·m3/mol at 25°C or as indicated):

1.7 × 10–6 (20°C, calculated-P/C, Suntio et al. 1988)
1.7 × 10–6 (calculated-P/C, Montgomery 1993)

Octanol/Water Partition Coefficient, log KOW: 

0.48 (Dow Chemical data, Kenaga & Goring 1980)

O
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0.431 (shake flask-GC, Bowman & Sans 1983b)
0.76 (HPLC-RT correlation, Kawamoto & Urano 1989)
0.43–0.76 (Montgomery 1993)
0.51, 0.72 (shake flask, RP-HPLC-RT correlation, Sicbaldi & Finizio 1993)
1.70 (22°C, shake flask, Brecken-Folse et al. 1994)
0.304 (12°C in reconstituted test water at pH 7.5, Howe et al. 1994)
0.51 (recommended, Sangster 1993)
0.43 (Tomlin 1994)
0.51 (recommended, Hansch et al. 1995)
0.72 (RP-HPLC-RT correlation, Finizio et al. 1997)

Bioconcentration Factor, log BCF:

–0.155 (calculated-S, Kenaga 1980)

Sorption Partition Coefficient, log KOC: 

0.778 (calculated-S as per Kenaga & Goring 1978, Kenaga 1980)
1.90 (correlated, Kawamoto & Urano 1989)
1.73 (soil, calculated-MCI χ and fragments contribution, Meylan et al. 1992)
1.00 (soil, 20–25°C, selected, Wauchope et al. 1992; quoted, Dowd et al. 1993; Lohninger 1994; Hornsby et al. 1996)
0.99–1.58 (Montgomery 1993)
1.90  (soil, calculated-MCI 1χ, Sabljic et al. 1995)
1.30  (sediment, estimated, Paraiba et al. 1999)
1.90; 1.87, 2.25 (soil, quoted obs.; estimated-class-specific model, estimated-general model using molecular

descriptors, Gramatica et al. 2000)

Environmental Fate Rate Constants, k, or Half-Lives, t½:

Volatilization:
Photolysis:
Oxidation: photooxidation t½ = 1–101 h, based on an estimated rate constant for the vapor-phase reaction with

hydroxyl radicals in air (Atkinson 1987; quoted, Howard et al. 1991).
Hydrolysis: first-order hydrolysis t½ = 68 h, based on first-order rate constant at pH 7 and 25°C (Chapman &

Cole 1982; quoted, Howard et al. 1991); 
t½ = 510 d at 22°C and at pH 4, t½ = 46 h at pH 7, and t½ < 30 min at pH 9 (Tomlin 1994).

Biodegradation: k(aerobic) = 0.28 d–1 with t½ = 2.5 d at 20°C by aerobic activated sludge cultivated by an artificial
sewage (batch contacting method, Kawamoto & Urano 1990)
aqueous aerobic t½ = 24–1080 h, based on unacclimated soil grab sample data (Guirguis & Shafik 1975;

Kostovetskii et al. 1976; quoted, Howard et al. 1991); 
aqueous anaerobic t½ = 96–4320 h, based on unacclimated aerobic biodegradation half-life (Howard et al. 1991).

Biotransformation:
Bioconcentration, Uptake (k1) and Elimination (k2) Rate Constants:

Half-Lives in the Environment:

Air: photooxidation t½ = 1–101 h, based on an estimated rate constant for the vapor-phase reaction with hydroxyl
radicals in air (Atkinson 1987; quoted, Howard et al. 1991); 

reaction rate k = 1.90 × 10–4 min–1 in air (Paraiba et al. 1999). 
Surface water: t½ = 22–588 h, based on aqueous hydrolysis half-lives at pH 6 and 8 and 25°C (Chapman & Cole

1982; quoted, Howard et al. 1991); 
t½ = 2.5 d at 20°C by aerobic activated sludge (Kawamoto & Urano 1990)
reaction rate k = 1.90 × 10–4 min–1 in water (Paraiba et al. 1999). 

Ground water: t½ = 22–588 h, based on aqueous hydrolysis half-lives at pH 6 and 8 and 25°C (Chapman & Cole
1982; quoted, Howard et al. 1991).

Sediment: reaction rate k = 1.90 × 10–5 min–1 in sediment (Paraiba et al. 1999).
Soil: t½ = 24–1080 h, based on unacclimated soil grab sample data (Guirguis & Shafik 1975; Kostovetskii et al.

1976; quoted, Howard et al. 1991); 
selected field t½ = 10 d (Wauchope et al. 1992; Dowd et al. 1993; Hornsby et al. 1996).

Biota:
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18.2 SUMMARY TABLES

TABLE 18.2.1
Common names, chemical names and physical properties of insecticides

Name Synonym Chemical name
Molecular 
formula

Molecular 
weight, 

MW g/mol m.p. °C

Fugacity 
ratio, F at 

25°C pKa

Acephate [30560-19-1] Orthene O,S-dimethyl acetylphosphoramidothioate C4H10NO3PS 183.166 88 0.241
Aldicarb [116-06-3] Temik 2-methyl-2-(methylthio)-propionaldehyde 

O-(methylcarbamoyl) oxime
C7H14N2O2S 190.263 99 0.188

Aldrin [309-00-2] Aldrec, Aldrex, Aldrite, 
Octalene

1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-
1,4-endoexo-5,8-dimethano-naphthalene

C12H8Cl6 364.910 104 0.168

Aminocarb [2032-59-9] Matacil 4-dimethylamino-m-tolyl methylcarbamate C11H16N2O2 208.257 94 0.210
Azinphos-methyl [86-50-0] Guthion O,O-dimethyl-S-[4-oxo-1,2,3-benzotriazin-3(4H)-

yl)methyl]phosphorodithioate 
C10H12N3O3PS2 317.324 73 0.338

Bendiocarb [22781-23-3] Bencarbate, Dycarb, 
Garvox, Multamat

2,2-dimethyl-1,3-benzodioxol-4-yl-
methylcarbamate

C11H13NO4 223.226 130 0.0933 8.8

Bromophos [2104–96–3] Nexion, S-1942, 
Omexan, Brofene

O-4-bromo-2,5-dichlorophenyl-O,O-dimethyl 
phosphorothioate

C8H8BrCl2PS 317.999 54 0.519

Bromophos-ethyl 
[4824–78–6]

Nexagen, Filariol O-(4-bromo-2,5-dichlorophenyl) O,O-diethyl 
phosphorothioate

C10H12Cl2O3PS 394.049

Carbaryl [63-25-2] Sevin 1-naphthyl-N-methyl carbamate C12H11NO2 201.221 145 0.0665
Carbofuran [1563-66-2] Furadan, Yaltox 2,3-dihydro-2,2-dimethylbenzofuran-7-yl 

methylcarbamate
C12H15NO3 221.252 151 0.0580

Carbophenothion 
[786–19–6]

Carbofenotion, 
Acarithion, Akarithion

S-chlorophenylthio methyl O,O-diethyl 
phosphorothioate

C11H16ClO2PS3 342.866 liquid 1

Carbosulfan [55285–14–8] Marshal, Adventage 
Posse, FMC 35001

2,3-dihydro-2,2-dimethylbenzofuran-7-
yl(dibutylaminothio) methylcarbamate

C20H32N2O3S 380.544 liquid 1

Chlordane [57-74-9] Aspon-chlordane, 
Chlorindan, Octachlor

1,2,4,5,7,8,8-octachloro-3a,4,7,7a-tetrahydro-4,7-
methanoindane

C10H6Cl8 409.779 106 0.160

cis- or α-chlordane [5103–71–9] C10H6Cl8 409.799 107–109 0.153
trans- or β-chlordane [5103–74–2] C10H6Cl8 409.799 103–105 0.168
γ-chlordane [5564–34–7] C10H6Cl8 409.799 131 0.0912
technical grade′[12789–03–6]

Chlorfenvinphos [470-90-6] Birlane, Sapecron 2-chloro-1-(2,4-dichlorophenyl) vinyl diethyl 
phosphate

C12H14Cl3O4P 359.569 B19 1

Chlorpyrifos [2921-88-2] Brodan, Dursban, 
Dowco 179

O,O-diethyl O-3,5,6-trichloro 2-pyridyl 
phosphorothioate

C9H11Cl3NO3PS 350.586 42 0.681

Chlorpyrifos-methyl 
[5598–13–0]

Reldan, Dowco 214 O,O-dimethyl O-3,5,6-trichloro-2-pyridyl 
phosphorothioate

C7H7Cl3NO3PS 322.534 43 0.666
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Crotoxyphos [7700-17-6] Ciodrin dimethyl(E)-1-methyl-2-(1-phenyl-ethoxycarbonyl
)vinyl phosphate

C14H19O6P 314.271 liquid 1

Cyhalothrin [68085–85–8] Cyhalothrin (RS)-α-cyano-3-phenoxybenzyl(Z)-(1RS,3RS)- (2-
chloro-3,3,3-trifluoropropanyl)-2,2-
dimethylcyclopropanecarboxylate

C23H19ClF3NO3 449.850

lamba-Cyhalothrin 
[91465–08–6]

C23H19ClF3NO3 449.850 49.2 0.579

Cypermethrin [52315-07-8] Polytrin, Ambush C, 
Kakfil Super, BSI, draft 
E-ISO

(RS)-α-cyano-3-phenoxybenzyl (1RS,3RS; 
1RS,3RS)-3-(2,2-dichlorovinyl)-2,2-= 
dimethylcyclopropanecarboxylate

C22H19Cl2NO3 416.297 70 0.362

α-cypermethrin [67375-30-8] C22H19Cl2NO3 416.297 78-81 0.292
β-cypermethrin [65731–84–2] C22H19Cl2NO3 416.297 64–71
ζ-cypermethrin [52315–07–8] C22H19Cl2NO3 416.297 –22.4 1

DDD
p,p'-DDD [72-54-8] p,p'-TDE 1,1-Dichloro-2,2-bis (4-chlorophenyl)ethane C14H10Cl4 320.041 109.5 0.148
o,p'-DDD [53-10-0] 1,1-dichloro-(2-chlorophenyl)-2-(4-chlorophenyl)e

thane
C14H10Cl4 320.041 112 0.140

DDE
 p,p'-DDE [72-55-9] p,p'-DDE 1,1-dichloro-2,2-bis-(p-chlorophenyl)-ethylene C14H8Cl4 318.026 89 0.236
 o,p'-DDE [3424-82-6] o,p'-DDE 1,1-Dichloro-2(2-chlorophenyl)-2-(4-chlorophenyl

)ethylene
C14H8Cl4 318.026 88-90 0.236

DDT Agritan C14H9Cl5 354.486 108.5 0.152
 p,p'-DDT [50-29-3] 1,1,1-trichloro-2,2-bis-(4-chlorophenyl)-ethane
 o,p'-DDT [789-02-6] 1,1,1-trichloro-2-(chlorophenyl)-2-(4-chlorophenyl

)-ethane
C14H9Cl5 354.486

Deltamethrin [62918-63-5] Decis, K-Othrine Butox, 
Butoflin

(S)-α-cyano-3-phenoxybenyl(1R,3R)-3-(2,2-dibro
mvinyl)-2,2-dimethycyclo-propanecarboxylate

C22H19Br2NO3 505.199 98-101 0.186

Demeton [8065-48-3] Systox O,O-diethyl O-2-ethylthioethyl phosphorothioate C8H19O3PS2 258.339 liquid 1
Demeton-S-methyl 
[919-86-8]

Metasystoxi S-2-ethylthioethyl O,O-dimethyl phosphorothioate C6H15O3PS2 230.285 liquid 1

Dialifor [10311-84-9] Torak S-2-chloro-1-phthalimidoethyl O,O-diethylphos 
phorodithioate

C14H17ClNO4PS2 393.846 68 0.379

Diamidaphos [1754-58-1] Nellite phenyl N,N'-dimethylphosphoro-diamidate C8H13N2O2P 200.175 103.5 0.170
Diazinon [333-41-5] Basudin, Diazide, 

Spectracide
O,O-diethyl O-2-isopropyl-6-methyl-pyrimidin-4-
yl phosphorothioate

C12H21N2O3PS 304.345 liquid 1

Dicapthon [2463-84-5] Dicaptan O-(2-chloro-4-nitrophenyl)-O,O-dimethyl 
phosphorothioate

C8H9ClNO5PS 297.653 53 0.531

Dichlofenthion [97-17-6] Mobilawn O-2,4-dichlorophenyl O,O-=diethyl 
phosphorothioate

C10H13Cl2O3PS 315.153 liquid 1

(Continued )
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TABLE 18.2.1 (Continued )

Name Synonym Chemical name
Molecular 
formula

Molecular 
weight, 

MW g/mol m.p. °C

Fugacity 
ratio, F at 

25°C pKa

Dichlorvos [62-73-7] Vapona, Nuvan, DDVP, 
Dedevap

2,2-dichlorovinyl-O,O-dimethyl phosphate C4H7Cl2O4P 220.976 liquid 1

Dicrotophos [141-66-2] Carbicron, Ektafos, 
Bidrin

(E)-2-dimethylcarbamoyl-1-methylvinyl dimethyl 
phosphate

C8H16NO5P 237.191 liquid 1 

Dieldrin [60-57-1] HEOD 1,2,3,4,10,10-hexachloro-6,7-epoxy-
1,4,4a,5,6,7,8,8a-octahydro-exo-1,4-endo-5,8-
dimethanonaphthalene

C12H8Cl6O 380.909 175.5 0.0334

Diflubenzuron 
[35367-38-5]

Deflubenzon, Dimilin 1-(4-chlorophenyl)-3-(2,6-difluoro-benzol) urea C14H9ClF2N2O2 310.683 239 0.00795

Dimethoate [60-51-5] Cygon O,O-dimethyl-S-(N-methyl-carbamoyl-methyl 
phosphorodithioate

C5H12NO3PS2 229.258 52 0.543

Dinoseb [88-85-7] Antox, Aretit, BNP 30, 
DNBP

2-sec-butyl-4,6-dinitrophenol C10H12N2O5 240.212 40 0.713

Disulfoton [298-04-4] Di-Syston, Dithiosystox O,O-diethyl-S-(ethylthio)-ethyl phosphorodithioate C8H19O2PS3 274.405 –25 1 
Endosulfan [115-29-7] Thiodan, Cyclodan, 

Malix, Thifor
5-norbornene-2,3-dimethanol-1,4,5,6,7,7-hexachlo
rocyclic sulfite

C9H6Cl6O3S 406.925 106 0.160

α-Endosulfan′[959–98–8] C9H6Cl6O3S 406.925 106 0.160
β-Endosulfan [33213–65–9] C9H6Cl6O3S 406.925 207-209 0.0160

Endosulfan sulfate 
[1031–07–8]

C9H6Cl6O4S 422.925 181 0.0295

Endrin [72-20-8] endrine, nendrin 1,2,3,4,10,10-hexachloro-6,7-epoxy-
1,4,4a,5,6,7,8,8a-octahydro-=exo-1,4-exo-5,8-
dimethanonaphthalene

C12H8Cl6O 380.909 dec 245 0.00694

Ethiofencarb [29973–13–5] Croneton, Bay-Hox-
1901

α-ethylthio-o-tolyl methylcarbamate C11H15NO2S 225.307 33.4 0.827

Ethion [563-12-2] Nialate, diethion O,O,O',O'-tetraethyl-S,S'-methylene 
bis(phosphorodithioate)

C9H22O4P2S4 384.476 –13 1

Ethoprophos [13194-48-4] Mocap, ethoprop O-ethyl-S,S-dipropyl-phosphorodithioate C8H19O2PS2 242.340 liquid 1
Fenitrothion [122-14-5] Sumithion, Folithion 

Cyfen
O,O-dimethyl O-4-nitro-m-tolyl phosphorothioate C9H12NO5PS 277.234 liquid 1

Fenoxycarb [79127-80-3] Logic, Pictyl, Varodo ethyl 2-(4-phenoxyphenoxy)ethyl-carbamate C17H19NO4 301.338 53 0.531
Fenpropathrin 
[64257–84–7]

Rody, Danitol, Meothrin, 
S-3206

(R,S)-α-cyano-3-phenoxybenzyl 2,2,3,3-
tetramethylcyclopropanecarboxylate

C22H23NO3 349.423 47 0.608

Fensulfothion [115–90–2] Dassnit, Terracur O,O-diethyl O-4-methylsulphinylphenyl 
phosphorothioate

C11H17O4PS2 308.354
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Fenthion [55-38-9] Baytex, Baycid, 
Mercaptophos,

O,O-dimethyl-O-(3-methyl-4-(methylthio)phenyl)
phosphorothioate

C10H15O3PS2 278.328 liquid 1

Fenvalerate [51630-58-1] Sumicidin, Belmark, 
Pydrin

(RS)-α-cyano-3-phenoxybenzyl 
(RS)-2-(4-chlorophenyl)-3-methylbutyrate

C25H22ClNO2 419.901 liquid 1

Flucythrinate [70124-77-5] Cybolt, Cythrin, Pay-Off (RS)-α-cyano-3-phenoxybenzyl 
(S)-2-(4-difluoromethoxyphenyl)-3-methylbutyrate

C26H23F2NO4 451.463 liquid 1

Fonofos [944-22-9] Dyfonate, Fonophos O-ethyl-S-phenyl (RS)-ethyl-phosphorodithioate C10H15OPS2 246.329 liquid 1
Heptachlor [76-44-8] Methanoindene 1,4,5,6,7,8,8-heptachloro-3a-4,7-7a-tetrahydro-4,7

-endo-methanoindene
C10H5Cl7 373.318 95.5 0.203

Heptachlor epoxide 
[1024–57–3]

1,4,5,6,7,8-heptachloro-2,3-epoxy-2,3,3a-4,7,7a-
tetrahydro-4,7-methanoindene

C10H5Cl7O 389.317 160 0.0474

Hexachlorocyclohexane BHC, HCH 1,2,3,4,5,6-Hexachlorocyclohexane C6H6Cl6 290.830
α-HCH′[319–84–6] α-BHC 1,2,3,4,5,6-Hexachlorocyclohexane 290.830 158 0.0496
β-HCH′[319–85–7] β-BHC 1,2,3,4,5,6-Hexachlorocyclohexane 290.830 309 0.00164
γ-HCH (Lindane) Gammexane 1,2,3,4,5,6-hexachlorocyclohexane C6H6Cl6 290.830 112.5 0.139
δ-HCH′[319–86–8] ∆-BHC 1,2,3,4,5,6-hexachlorocyclohexane C6H6Cl6 290.830 141.5 0.0719

Iodofenphos [25311–71–1] Nuvanol N O-2,5-dichloro-4-iodophenyl O,O-dimethyl 
phosphorothioate

C8H8Cl2IO3PS 345.395 oil 1

Isophorone [78–59–1] Isooctaphenone 3,5,5-trimethyl-2-cyclohexene-1-one C9H14O 138.206 –8.1 1
Kepone [143-50-0] Chlordecone decachlorooctahydro-1,3,4-metheno-2H-cyclobuta

[cd]pentalen-2-one
C10H10O 490.636 350 dec 0.00065

Leptophos [21609-90-5] Phosvel O-(4-bromo-2,5-dichlorophenyl) O-methyl 
phenylphosphorothioate

C13H10BrCl2O2P
S

412.066 71 0.345

Lindane [58-89-9] γ-BHC, γ-HCH 1,2,3,4,5,6-hexachlorocyclohexane C6H6Cl6 290.830 112.5 0.139
Malathion [121-75-5] Karbofos, Cythion, 

mercaptothion
S-[1,2-bis(ethoxycarbenyl)ethyl]-O,O-dimethyl 
phosphorodithioate

C10H19O6PS 330.358 1.4 1

Mecarbam [2595-54-2] Afos S-(N-ethyoxycarbonyl-N-methyl-carbamoylmethyl
) O,O-diethyl

C10H20NO5PS2 329.374 oil 1

Methamidophos 
[10265-92-6]

Monitor, Tamaron O,S-dimethylphosphoramidothioate C2H8NO2PS 141.130 46 0.622

Methiocarb [2032-65-7] Mesurol, Draza 4-methylthio-3,5-xylyl methylcarbamate C11H15NO2S 225.308 120 0.117
Methomyl [16752-77-5] Lannate S-methyl-N-(methylcarbamoyl-oxy)-

thioaceticimidate
C5H10N2O2S 162.210 78 0.302

Methoxychlor [72-43-5] Marlate 1,1,1-trichloro-2,2-bis(4-methoxy-phenyl)ethane C16H15Cl3O2 345.648 87 0.246
Mevinphos [7786-34-7] Apavinfos, Duraphos 2-carbomethoxy-1-methylvinyl dimethyl phosphate C7H13O6P 224.148 –56.1 1
Mirex [2385-85-5] Dechlorane 1,1a,2,2,3a,4,5,5,5a,5b,6-dodeca-chlorooctahydro-

1,3,4-metheno-1H-cyclobuta(cd)pentalene
C10Cl12 545.543 485 dec 0.000031

Monocrotophos 
[6923-22-4]

Nuvacron, Azodrin dimethyl (E)-1-methyl-2-(methyl-carbamoyl)vinyl 
phosphate

C7H14NO5P 223.164 55 0.508

(Continued )
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TABLE 18.2.1 (Continued )

Name Synonym Chemical name
Molecular 
formula

Molecular 
weight, 

MW g/mol m.p. °C

Fugacity 
ratio, F at 

25°C pKa

Naled [300–76–5] Arthodibrom, Dibrom, 
Bromex, Bromchlophos

1,2-dibromo-2,2-dichloroethyl dimethyl phosphate C4H7Br2Cl2O4P 380.784 27 0.956

Oxamyl [23135-22-0] Vydate N'N'-dimethyl-2-methylcarbamoyloxyimino-2-
(methylthio)acetamine

C7H13N3O3S 219.261 109 0.150

Parathion [56-38-2] Folidol, Bladan, Niran O,O-diethyl O-4-nitrophenyl phosphorothioate C10H14NO5PS 291.261 6.1 1
Parathion-methyl 
[298-00-0]

Dalf, Nitrox O,O-dimethyl O-(p-nitrophenyl) phosphorothioate C8H10NO5PS 263.208 38 0.746

Pentachlorophenol 
[87–86–5]

PCP pentachlorophenol C6H5OH 266.336 174 0.0345 4.74

Pentachlorophenol sodium salt (Pentacon)
Permethrin [52645-53-1] Ambush, Kafil, Picket, 

Pramex
3-phenoxybenzyl(1RS,3RS;1RS,3RS)-3(2,2-dichlor
ovinyl)-2,2-=dimethylcyclo-prapanecarboxylate

C21H20Cl2O3 391.288 34 0.816

cis-Permethrin 63-65 0.414
trans-Permethrin 44-47 0.629
technical grade

Phenthoate [2597-03-7] Cidial, Elsan ethyl 
2-dimethoxythiophosphorythio-2-phenylacetate

C12H17O4PS2 320.364 17-18 1

Phorate [298-02-2] Forsaat, Gramitox O,O-diethyl-S-(ethylthio)methyl phosphordithioate C7H17O2PS3 260.378 <–15 1
Phorate-sulfone 292.3
Phorate-sulfoxide 276.4
Phosmet [732-11-6] Imidan S-[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)methy

l]
C11H12NO4PS2 317.321 72 0.346

Phosphamidon 
[13171-21-6]

Dimecron 2-chloro-2-diethylcarbamoyl-1-methylvinyl 
dimethyl phosphate

C10H19ClNO5P 299.689 –45 1

Pirimicarb [23103-98-2] Pirimor, Aphox 2-dimethylamino-5,6-dimethyl-pyrimidin-4-yl 
dimethylcarbamate

C11H18N4O2 238.287 90.5 0.228

Profenofos [41198-08-7] Selecron O-4-bromo-2-chlorophenyl O-ethyl S-propyl 
phosphorothioate

C11H15BrClO3PS 373.631 liquid 1

Propoxur [114-26-1] Baygon 2-(1-Methylethoxy)phenol methyl carbamate C11H15NO3 209.242 87 0.246
Ronnel [299-84-3] Fenchlorphos, Korlan, 

Etrolene, Trolene
O,O-dimethyl O-2,4,5-trichlorophenyl-
phosphorothioate

C8H8Cl3O3PS 321.546 41 0.697

Sulfotep [3689-24-5] dithio, thiotep, ENT, 
Bladafum

O,O,O',O'-tetraethyl dithiopyrophosphate  C8H20O5P2S2 322.320 liquid 1

Terbacil [5902-51-2] Sinbar, Turbacil 5-chloro-3-(1,1-dimethyl)-6-methyl-2,4-(1H,3H)-p
yrimidine-dione

C9H13Cl2N2O3 216.664 176 0.0330 9.0
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Terbufos [13071-79-9] Contraven, Counter S-tert-butylthiomethyl O,O-diethyl 
phosphorodithioate

C9H21O2PS3 288.431 liquid 1

Terbufos sulfone 320.41
Terbufos sulfoxide 304.41
Tetramethrin [7696-12-0] Neo-Pynamin, 

phthalthrin
cyclohex-1-ene-1,2-dicarboximidomethyl 
(1RS,3RS;1RS,3SR)-2,2-dimethyl-3-methylprop-1-
enyl)cyclopropanecarboxylate

C19H25NO4 331.407 65-80

Thiobencarb [28249-77-6] Benthiocarb, Bolero, 
Saturno

S-(4-chlorophenyl)methyl diethyl-carbamothioate C12H16ClNOS 257.779 1.7 1

Thiodicarb [59669-26-0] Cicarbosulf, Larvin, 
Lepicron

dimethyl N,N'-thiobis(methylimino)-carbonyloxy 
bisethanimidothioate

C10H18N4O4S3 354.470 173 0.0353

Toxaphene [8001-35-2] Camphechlor chlorinated camphene (67–69% Cl content) - 
mixture

C10H10Cl8 413.812 65-90

Trichlorfon [52-68-6] Tugon, Chlorophos, 
Dipterex, Neguvon

dimethyl 
2,2,2-trichloro-1-hydroxy-ethylphosphonate

C4H8Cl3O4P 257.437 77 0.309

Zinophos [297-92-2] Thionazin, Namafos 
Cynem

O,O-diethyl-O-pyrazin-2-yl phosphorothioate C8H13N2O3PS 248.239 –1.69 1
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TABLE 18.2.2
Summary of selected physical-chemical properties of insecticides at 25°C

 Selected properties Henry’s law 
constant

H/(Pa·m3/mol)
calcd P/C

log KOC

reported

Compound

Vapor pressure Solubility

PS/Pa PL/Pa S/(g/m3) CS/(mol/m3) CL/(mol/m3) log KOW

Acephate 2.26 × 10–4 8.96 × 10–4 818000 4465 17710 –1 5.06 × 10–8 0.301
Aldicarb 0.004 0.0216 6000 31.54 170 1.1 1.27 × 10–4 1.48
Aldrin 0.005 0.0302 0.02 5.48 × 10–5 3.31 × 10–4 3.01 91.23 2.61
Aminocarb 0.00227 0.0109 915 4.39 21.1 1.73 5.17 × 10–4 2.00
Azinphos-methyl 3.0 × 10–5 9.05 × 10–5 30 0.0945 0.285 2.7 3.17 × 10–4 2.61
Bendiocarb 6.6 × 10–4 7.21 × 10–3 40 0.179 1.96 3.68 × 10–3 2.76
Carbaryl 2.67 × 10–5 3.83 × 10–4 120 0.596 8.56 2.36 4.48 × 10–5 2.36
Carbofuran 8.0 × 10–5 1.41 × 10–3 351 1.59 28.0 2.32 5.04 × 10–5 2.02
Chlordane

cis- or α-chlordane 4.0 × 10–4 2.65 × 10–3 0.056 1.37 × 10–4 9.07 × 10–4 6.0 0.342 5.5
trans- or β-chlordane 5.2 × 10–4 3.15 × 10–3 0.056 1.37 × 10–4 8.30 × 10–4 6.0 0.262 5.5

Chlorfenvinphos 1.0 × 10–4 1.0 × 10–4 124 0.345 0.345 3.82 2.90 × 10–4 2.47
Chlorpyrifos 0.00227 3.34 × 10–3 0.73 2.08 × 10–3 3.07 × 10–3 4.92 1.09 3.78
Chlorpyrifos-methyl 0.006 9.68 × 10–3 4.76 0.0148 0.0238 0.407 3.48
Crotoxyphos 0.0019 1.90 × 10–3 1000 3.18 3.18 2.23 5.97 × 10–4 2.23
Cypermethrin# 1.87 × 10–7 6.62 × 10–7 0.004 9.61 × 10–6 3.40 × 10–5 6.6 0.0195 2.59

α-cypermethrin 2.30 × 10–7 8.21 × 10–7 0.01 2.40 × 10–5 8.41 × 10–5 6.94* 0.0098
β-cypermethrin 1.80 × 10–7 5.13 × 10–7 0.0934 2.24 × 10–4 6.4 × 10–4 4.70* 8.02 × 10–7

ζ-cypermethrin 2.50 × 10–7 2.5 × 10–7 0.045 1.08 × 10–4 1.08 × 10–4 2.31 × 10–3

DDD
p,p'-DDD 1.30 × 10–4 6.93 × 10–4 0.05 1.56 × 10–4 1.08 × 10–3 5.5 0.640 5.0
o,p'-DDD 2.0 × 10–4* 1.39 × 10–3 0.10* 6.0

DDE
p,p'-DDE 8.66 × 10–4 3.72 × 10–3 0.04 1.26 × 10–4 5.40 × 10–4 5.7 7.95 5.0
o,p'-DDE 8.0 × 10–4 3.44 × 10–3 0.1 3.14 × 10–4 1.35 × 10–3 5.8 2.54

DDT
p,p'-DDT 2.0 × 10–5 1.35 × 10–4 0.0055 1.55 × 10–5 1.11 × 10–4 6.19 2.36 5.4
o,p'-DDT 2.53 × 10–5 1.72 × 10–4 0.026 7.33 × 10–5 4.96 × 10–4 0.347

Deltamethrin 1.0 × 10–5 5.52 × 10–5 0.002 3.96 × 10–6 2.18 × 10–5 2.53 5.66
Demeton 0.0347 0.0347 60 0.232 0.232 0.15 1.85
Demeton-S-methyl 0.04 0.040 3300 14.3 14.3 2.79 × 10–3

Dialifor 6.50 × 10–5 1.73 × 10–4 0.18 4.57 × 10–4 1.22 × 10–3 4.7 0.14
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Diamidaphos 50000
Diazinon 0.008 8.0 × 10–3 60 0.197 0.197 3.3 0.0406 2.76
Dicapthon 5.0 × 10–4 1.19 × 10–3 6.25 0.021 0.05 3.6 0.0238
Dichlofenthion 25 25.0 0.25 7.93 × 10–4 7.93 × 10–4 5.1 31646
Dichlorvos 7.02 7.02 8000 36.20 36.20 1.45 0.194 1.45
Dicrotophos 0.0213 0.0213 1000000 4216 4216 5.05 × 10–6 1.88
Dieldrin 0.0005 0.016 0.17 4.46 × 10–4 0.0142 5.20 1.120 4.08
Diflubenzuron 1.20 × 10–7 1.31 × 10–5 0.08 2.57 × 10–4 0.0281 0.78 4.66 × 10–4 3.01
Dimethoate 0.01 0.019 20000 87.23 163.2 0.8 1.15 × 10–4 1.3
Dinoseb 10 14.07 47 0.196 0.275 51.11 2.09
Disulfoton 0.02 0.132 25 0.0911 0.603 4.02 0.220 3.25
DNOC 0.011 0.044 150 1.013 4.063 0.0109
Endosulfan 0.0013 0.5 1.23 × 10–3 3.6 1.06 4.09

α-Endosulfan 0.0013 0.008 0.5 1.23 × 10–3 0.008 3.62 3.4
β-Endosulfan 0.0061 0.394 0.45 1.11 × 10–3 0.071 3.83 3.5

Endrin 2.0 × 10–5 1.32 × 10–3 0.23 6.04 × 10–4 0.0399 5.2 0.0331 4
Ethion 1.5 × 10–4 1.50 × 10–4 1.8 4.68 × 10–3 4.68 × 10–3 5.7 0.0320 4.19 
Ethoprophos 0.0507 0.0507 750 3.095 3.095 3.59 0.0164 1.85
Fenitrothion 1.3 × 10–4 1.30 × 10–4 30 0.108 0.108 3.4 1.20 × 10–3 3.3
Fenoxycarb 1.70 × 10–6 3.29 × 10–6 6 0.0199 0.039 4.3 8.54 × 10–5 3.0
Fenthion 0.004 4.0 × 10–3 50 0.180 0.180 4.1 0.0223 3.18
Fenvalerate 4.27 × 10–6 4.27 × 10–6 0.085 2.02 × 10–4 2.02 × 10–4 6.2 0.0211 4.0
Flucythrinate 1.20 × 10–6* 1.20 × 10–6 0.5* 1.11 × 10–3 1.11 × 10–3 6.2 1.08 × 10–3 5.0
Fonofos 0.045 0.045 16 0.0650 0.065 3.9 0.693 2.94
Heptachlor 0.053 0.267 0.056 1.50 × 10–4 7.56 × 10–4 5.27 353.4 4.38
Heptachlor epoxide 0.35 8.99 × 10–4 0.0190 5.0 4.0
Hexachlorocyclohexane

α-BHC 0.003 0.10 1 3.44 × 10–3 0.115 3.81 0.872 3.81
β-BHC 4.0 × 10–5 0.0264 0.1 3.44 × 10–4 0.227 3.8 0.116 3.36
δ-BHC 0.002 0.0268 8 0.0275 0.369 4.14 0.0727

Iodofenphos 4.4 × 10–4 4.4 × 10–4 18 0.0521 0.0521 4.04 8.45 × 10–3

Isophorone 50 50.0 12000 86.83 86.83 1.7 0.576
Kepone 2.93 × 10–5 0.05 3 0.0061 10.02 5.4 0.005 4.74
Leptophos 3.0 × 10–6 6.08 × 10–6 0.005 1.21 × 10–5 2.46 × 10–5 5.9 0.247 3.97
Lindane 0.00374 0.0274 7.3 0.0251 0.184 3.7 0.149 3.0
Malathion 0.001 0.001 145 0.439 0.439 2.8 2.28 × 10–3 3.26
Mecarbam negligible < 1000
Methamidophos 0.0023 3.59 × 10–3 200000 142 2210

(Continued )
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TABLE 18.2.2 (Continued )

 Selected properties Henry’s law 
constant

H/(Pa·m3/mol)
calcd P/C

log KOC

reported

Compound

Vapor pressure Solubility

PS/Pa PL/Pa S/(g/m3) CS/(mol/m3) CL/(mol/m3) log KOW

Methiocarb 0.016* 0.130 30 0.133 1.082 2.92 0.120 2.48
Methomyl 0.0067 0.0229 58000 358 1223 0.60 1.87 × 10–5

Methoxychlor 0.00013 5.46 × 10–4 0.045* 1.30 × 10–4 5.47 × 10–4 5.08 0.999 4.9
Mevinphos 0.017 0.0170 600000 268 2677 0.5 6.35 × 10–6 1.64
Mirex 0.0001 3.545 6.5 × 10–5 1.19 × 10–7 4.22 × 10–3 6.9 839.4 6.0
Monocrotophos 0.00933 0.0185 1000000 448 8870 B0.20 2.08 × 10–6

Oxamyl 0.0306 0.173 282000 1290 7261 B0.47 2.38 × 10–5 1.4
Parathion 6.0 × 10–4 6.0 × 10–4 12.4 0.0426 0.0426 3.8 0.0141 4.02
Parathion methyl 0.002 2.69 × 10–3 25 0.095 0.128 3.0 0.0211 3.7
Pentachlorophenol 0.00415 0.12 14 0.053 1.565 5.05 0.79 4
Permethrin 1.70 × 10–6 2.34 × 10–6 0.006 1.53 × 10–5 2.11 × 10–5 6.1 0.111 4.8
Phenthoate 3.5 × 10–4 3.50 × 10–4 11 0.0343 0.034 3.69 0.0102 3.00
Phorate 0.085 0.085 22 0.0845 0.084 3.56 1.01 2.82
Phosmet 6.0 × 10–5 1.75 × 10–4 25 0.0788 0.229 2.8 7.62 × 10–4 2.8
Phosphamidon 0.003 0.003 2.5 8.34 × 10–3 0.0083 0.360 0.845
Pirimicarb 0.003 0.0133 2200 9.232 41.03 3.25 × 10–4

Profenofos 1.2 × 10–4 1.20 × 10–4 28 0.0749 0.075 1.60 × 10–3 3.34
Propoxur 1.70 × 10–5 7.73 × 10–5 1800 8.603 39.12 1.5 1.98 × 10–6 1.48
Pyrethrins 1.33 × 10–6 0.001 3.05 × 10–6 0.437 5
Ronnel (Fenchlorofos) 0.107 0.154 0.6 1.87 × 10–3 2.69 × 10–3 5.07 57.35 2.9
Sulfotep 0.0227 0.0227 25 0.0776 0.0776 0.293
Terbacil 4.13 × 10–5 1.29 × 10–3 710 3.276 102.06 1.26 × 10–5 1.74
Terbufos 0.0427 0.0427 5 0.0173 0.017 4.48 2.463 2.70
Thiobencarb 0.00293 19.2 0.0745 0.0393 2.95
Thiodicarb 0.00431 0.117 35 0.0987 2.68 0.0437
Toxaphene 0.0009 0.5 1.21 × 10–3 5.50 0.745 5
Trichlorfon 0.001 3.83 × 10–3 154000 598 2290 0.51 1.67 × 10–6 1.00
Zinophos 0.4 0.40 1000 4.029 4.03 0.0993

# isomer not specified
* The reported values for this quantity vary considerably, whereas this selected value represents the best judgment of the authors. The reader is cautioned that it may be subject to a large error.
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TABLE 18.2.3
Suggested half-life classes of insecticides in various environmental compartments at 25°C

Compound Air class Water class Soil class Sediment class

Aldicarb 1 5 6 8
Aldrin 4 8 8 9
Carbaryl 3 4 5 6
Carbofuran 1 4 5 6
Chlordane 4 8 8 9
Chloropyrifos 2 4 4 6
DDE 4 9 9 9
p,p'-DDT 4 7 8 9
Diazinon 5 6 6 7
Dieldrin 4 8 8 9
Heptachlor 3 5 6 7
γ-HCH (lindane) 5 8 8 9
Malathion 2 3 3 5
Methoxychlor 2 4 6 7
Mirex 4 6 9 9
Parathion 2 5 5 6
Parathion-methyl 2 5 5 6
Propoxur 1 5 5 6
Toxaphene 4 9 9 9

Class Mean half-life (hours) Range (hours)

1 5 < 10
2 17 (~ 1 day) 10–30
3 55 (~ 2 days) 30–100
4 170 (~ 1 week) 100–300
5 550 (~ 3 weeks) 300–1,000
6 1700 (~ 2 months) 1,000–3,000
7 5500 (~ 8 months) 3,000–10,000
8 17000 (~ 2 years) 10,000–30,000
9 ~ 5 years > 30,000

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3992 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

18.3 REFERENCES

Abdullah, A.R., Bajet, C.M., Matin, M.A., Nhan, D.D., Sulaiman, A.H. (1997) Ecotoxicology of pesticides in the tropical paddy
field ecosystem. Environ. Toxicol. Chem. 16(1), 59–70.

Albert, A. (1963) Ionization constants. In: Physical Methods in Heterocyclic Chemistry. Katritzky, A.R., Editor, Academic Press,
New York.

Adachi, K., Mitsuhashi, T., Ohkuni, N. (1984) Pesticides and trialkyl phosphates in tap water. Hyogo-Ken Eisei Kenkyusho Kenkyu
Hokoku 19, 1–6.

Adams, Jr., R.S. (1967) The fate of pesticide residues in soil. J. Minn. Acad. Sci. 34, 44–48.
Adams, W.J. (1987) Chapter 16, Bioavailability of neutral lipophilic organic chemicals contained on sediments: A review. In: Fate

and Effects of Sediment-Bound Chemicals in Aquatic Systems. Dickson, K.L., Maki, A.W., Brungs, W.A., Eds., Pergamon
Press, New York.

Addison, J.B. (1981) Measurement of vapour pressures of fenitrothion and metacil. Chemosphere 10, 355–364.
Adhya, T.K., Sudhakar-Barik, R., Sethunathan, N. (1981) Fate of fenitrothion, methyl parathion and parathion in anoxic sulfur-

containing soil systems. Pest. Biochem. Phys. 16, 14.
Agency for Toxic Substances and Disease Registry (1988) Toxicological profile for chlordane. Agency for Toxic Substances and

Disease Registry, Atlanta, Georgia.
Agency for Toxic Substances and Disease Registry (1988) Toxicological profile for DDT, DDE, and DDD. Agency for Toxic

Substances and Disease Registry, Atlanta, Georgia.
Ahmad, A., Walgenbach, D.D., Sutter, G.R. (1979) Degradation rates of technical carbofuran and a granular formulation in four soils

with known insecticide use history. Bull. Environ. Contam. Toxicol. 23, 572–574.
Ali, S. (1978) Degradation and Environmental Fate of Endosulfan Isomers and Endosulfan Sulfate in Mouse, Insect and Laboratory

Ecosystem. Diss. Abstr. Int. B. 39(5), 2117., Ph.D. Thesis, University of Illinois. 
Alison, D.T., Hermanutz, R.O. (1977) Toxicity of Diazinon to Brook Trout and Fathead Minnows. EPA 600/3-77-060, U.S. EPA,

Duluth, Minnesota.
Alley, E.G. (1973) The use of mirex in control of the imported fire ant. J. Environ. Quality 2(1), 52–61.
Altschuh, J., Brüggemann, Santl, H., Eichinger, G., Piringer, O.G.(1999) Henry’s law constants for a diverse set of organic chemicals:

Experimental determination and comparison of estimation methods. Chemosphere 39, 1871–1887.
Aly, O.M., El-Dib, M.A. (1971) Studies on the persistence of some carbamate insecticides in the aquatic environment. I. Hydrolysis

of sevin, baygon, pyrolan, and dimetilan in waters. Water Res. 5, 1191–1205.
Anderson, R.L., Defoe, D.L. (1980) Toxicity and bioaccumulation of endrin and methoxychlor in aquatic invertebrates and fish.

Environ. Pollut. Ser. A22, 111.
Andrews, A.K., Van Valin, C.C., Stebbings, B.E. (1966) Some effects of heptachlor on bluegills (Lepomis macrochirus). Trans. Amer.

Fish Soc. 95, 297.
Ankley, G.T., Call, D.J., Cox, J.S., Kahl, M.D., Hoke, R.A., Kosian, P.A. (1994) Organic carbon partitioning as a basis for predicting

the toxicity of chlorpyrifos in sediments. Environ. Toxicol. Chem. 13, 621–626.
Argyle, R.L., Williams, G.C., Dupree, H.K. (1973) Endrin uptake and release by fingering channel catfish (Ictalurus puncatus). J. Fish

Res. Board Can. 30, 1743.
Armbrust, K.L. (2000) Pesticide hydroxyl radical rate constants: measurements and estimates of their importance in aquatic envi-

ronments. Environ. Toxicol. Chem. 19, 2175–2180.
Ashton, F.M., Crafts, A.S. (1981) Mode of Action of Herbicides. John Wiley & Sons, New York.
Atkins, D.H.F., Eggleton, A.E.J. (1971) Studies of atmospheric wash-out and deposition of γ-BHC, dieldrin and p,p′-DDT using

radio-labelled pesticides. In: Proc. Symp. on Nucl. Tech. Environ. Pollut., pp. 521–533, Vienna.
Atkinson, R. (1985) Kinetics and mechanisms of the gas-phase reactions of hydroxyl radicals with organic compounds under

atmospheric conditions. Chem. Rev. 85, 69–201.
Atkinson, R. (1987) Structure-activity relationship for the estimation of rate constants for the gas-phase reactions of OH radicals

with organic compounds. Int. J. Chem. Kinetics 19, 799–828.
Atkinson, R., Carter, W.P.L. (1984) Kinetics and mechanisms of the gas-phase reactions of ozone with organic compounds under

atmospheric conditions. Chem. Rev. 84, 437–470.
Atkinson, R., Kwok, E.S.C., Arey, J. (1992) Photochemical processes affecting the fate of pesticides in the atmosphere. Brighton

Crop Prot. Conf. - Pests Dis. 2, 469–476.
Atlas, E., Foster, R., Giam, C.S. (1982) Air-sea exchange of high molecular weight organic pollutants: laboratory studies. Environ.

Sci. Technol. 16, 283–286.
Augustijn-Beckers, P.W.M., Hornsby, A.G., Wauchope, R.D. (1994) The SCS/ARS/CES pesticide-properties database for environ-

mental decision - making. II. Additional compounds. Rev. Environ. Contam. Toxicol. 137, 1–82.
Babers, F.H. (1955) The solubility of DDT in water determined radiometrically. J. Am. Chem. Soc. 77, 4666.
Bacci, E., Calamari, D., Gaggi, C., Vighi, M. (1990) Bioconcentration of organic chemical vapors in plant leaves: Experimental

measurements and correlation. Environ. Sci. Technol. 24, 885–889.
Bacci, E., Gaggi, C. (1987) Chlorinated hydrocarbon vapours and plant foliage: Kinetics and applications. Chemosphere 16,

2515–2522.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3993

Bahner, L.H., Oglesby, J.L. (1979) Test of a model for predicting kepone accumulation in selected estuarine species.  In: Aquatic
Toxicology SPT 667, pp. 221–231. American Standard of Testing Materials, Philadelphia, PA.

Bahnick, D.A., Doucette, W.J. (1988) Use of molecular connectivity indices to estimate soil sorption coefficients for organic chemicals.
Chemosphere 17, 1703–1715.

Baker, M.D., Mayfield, C.I. (1980) Microbial and non-biological decomposition of chlorophenols and phenols in soil. Water Air Soil
Pollut. 13, 411.

Baker, R.A., Editor (1991) Organic Substances and Sediments in Water. Vol. 1 and 2. Lewis Publishers, Chelsea, Michigan.
Baker, R.D., Applegate, H.G. (1970) Effect of temperature and ultraviolet radiation on the persistence of methyl parathion and DDT

in soils. Argon. J. 62, 509.
Ballschmiter, K., Wittlinger, R. (1991) Interhemisphere exchange of hexachlorohexanes, hexachlorobenzene, polychlorobiphenyls

and 1,1,1-trichloro-2,2-bis(p-chlorophenyl)-ethane in the lower troposphere. Environ. Sci. Technol. 25, 1103–1111.
Balson, E.W. (1947) Studies in vapour pressure measurement. III. An infusion manometer sensitive to 5 × 10–4 mmHg. Vapour

pressures of DDT and other slightly volatile substances. Trans. Faraday Soc. 43, 54–60.
Banerjee, S., Baughman, G.L. (1991) Bioconcentration factors and lipid solubility. Environ. Sci. Technol. 25, 536–539.
Banerjee, S., Howard, P.H., Rosenberg, A.M., Dombrowski, A.E., Sikka, H., Tullis, D.L. (1984) Development of general kinetic

model for biodegradation and its application to chlorophenols and related compounds. Environ. Sci. Technol. 18, 416–422.
Barlow, F. (1978) Presented at the 4th International Congress of Pesticide Chemistry. Zurich, Switzerland, July 24–28, 1978.
Baron, R.L., Walton, M.S. (1971) Dynamics of HEOD (dieldrin) in adipose tissue of the rats. Toxicol. Appl. Pharmacol. 18, 958–963.
Barron, M.G., Plakas, S.M., Wilga, P.C. (1991) Chlorpyrifos pharmacokinetics and metabolism following intravascular and dietary

administration in channel catfish. Toxicol. Appl. Pharmacol. 108, 474–482.
Battersby, N.S. (1990) A review of biodegradation kinetics in the aquatic environment. Chemosphere 21(10–11), 1243–1284.
Baughman, G.L., Lassiter, R.R. (1978) Prediction of environmental pollutant concentration. In: Estimating the Hazard of Chemical

Substances to Aquatic Life. ASTM STP 657, Cairns, Jr., J., Dickson, K.L., Maki, A.W., Editors, American Society for Testing
and Materials, Philadelphia, Pennsylvania.

Baughman, G.L., Paris, D.F. (1981) Microbial bioconcentration of organic pollutants from aquatic systems-A critical review. CRC
Critical Review in Microbiology. CRC Press, Boca Raton, Florida.

Beall, M.L., Nash, R.G. (1972) Insecticide depth in soil - Effect on soyabean uptake in the greenhouse. J. Environ. Qual. 1, 283–288.
Beck, E.W., Johnson, Jr., J.C., Woodham, D.W., Leuck, D.B., Dawsey, L.H., Robbins, J.E., Bowman, M.C. (1966) J. Econ. Entomol.

59, 1444.
Behrendt, H., Brüggemann, R. (1993) Modeling the fate of organic chemicals in the soil plant environment: Model study of root

uptake of pesticides. Chemosphere 27(12), 2325–2332.
Bellin, C.A., O’Connor, G.A., Yin, Y. (1990) Sorption and degradation of pentachlorophenol in sludge-amended soils. J. Environ.

Qual. 19, 603–608.
Belluck, D., Felsot, A. (1981) Bioconcentration of pesticides by egg masses of the caddisfly, Triaenodes tardus milne. Bull. Environ.

Contam. Toxicol. 26, 299–306.
Beltrame, P., Beltrame, P.L., Cartini, P., Guardione, D., Lanzetta, C. (1988) Inhibiting action of chlorophenols on biodegradation of

phenol and its correlation with structured structural properties of inhibitors. Biotechn. Bioeng. 31, 821–828.
Bender, M.E. (1969) Uptake and retention of malathion by the carp. Prog. Fish-Cult. 31, 155–159.
Bennett, H.J., Day, J.W. (1970) Absorption of endrin by the bluegill sunfish, Lepomis macrochirus. Pest. Monit. J. 3, 201.
Berdanier, C.D., de Dennis, S.K. (1977) Effect of exercise on the responses of rats to DDT. J. Toxicol. Environ. Health 2, 651–656.
Beste, C.E., Humburg, N.E. (1983) Herbicide Handbook of the Weed Science Society of America. 5th Edition, Weed Science Society,

Champaign, Illinois.
Bevenue, A., Beckman, H. (1967) Pentachlorophenol: A discussion of its properties and its occurrence as a residue in human and

animal tissues. Res. Rev. 19, 83–134.
Bhavnagary, H.M., Jayaram, M. (1974) Determination of water solubilities of lindane and dieldrin at different temperatures. Bull.

Grain Technol. 12(2), 95–99.
Biddinger, G.R., Gloss, S.P. (1984) The importance of trophic transfer in the bioaccumulation of chemical contaminants in organic

ecosystem. Res. Rev. 91, 103–145.
Bidleman, T.F. (1984) Estimation of vapor pressures for nonpolar organic compounds by capillary gas chromatography. Anal. Chem.

56, 2490–2496.
Bidleman, T.F., Billings, W.N., Foreman, W.T. (1986) Vapor-particle partitioning of semivolatile organic compounds-Estimation from

field collections. Environ. Sci. Technol. 20(10), 1038–1043.
Bidleman, T.F., Leone, A.D., Falconer, R.L. (2003) Vapor pressures and enthalpies of vaporization for toxaphene congeners. J. Chem.

Eng. Data 48, 1122–1127.
Bidleman, T.F., Renberg, L. (1985) Determination of vapor pressures for chloroguaiacols, chloroveratrols, and nonylphenol by gas

chromatography. Chemosphere 14, 1475–1481.
Bierman, V., Swain, W. (1982) Mass balance modeling of DDT dynamics in Lakes Michigan and Superior. Environ. Sci. Technol.

16, 572–579.
Biggar, J.W., Riggs, I.R. (1974) Apparent solubility of organochlorine insecticides in water at various temperatures. Hilgardia 42(10),

383–391.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3994 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Biggar, J.W., Doneen, L.D., Riggs, I.R. (1966) Soil interaction with organically polluted water. Summary Report, Department of
Water Science and Engineering, University of California, Davis, California.

Biggar, J.W., Dutt, G.R., Riggs, I.R. (1967) Predicting and measuring the solubility of p,p′-DDT in water. Bull. Environ. Contam.
Toxicol. 2(3), 90.

Bilkert, J.N., Rao, P.S.C. (1985) Sorption and leaching of three nonfumigant nematocides in soils. J. Environ. Sci. Health B20, 1–26.
Bintein, S., Devillers, J. (1994) QSAR for organic chemical sorption in soils and sediments. Chemosphere 28, 1171–1188.
Bishop, W.E., Maki, A.W. (1980) A critical comparison of two bioconcentration test methods. In: Aquatic Toxicology. ASTM STP

707, pp. 61–77, American Society for Testing and Materials, Philadelphia, Pennsylvania.
Blackman, G.E., Parke, M.H., Garton, G. (1955) The physiological activity of substituted phenols. I. Relationships between chemical

structure and physiological activity. Arch. Biochem. Biophys. 54(1), 55–71.
Blum, D.J.W., Suffet, I.H., Duguet, J.P. (1994) Quantitative structure-activity relationship using molecular connectivity for the activated

carbon adsorption of organic chemicals in water. Water Res. 28, 687–699.
Boehncke, A., Seiber, J., Nolting, H.-G. (1990) Investigations of the evaporation of selected pesticides from natural and model surfaces

in field and laboratory. Chemosphere 21(9), 1109–1124.
Boehncke, A., Martin, K., Müller, M.G., Cammenga, H.K. (1996) The vapor pressure of lindane (γ-1,2,3,4,5,6-hexachlorocyclohexane)-

A comparison of Knudsen effusion measurements with data from other techniques. J. Chem. Eng. Data 41, 543–545.
Bomberger, D.C., Gwinn, J.L., Mabey, W.R., Tus, D., Chou, T.W. (1983) Environmental fate and transport at the terrestrial-atmospheric

interface. ACS Symp. Ser. 225, 197–214.
Bond, C.A., Woodham, D.W., Ahrens, E.H., Medley, J.G. (1975) The accumulation and disappearance of mirex residues. II. In milk

and tissues of cows fed two concentrations of the insecticide in their diet. Bull. Environ. Contam. Toxicol. 14, 25–31.
Bondarenko, S., Gan, J. (2004) Degradation and sorption of selected organophosphate and carbamate insecticides in urban stream

sediments. Environ. Toxicol. Chem. 23, 1809–1914.
Boublik, T., Fried, V., Hala, E. (1984) The Vapor Pressures of Pure Substances. 2nd Edition, Elsevier, Amsterdam, The Netherlands.
Bourquin, A.W., Garnas, R.I., Pritchard, P.H., Wilkes, F.G., Cripe, C.R., Rubinstein, N.I. (1979) Interdependent microcosms for the

assessment of pollutants in the marine environment. Int. J. Environ. Studies 13, 131–140.
Bowery, T.G. (1964) In: Analytical Methods for Pesticides, Plant Growth Regulators, and Food Additives. Vol. 2, Zweig, G., Editor,

Academic Press, New York.
Bowman, B.T., Sans, W.W. (1979) The aqueous solubility of twenty-seven insecticides and related compounds. J. Environ. Sci. Health

B14(6), 625–634.
Bowman, B.T., Sans, W.W. (1983a) Further water solubility determination of insecticidal compounds. J. Environ. Sci. Health B18 (2),

221–227.
Bowman, B.T., Sans, W.W. (1983b) Determination of octanol-water partitioning coefficients (KOW) of 61 organophosphorous and

carbamate insecticides and their relationship to respective water solubility (S) values. J. Environ. Sci. Health B18 (6), 667–683.
Bowman, M.C., Acree, Jr., F., Corbett, M.K. (1960) Solubility of carbon-14 DDT in water. J. Agric. Food Chem. 8 (5), 406–408.
Bowman, M.C., Schechter, M.S., Carter, R.L. (1965) Behavior of chlorinated insecticides in a broad spectrum of soil types. J. Agric.

Food Chem. 13, 360–365.
Branson, D.R. (1978) Predicting the fate of chemicals in the aquatic environment from laboratory data. pp. 55–70. In: Estimating

the Hazard of Chemical Substances to Aquatic Life. ASTM STP 657, Cairns, Jr., J., Dickson, K.L., Maki, A.W., Editors,
American Society for Testing and Materials, Philadelphia, Pennsylvania.

Brecken-Folse, J.A., Mayer, F.L., Pedigo, L.E., Marking, L.L. (1994) Acute toxicity of 4-nitrophenol, 2,4-dinitrophenol, terbufos and
trichlorfon to grass shrimp (Palaemonetes spp.) and sheepshead minnows (Cyprinodon variegatus) as affected by salinity
and temperature. Environ. Toxicol. Chem. 13, 67–77.

Briggs, G.G. (1973) A simple relationship between soil adsorption of organic chemicals and their octanol/water partitioning coeffi-
cients. Proc. 7th British Insecticide and Fungicide Conference 1, 83–86.

Briggs, G.G. (1981) Theoretical and experimental relationships between soil adsorption, octanol-water partition coefficients, water
solubilities, bioconcentration factors, and the Parachor. J. Agric. Food Chem. 29, 1050–1059.

Bright, N.F.H., Cuthill, J.C., Woodbury, N.H. (1950) The vapor pressure of parathion and related compounds. J. Sci. Food Agric. 1, 344.
Brockway, D.L., Smith, P.D., Stancil, F.E. (1984) Fates and effects of pentachlorophenol in hard- and soft-water microcosms.

Chemosphere 13(12), 1363–1377.
Bromilow, R.H., Baker, R.J., Freeman, M.A.H., Görög, K. (1980) The degradation of aldicarb and oxamyl in soil. Pest. Sci. 11(4),

389–395.
Bromilow, R.H., Leistra, M. (1980) Measured and simulated behavior of aldicarb and its oxidation products in fallow soils. Pest. Sci.

11, 389–395.
Brooke, D., Nielsen, I., De Bruijn, J., Hermens, J. (1990) An interlaboratory evaluation of the stir-flask method for the determination

of octanol water partition coefficients. (LOG POW). Chemosphere 21, 119–133.
Brooke, D.N., Dobbs, A.J., Williams, N. (1986) Octanol/water partition coefficients (P): Measurement, estimation, and interpretation,

particularly for chemicals with P > 105. Ecotoxicol. Environ. Saf. 11, 251–260.
Brooks, G.T. (1974) Chlorinated Insecticides: Volume I: Technology and Applications. CRC Press, Cleveland, Ohio.
Bro-Rasmussen, F., Noddegaard, E., Voldum-Claussen, K. (1970) Comparison of the disappearance of eight organophosphorus

insecticides from soil in laboratory and in outdoor experiments. Pest. Sci. 1, 179–182.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3995

Broto, P., Moreau, G., Vandycke, C. (1984) Molecular structures: Perception, autocorrelation descriptor and SAR studies. System of
atomic contribution for the calculation of the n-octanol/water partition coefficients. Eur. J. Med. Chem. Chim. Term. 19, 71–78.

Brouwer, D.H., Ravensberg, J.C., De Kort, W.L.A.M., Van Hemmen, J.J. (1994) A personal sampler for inhalable mixed-phase
aerosols: modification to an existing sample and validation test with three pesticides.  Chemosphere 28, 1135–1146.

Bruggeman, W.A., Martron, L.B.J.M., Kooiman, D., Hutzinger, O. (1981) Accumulation and elimination kinetics of di-, tri-, and
tetrachlorobiphenyls by goldfish after dietary and aqueous exposure. Chemosphere 10, 811–832.

Brusseau, M.L., Rao, P.S.C. (1989) The influence of sorbate-organic matter interactions on sorption nonequilibrium. Chemosphere
18, 1691–1706.

Brust, H.F. (1966) A summary of chemical and physical properties of Dursban. Down to Earth 22(3), 21–22.
Budavari, S., Editor (1989) The Merck Index. An Encyclopedia of Chemicals, Drugs and Biologicals. 11th Edition, Merck and Co.,

Rahway, New Jersey.
Buehler, S.S., Basu, I., Hites, R. (2004) Causes of variability in pesticide and PCB concentrations in air near the Great Lakes. Environ.

Sci. Technol. 38, 414–422.
Bunce, N.J., Nakai, J.S., Yawching, M. (1991) A model for estimating the rate of chemical transformation of a VOC in the troposphere

by two pathways: Photolysis by sunlight and hydroxyl radical attack. Chemosphere 22, 305–315.
Burkhard, L.P., Kuehl, D.W., Veith, G.D. (1985) Evaluation of reverse phase liquid chromatography/mass spectrometry for estimation

of n-octanol/water partition coefficients. Chemosphere 14, 1551–1560.
Burkhard, N., Guth, J.A. (1979) Photolysis of organophosphorous insecticides on soil surfaces. Pest. Sci. 10, 313–319.
Burkhard, N., Guth, J.A. (1981) Rate of volatilisation of pesticides from soil surfaces: Comparison of calculated results with those

determined in a laboratory model system. Pest. Sci. 12(1), 37–44.
Burmaster, D.E., Menzie, C.A., Freshman, J.S., Burris, J.A., Maxwell, N.I., Drew, S.R. (1991) Assessment of methods for estimating

aquatic hazards at superfund-type sites: A cautionary tale. Environ. Toxicol. Chem. 10, 827–842.
Burns, S.E., Hassett, J.P., Rossi, M.V. (1996) Binding effects on jumic-mindiated photoreaction: intrahumic dechlorination of mirex

in water. Environ. Sci. Technol. 30, 2934–2941.
Buser, H-R., Müller, M.D. (1995) Isomer and enantioselective degradation of hexachloro-cyclohexane isomers in sewage sludge

under anaerobic conditions. Environ. Sci. Technol. 29, 664–672.
Butler, P.A. (1971) Influence of pesticides on marine ecosystems. Proc. Roy. Soc. London (Ser. B) 177, 321–329.
Butler, L.C., Stauff, D.C., Davis, R.L. (1981) Methyl parathion persistence in soil following simulated spillage. Arch. Environ. Contam.

Toxicol. 10, 451–458.
Butte, W., Fox, K., Zauke, G.P. (1991) Kinetics of bioaccumulation and clearance of isomeric hexachlorocyclohexanes. Sci. Total

Environ. 109/110, 377–382.
Butte, W., Fooken, C., Klussman, R., Schuller, D. (1981) Evaluation of lipophilic properties for a series of phenols, using reversed-

phase high performance liquid chromatography and high-performance thin-layer chromatography. J. Chromatogr. 214, 59–67.
Butte, W., Willing, A., Zanke, G.P. (1987) Bioaccumulation of phenols in zebrafish determined by a dynamic flow through test. In:

QSAR in Environmental Toxicology II. Kaiser, K.L.E., pp. 43–53, Editor, D. Reidel Publishing Company, Dordrecht, The
Netherlands.

Buxton, G.V., Greenstock, C.L., Helman, W.P., Ross, A.B. (1988) Critical review of rate constants for reactions of hydrated electrons,
hydrogen atoms and hydroxyl radicals (.OH/.O-) in aqueous solution. J. Phys. Chem. Ref. Data 17, 513–886.

Bysshe, S.E. (1982) Chapter 5, Bioconcentration factor in aquatic organisms. In: Handbook on Chemical Property Estimation Methods,
Environmental Behavior of Organic Compounds. Lyman, W.J., Reehl, W.F., Rosenblatt, D.H., Editors, McGraw-Hill, New York.

Calamari, D., Bacci, E., Forcardi, S., Gaggi, C., Morosini, M., Vighi, M. (1991) Role of plant biomass in the global environmental
partitioning of chlorinated hydrocarbons. Environ. Sci. Technol. 25, 1489–1495.

Call, D.J., Brooke, L.T., Lu, P.Y. (1980) Uptake, elimination and metabolism of three phenols by fathead minnows. Arch. Environ.
Contam. Toxicol. 9, 699–714.

Callahan, M.A., Slimak, M.W., Gabel, N.W., May, I.P., Fowler, C.F., Freed, J.R., Jennings, P., Durfee, R.L., Whitmore, F.C., Maestri,
B., Mabey, W.R., Holt, B.R., Gould, C. (1979) Water-Related Environmental Fate of 129 Priority Pollutants. Vol. 1, EPA
Report No. 440/4–79–029a, Versar, Springfield, Virginia.

Canton, J.H., Greve, P.A., Sloof, W., van Esch, G.J. (1975) Toxicity accumulation and elimination studies of alpha-hexacyclohexane
(alpha-HCH) with fresh water organisms of different trophic levels. Water Res. 9, 1163–1169.

Capel, P.D., Larson, S.J. (1995) A chemodynamic approach for estimating losses of target organic chemicals from water during
sample holding time. Chemosphere 30, 1097–1107.

Carlberg, G.E., Martinsen, K., Kringstad, A., Gjessing, E., Grande, M., Källqvist, T., Skåre, J.U. (1986) Influence of aquatic humus
on the bioavailability of chlorinated micropollutants in Atlantic salmon. Arch. Environ. Contam. Toxicol. 15, 543–548.

Carlo, C.P., Ashdown, D., Heller, V.G. (1952) The persistence of parathion, toxaphene and methoxychlor in soil. Okla. Agric. Exp.
Stn. Tech. Bull. No. T-42, 3–11.

Caro, J.H., Taylor, A.W., Freeman, H.P. (1976) Comparative behaviour of dieldrin and carbofuran in the field. Arch. Environ. Contam.
Toxicol. 3, 437–447.

Caron, G., Suffet, I.H., Belton, T. (1985) Effect of dissolved organic carbon on the environmental distribution of nonpolar organic
compounds. Chemosphere 14, 993–1000.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3996 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Carringer, R.D., Weber, J.B., Monaco, T.J. (1975) Adsorption-desorption of selected pesticides by organic matter and Montmorillonite.
J. Agric. Food Chem. 23(3), 568–572.

Carsel, R.F. (1989) Hydrologic processes affecting the movement of organic chemicals in soils. In: Reactions and Movement of
Organic Chemicals in Soils. SSSA Special Publication No. 22, Sawhney, B.L., Brown, K., Editors, pp. 439–445, Soil Science
Society of America and Society of Agronomy, Madison, Wisconsin.

Carswell, T,G., Nason, H.K. (1938) Properties and uses of pentachlorophenol. Ind. Eng. Chem. 30, 622–626.
Casida, J.E., Gatterdam, P.E., Getzin, Jr., L.W., Chapman, R.K. (1956) Residual properties of the systemic insecticide O,O-dimethyl

1-carbomethoxy-1-propen-2-yl phosphate. J. Agric. Food Chem. 4(3), 236–243.
Castro, T.F., Yoshida, T. (1971) Degradation of organochlorine insecticides in flooded soils in the Philippines. J. Agric. Food Chem.

19, 1168–1170.
Cessna, A.J., Grover, R. (1978) Spectrophotometric determination of dissociation constants of selected acidic herbicides. J. Agric.

Food Chem. 26, 289–292.
Chapman, P.M. (1989) Review of current approaches to developing sediment quality criteria. Environ. Toxicol. Chem. 8, 589–599.
Chapman, R.A., Cole, C.M. (1982) Observations on the influence of water and soil pH on the persistence of insecticides. J. Environ.

Sci. Health B17, 487–504.
Chen, F., Holten-Andersen, J., Tyle, H. (1993) New developments of the UNIFAC model for environmental application. Chemosphere

26, 1325–1354.
Chessells, M., Hawker, D.W., Connell, D.W. (1992) Influence of solubility on bioconcentration of hydrophobic compounds. Ecotox-

icol. Environ. Saf. 23, 260–273.
Cheung, B. (1984) Environmental modelling studies of hazardous substances in Ontario. M.A. Sc. Thesis, University of Toronto,

Toronto, Canada. 
Chigareva, O.I. (1973) Metaphos distribution in fish organs and tissues. Tr., Vses. Nauchno-Issled. Inst. Vet. Sanit. 46, 102. 
Chin, Y.P., Weber, Jr., W.J., Chiou, C.T. (1991) Chapter 14, A thermodynamic partition model for binding of nonpolar organic

compounds by organic colloids and implications for their sorption to soils and sediments. In: Organic Substances and
Sediments in Water. Vol. 1. Baker, R.A., Editor, pp. 251–273, Lewis Publishers, Inc., Chelsea, Michigan.

Chin, Y.P., Weber, Jr., W.J., Voice, T.C. (1986) Determination of partition coefficients and aqueous solubilities by reverse phase
chromatography-II. Water Res. 20(11), 1443–1450.

Chiou, C.T. (1981) Partition coefficient and water solubility in environmental chemistry. In: Hazard Assessment of Chemicals. Current
Development. Vol. 1, Saxena, J., Fisher, F., Eds, pp. 117–153, Academic Press, N.Y.

Chiou, C.T. (1985) Partition coefficients of organic compounds in lipid-water systems and correlations with fish concentration factors.
Environ. Sci. Technol. 19, 57–62.

Chiou, C.T., Freed, V.H. (1977) Chemodynamic Studies on Bench Mark Industrial Chemicals. NSF/RA-770286 prepared for Research
Applied to National Needs, National Science Foundation, Washington DC.

Chiou, C.T., Freed, V.H., Schmedding, D.W., Kohnert, R. (1977) Partition coefficient and bioaccumulation of selected organic
chemicals. Environ. Sci. Technol. 11(5), 475–478.

Chiou, C.T., Freed, V.H., Peters, L.J., Kohnert, R.L. (1980) Evaporation of solutes from water. Environ. Internat. 3, 231–236.
Chiou, C.T., Kile, D.E., Brinton, T.I., Malcolm, R.L., Leenheer, J.A., MacCarthy, P. (1987) A comparison of water solubility

enhancements of organic solutes by aquatic humic materials and commercial humic acids. Environ. Sci. Technol. 21, 1231.
Chiou, C.T., Kile, D.E., Rutherford, D.W. (1991) The natural oil in commercial linear alkylbenzenesulfonate and its effect on organic

solute solubility in water. Environ. Sci. Technol. 25, 660–665.
Chiou, C.T., Malcolm, R.L., Brinton, T.I., Kile, D.E. (1986) Water solubility enhancement of some organic pollutants and pesticides

by dissolved humic and fulvic acids. Environ. Sci. Technol. 20, 502–508.
Chiou, C.T., Peters, L.J., Freed, V.H. (1979) A physical concept of soil-water equilibria for nonionic organic compounds. Science

206, 831–832.
Chiou, C T., Porter, P.E., Schmedding, D.W. (1983) Partition equilibria of nonionic organic compounds between soil organic matter

and water. Environ. Sci. Technol. 17, 227–231.
Chiou, C.T., Schmedding, D.W. (1981) Measurement and interrelation of octanol-water partition coefficient and water solubility of

organic chemicals. In: Test Protocols for Environmental Fate and Movement of Toxicants. J. Assoc. Anal. Chem., Arlington,
Virginia.

Chiou, C.T., Schmedding, D.W., Manes, M. (1982) Partitioning of organic compounds in octanol-water system. Environ. Sci. Technol.
16, 4–10.

Cho, H.-H., Park, J.-W., Liu, C.K. (2002) Effect of molecular structures on the solubility enhancement of hydrophobic organic
compounds by environmental amphiphiles. Environ. Toxicol. Chem. 21, 999–1003.

Choi, W.-W., Chen, K.Y. (1976) Associations of chlorinated hydrocarbons with fine particles and humic substances in nearshore
surficial sediments. Environ. Sci. Technol. 10(8), 782–786.

Claborn, H.W., Bowers, J.W., Wells, R.W., Redeleff, R.D., Nickerson, W.J. (1953) Meat contamination from pesticides. Agric. Chem. 8,
37–39, 119, 121.

Claborn, H.W., Redeleff, R.D., Bushland, R.C. (1953) Pesticide Residue in Meat and Milk. Agriculture Research Service, U.S. Dept.
of Agriculture, Washington DC.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3997

Clark, J.R., Goodman, L.R., Borthwick, P.W., Patrick, Jr., J.M., Cripe, G.M., Moody, P.M., Moore, J.C., Lores, E.M. (1989) Toxicity
of pyrethroids to marine invertebrates and fish: A literature review and test results with sediment-sorbed chemicals. Environ.
Toxicol. Chem. 8, 393–401. 

CLOGP (1986) Medchem Project of Pomona College, Claremont, California.
Coats, J.R., O’Donnell-Jeffery, N.L. (1979) Toxicity of four synthetic pyrethroid insecticides to rainbow trout. Bull. Environ. Contam.

Toxicol. 23, 250–258.
Comba, M.E., Nostrom, R.J., Macdonald, C.R., Kaiser, K.L.E. (1993) A Lake Ontario-Gulf of St. Lawrence dynamic mass budget

for mirex. Environ. Sci. Technol. 27, 2198–2206.
Connell, D.W., Bowman, M., Hawker, D.W. (1988) Bioconcentration of chlorinated hydrocarbons from sediment by oligochaetes.

Ecotoxicol. Environ. Saf. 16, 293–302.
Connell, D.W., Hawker, D.W. (1986) Bioconcentration of lipophilic compounds by some aquatic organisms. Ecotoxicol. Environ.

Saf. 11, 184–197.
Connell, D.W., Markwell, R.D. (1990) Bioaccumulation in the soil to earthworm system. Chemosphere 20(1–2), 91–100.
Conte, F.S., Parker, J.C. (1975) Effect of aerially-applied malathion on juvenile brown and white shrimp Penaeus aztecus and Penaeus

setiferus. Trans. Am. Fish Soc. 104, 793–799.
Cook, R.F. (1973) Carbofuron. In: Analytical Methods for Pesticides and Plant Growth Regulators. Vol. 7, Zweig, G., Editor, pp.

187–210, Academic Press, New York.
Coppedge, J.R., Lindquist, D.A., Bull, D.L., Dorough, H.W. (1967) Fate of 2-methyl-2-(methylthio)propinaldehyde O-(methylcar-

bamoyl) oxime (Temik) in cotton plants and soil. J. Agric. Food Chem. 15(5), 902–910.
Corwin, D.L., Farmer, W.J. (1984) Non-single-valued adsorption-desorption of bromacil and diquat by freshwater sediments. Environ.

Sci. Technol. 18, 507–514.
Cotham, W.E., Bidleman, T.F. (1989) Degradation of malathion, endosulfan and fenvalerate in seawater and seawater/sediment

microcosms. J. Agric. Food Chem. 37, 824–828.
Cotham, W.E., Bidleman, T F. (1991) Estimating the deposition of organic contaminants to the Arctic. Chemosphere 22, 165–188. 
Cotham, W.E., Bidleman, T.F. (1992) Laboratory investigations of the partitioning of organochlorine compounds between the gas

phase and atmospheric aerosols on glass fiber filters.  Environ. Sci. Technol. 26, 469–478.
Cowart, R.P., Bonner, F.L., Epps, Jr., E.A. (1971) Rate of hydrolysis of seven organophosphate pesticides. Bull. Environ. Contam.

Toxicol. 6, 231–234.
Cox, J.L. (1970) Low ambient level uptake of 14C-DDT by three species of marine phytoplankton. Bull. Environ. Contam. Toxicol.

5, 218.
Cripe, C.R., Walker, W.W., Pritchard, P.H., Bourquin, A.W. (1987) A shake-flask test for estimation of biodegradability of toxic organic

substances in the aquatic environment. Ecotox. Environ. Saf. 14, 239–251.
Crosby, D.G., Tucker, R.K. (1971) Accumulation of DDT by Daphnia magna. Environ. Sci. Technol. 5, 714–716.
Crosby, T. (1981) Environmental chemistry of pentachlorophenol. Pure Appl. Chem. 53, 1051–1080.
Crossland, N.O., Wolff, C.J.M. (1985) Fate and biological effects of pentachlorophenol in outdoor ponds. Environ. Toxicol. Chem.

4, 73–86.
Dao, T.H., Lavy, T.L., Dragun, J. (1983) Rationale of the solvent selection for soil extraction of pesticide residues. Res. Rev. 87, 91–104.
David, W.A.L., Metcalf, R.L., Winton, M. (1960) The systematic insecticidal properties of certain carbamates. J. Econ. Entmol. 53,

1021–1025.
Davidson, J.M., Ou, L.T., Rao, P.S.C. (1980) Adsorption, movement, and biological degradation of high concentration of selected

pesticides in soils. EPA-600-/2–80–124. U S EPA, Cincinnati, Ohio. 
Davies, J.E., Lee, J.A. (1987) Changing profiles in human health effects of pesticides. Pestic. Sci. Biotechnol. 53.
Davies, R.P., Dobbs, A.J. (1984) The prediction of bioconcentration in fish. Water Res. 18(10), 1253–1262.
Dean, J., Editor (1985) Lange’s Handbook of Chemistry. 13th Edition, McGraw-Hill, New York.
Dearth, M.A., Hites, R.A. (1991) Depuration rates of chlordane compounds from rat fat. Environ. Sci. Technol. 25(6), 1125–1128.
De Bruijn, J., Busser, F., Seinen, W., Hermens, J. (1989) Determination of octanol/water partition coefficients for hydrophobic organic

chemicals with the “slow-stirring” method. Environ. Toxicol. Chem. 8, 499–512.
De Bruijn, J., Hermens, J. (1991) Uptake and elimination kinetics of organophosphorus pesticides in the guppy (Poecilia reticulata):

Correlations with the octanol/water partition coefficient. Environ. Toxicol. Chem. 10, 791–804.
De Bruijn, J., Seinen, W., Hermens, J. (1993) Biotransformation of organophosphorus compounds by rainbow trout (Oncorhynchus

mykiss) liver in relation to bioconcentration. Environ. Toxicol. Chem. 12, 1041–1050.
Decker, G.C., Weinman, C.J., Bann, J.M. (1950) A preliminary report on the rate of insecticide residue loss from treated plants.

J. Econ. Entomol. 43, 919.
Delle Site, A. (2001) Factors affecting sorption of organic compounds in natural sorbent/water systems and sorption coefficients for

selected pollutants. A review. J. Phys. Chem. Ref. Data 30, 187–439.
De Kock, A.C., Lord, D.A. (1987) A simple procedure for determining octanol-water partition coefficients using reverse phase high

performance liquid chromatography (RPHPLC). Chemosphere 16(1), 133–142.
De Kreuk, J.F., Hanstveit, A O. (1981) Determination of the biodegradability of the organic fraction of chemical wastes. Chemosphere

10, 561–575.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



3998 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

De La Cruz, A.A., Rajanna, B. (1975) Mirex incorporation in the environment: Uptake and distribution in crop seedlings. Bull.
Environ. Contam. Toxicol. 14, 38–42.

Delaune, R.D., Gambrell, R.P., Reddy, K.S. (1983) Fate of pentachlorophenol in estuarine sediment. Environ. Pollut. Series B6,
297–308.

Delorme, P.D., Muir, D.C.G., Lockhart, W.L., Mills, K.H., Ward, F.J. (1993) Depuration of toxaphene in lake trout and white suckers
in a natural ecosystem following a single I.P. dose. Chemosphere 27(10), 1965–1973.

Demayo, A. (1972) Gas chromatographic determination of the rate constant for the hydrolysis of heptachlor. Bull. Environ. Contam.
Toxicol. 8(4), 234–237.

Demozay, D., Marechal, G. (1972) Physical and chemical properties in lindane: Monograph of an insecticide, E. Ulman, pp. 15–21,
K. Schiller, Freiburg im Breisgau.

Deneer, J.W. (1993) Uptake and elimination of chlorpyrifos in the guppy at sublethal and lethal aqueous concentrations. Chemosphere
26(9), 1607–1616.

Deneer, J.W. (1994) Bioconcentration of chlorpyrifos by the three-spined stickleback under laboratory and field conditions. Chemo-
sphere 29(7), 1561–1575.

Deutsche Forschungsgemeinschaft (1983) Hexachlorcyclohexan als Schadstoff in Lebensmitteln. Verlag Chemie, Weinheim, Germany.
13p.

Devillers, J., Bintein, S., Domine, D. (1996) Comparison of BCF models based on log P. Chemosphere 33(6), 1047–1065.
Devillers, J., Thioulouse, J., Domine, D., Chastrette, M., Karcher, W. (1991) Multivariate analysis of the input and output data in the

fugacity model level I. In: Applied Multivariate Analysis in SAR and Environmental Studies. Devillers, J., Karcher, W.
Editors, Kluwer Academic Publishers, Dordrecht, The Netherlands.

Dickson, W. (1956) The vapour pressure of 1:1:p:p’-dichlorodiphenyl trichloroethane (D.D.T.).  Trans. Farad. Soc. 52, 31–35.
Dierberg, F.E., Pfeuffer, R.J. (1983) Fate of ethion in canals draining a Florida citrus grove. J. Agric. Food Chem. 31, 704–709.
Dilling, W.L., Lickly, L.C., Lickly, T.D., Murphy, P.G., McKellar, R.L. (1984) Organic photochemistry. 19. Quantum yields for

O,O-diethyl O-(3,5,6-trichloro-2-pyridinal) phosphorothioate and 3,5,6-trichloro-2-pyridinol in dilute aqueous solutions and
their environmental transformation rates. Environ. Sci. Technol. 18, 540–543.

Di Toro, D.M. (1985) A particle interaction model of reversible organic chemical sorption. Chemosphere 14, 1503–1538. 
Dobbs, A.J., Cull, M.R. (1982) Volatilization of chemicals-relative loss rates and the estimation of vapor pressures. Environ. Pollut.

(series B) 3, 289–298.
Dobbs, A.J., Grant, C. (1980) Pesticide volatilisation rates—A new measure of the vapour pressure of pentachlorophenol at room

temperature. Pest. Sci. 11, 29–32.
Doedens, J.D., Editor (1967) Lange’s Handbook of Chemistry. McGraw-Hill, New York.
Domsch, K H. (1984) Effects of pesticides and heavy metals on biological processes in soil. Plant Soil 76, 367–378.
Donovan, S.F. (1996) New method for estimating vapor pressure by the use of gas chromatography. J. Chromatogr. A, 749,

123–129.
Donovan, S.F., Pescatore, M.C. (2002) Method for measuring the logarithm of the octanol-water partition coefficient by using

short octadecyl-poly-poly(vinyl alcohol) high-performance liquid chromatography columns. J. Chromatog. A, 952,
47–61.

Dörfler, U., Adler-Köhler, R., Schneider, P., Scheunert, I., Korte, F. (1991) A laboratory model system for determining the volatility
of pesticides from soil and plant surfaces. Chemosphere 23, 485–496.

Dorough, H.W., Hemken, R.W. (1973) Chlordane residues in milk and fat of cows fed HCS 3260 (High Purity Chlordane) in the
diet. Bull. Environ. Contam. Toxicol. 10, 208–216.

Dorough, H.W., Ivie, G.W. (1974) Fate of mirex-carbon-14 during and after a 28-day feeding period to a lactating cow. J. Environ.
Qual. 3(1), 65–67.

Dorough, H.W., Huhtanen, K., Marshall, T.C., Bryant, H.E. (1978) Fate of endosulfan in rats and toxicological conditions of apolar
metabolites. Pest. Biochem. Physio. 8, 241–252.

Dorough, H.W., Pass, B.C. (1973) Residues in corn and soils treated with technical chlordane and high-purity chlordane (HS3260).
J. Econ. Entomol. 65, 976–979.

Dowd, J.F., Bush, P.B., Neary, D.G., Taylor, J.W., Berisford, Y.C. (1993) Modeling pesticide movement in forested watersheds: Use
of PRSM for evaluating pesticide options in loblolly pine stand management. Environ. Toxicol. Chem. 12, 429–439.

Drahonovsky, J., Vacek, Z. (1971) Dissoziations konstanten und austauscherchromatographie chlorieter phenole. Coll. Czech. Chem.
Commun. 36(10), 3431–3440.

Drabel, J., Bachmann, F. (1983) Proinsecticides: structure-activity relationships in carbamoylsulfenyl N-methylcarbamates. In:
Synthesis and Structure-Activity Relationships. Doyle, P., Fujita, T., Eds., pp. 271–277, Pergamon Press, Oxford, England.

Eadie, B.J., Robbins, J.A. (1987) 11. The role of particulate matter in the movement of contaminants in the Great Lakes. In: Sources
and Fates of Aquatic Pollutants. Hites, R.A., Eisenreich, S.J., Editors, pp. 318–364, Advances Chemistry Series 216, American
Chemical Society, Washington DC.

Eadsforth, C.V. (1986) Application of reverse-phase HPLC for determination of partition coefficients. Pest. Sci. 17, 311–325.
Eadsforth, C.V., Moser, P. (1983) Assessment of reverse phase chromatographic methods for determining partition coefficients.

Chemosphere 12, 1459–1475.
Edwards, C.A. (1973) Persistence Pesticides in the Environment. 2nd edition, CRC Press, Cleveland, Ohio.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 3999

Eichelberger, J.W., Lichtenberg, J.J. (1971) Persistence of pesticides in river water. Environ. Sci. Technol. 5, 541–544.
Eichler, W., Editor (1965) Hanbuch der Insectizidkunde. Veb. Verlag Volk. Gesundheit, Berlin.
Elgar, K.E. (1983) Pesticides residues in water - an appraisal. In: Pesticide Chemistry: Human Welfare and The Environment. Vol. 4,

Miyamoto, J., Kearney, P.C., Editors, International Union of Pure and Applied Chemistry, Pergamon Press, Oxford, England.
Ellgehausen, H., D’Hondt, C., Fuerer, R. (1981) Reversed-phase chromatography as a general method for determining octanol/water

partition coefficients. Pest. Sci. 12, 219–227.
Ellgehausen, H., Guth, J.A., Esser, H.O. (1980) Factors determining bioaccumulation potential of pesticides in the individual compart-

ments of aquatic food chains. Ecotoxicol. Environ. Saf. 4, 134–157.
Ellington, J.J. (1989)  Hydrolysis Rate Constants for Enhancing Property-Reactivity Relationships.  EPA/600/3-89/063. NTIS PB89-

220479.  US EPA, Environmental Research Laboratory, Athens, Georgia.
Ellington, J.J., Stancil, F.E., Payne, W.D. (1986) Measurement of Hydrolysis Rate Constants for Evaluation of Hazardous Waste

Land Disposal. Volume 1, Data on 32 chemicals. U.S. EPA-600/3-86/043, Washington DC.
Ellington, J.J., Stancil, F.E., Payne, W.D. (1987) Measurement of Hydrolysis Rate Constants for Evaluation of Hazardous Waste

Land Disposal. Vol. 2, Data on 54 chemicals. US EPA-600/53-87/019, Washington DC.
Ellington, J.J. et al. (1988) Measurement of Hydrolysis Rate Constants for Evaluation of Hazardous Waste Land Disposal. Volume 3.

U.S. EPA 600/3-88/028, Washington DC.
Elzerman, A.W., Coates, J.T. (1987) 10. Hydrophobic organic compounds on sediments: Equilibria and kinetics of sorption. In: Sources

and Fates of Aquatic Pollutants. Hites, R.A., Eisenreich, S.J., Editors, pp. 263–317, Advances Chemistry Series 216, American
Chemical Society, Washington D.C.

Ernst, W. (1977) Determination of the bioconcentration potential of a marine organisms—A steady state approach. Chemosphere 6,
731–740.

Evans, M.S., Noguchi, G.E., Rice, C.P. (1991) The biomagnification of polychlorinated biphenyls, toxaphene, and DDT compounds
in a Lake Michigan offshore food web. Arch. Environ. Contam. Toxicol. 20, 87–93.

Eye, J.D. (1968) Aqueous transport of dieldrin residues in soils. J. Water Pollut. Control Fed. 40, R316-R332.
Farquharson, M.E., Gage, J.C., Northover, J. (1958) The biological action of chlorophenols. Brit. J. Pharmacol. 13, 20.
Faust, B.C., Hoigné, J. (1990) Photolysis of Fe (III)-hydroxy complexes as sources of OH radicals in clouds, fog and rain. Atmos.

Environ. 24A, 79–89.
Faust, S.D., Gomaa, H.M. (1972) Chemical hydrolysis of some organic phosphorous and carbamate pesticides in aquatic environments.

Environ. Lett. 3, 171–201.
Feigenbrugel, V., Le Calvé, S., Mirabel, P. (2004) Temperature dependence of Henry’s law constants of metolachlor and diazinon.

Chemosphere 57, 319–327.
Felsot, A., Dahm, P.A. (1979) Sorption of organophosphorous and carbamate insecticides by soil. J. Agric. Food Chem. 27, 557–563.
Felsot, A., Wilson, J. (1980) Adsorption of carbofuran and movement on soil thin layers. Bull. Environ. Contam. Toxicol. 24, 778–782.
Ferreira, G.A., Seiber, J.N. (1981) Volatilization and exudation losses of three N-methyl-carbamate insecticides applied systemically

to rice. J. Agric. Food Chem. 29, 93–99.
Fendinger, N.J., Glotfelty, D.E. (1988) A laboratory method for the experimental determination of air/water Henry’s law constants

for several pesticides. Environ. Sci. Technol. 22, 1289–1293.
Fendinger, N.J., Glotfelty, D.E. (1990) Henry’s law constants for selected pesticides, PAHs and PCBs. Environ. Toxicol. Chem. 9,

731–735.
Fendinger, N.J., Glotfelty, D.E., Freeman, H.P. (1989) Comparison of two experimental techniques for determining air/water Henry’s

law constants. Environ. Sci. Technol. 23(12), 1528–1531.
Finizio, A., Vighi, M., Sandroni, D. (1997) Determination of n-octanol/water partition coefficient (KOW) of pesticide, critical review

and comparison of methods. Chemosphere 34, 131–161.
Firestone, D. (1977) Chemistry and analysis of pentachlorophenol and its contaminants. Division of Chemistry and Physics, Bureau

of Foods. FDA By-Lines No. 2, September, 1977.
Fisher, D.J., Clark, J.R. (1990) Bioaccumulation of kepone by grass shrimp (Palaemonetes pugio): importance of dietary accumulation

and food ration. Aqua. Toxicol. 17, 167–186.
Fisher, D.J., Clark, J.E., Roberts, Jr., M.H., Connolly, J.P., Mueller, L.H. (1986) Bioaccumulation of kepone by spot (Leiostomus

xanthurus): importance of dietary accumulation and ingestion rate. Aqua. Toxicol. 9, 161–178.
Fischer, R.C., Krämer, W., Ballschmiter, K. (1991) Hexachlorocyclohexane isomers as markers in the water flow of Atlantic Ocean.

Chemosphere 23, 889–900.
Fisher, S.W., Lydy, M.J., Barger, J., Landrum, P.F. (1993) Quantitative structure-activity relationships for predicting the toxicity of

pesticides in aquatic systems with sediment. Environ. Toxicol. Chem. 12, 1307–1318.
Fisk, A.T., Bosenberg, B., Cymbalisty, C.D., Stern, G.A., Muir, D.C.G. (1999) Octanol/water partition coefficients of toxaphene

congeners determined by the “slow-stirring” method. Chemophere 39, 2549–2562.
Fisk, A.T., Norstrom, R.J., Cymbalisty, C.D., Muir, D.C.G. (1998) Dietary accumulation and depuration of hydrophobic organochlo-

rines: bioaccumulation parameters and their relationship with the octanol/water partition coefficient.  Environ. Toxicol. Chem.
17, 951–961.

Fogel, S., Lancione, R., Sewall, A., Boethling, R.S. (1982) Enhanced biodegradation of methoxychlor in soil under enhanced environ-
mental conditions. Appl. Environ. Microbiol. 44, 113–120.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4000 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Fordham, C.L., Reagan, D.P. (1991) Pathways analysis method for estimating water and sediment criteria at hazardous waster sites.
Environ. Toxicol. Chem. 10, 949–960.

Foreman, W.T., Bidleman, T.F. (1987) An experimental system for investigating vapor-particle partitioning of trace organic pollutants.
Environ. Sci. Technol. 21, 869–875.

Frank, R. (1981) Pesticides and PCB in the Grand and Saugeen River Basins. J. Great Lakes Res. 7, 440–454.
Fraser, A.J., Burkow, I.C., Wolkers, Mackay, D. (2002) Modeling biomagnification and metabolism of contaminants in harp seals of

the Barents Sea. Environ. Toxicol. Chem. 21, 55–61.
Freed, V.H. (1976) Solubility, hydrolysis, dissolution constants and other constants of benchmark pesticides. In: A Literature Survey

of Benchmark Pesticides. George Washington University Medical Center, Washington, DC.
Freed, V.H., Chiou, C.T., Haque, R. (1977) Chemodynamics: Transport and behavior of chemicals in the environment - A problem

in environmental health. Environ. Health Perspect. 20, 55–70.
Freed, V.H., Chiou, C.T., Schmedding, D.W. (1979) Degradation of selected organophosphorous pesticides in water and soil. J. Agric.

Food Chem. 27, 706–708.
Freed, V.H., Kaufman, D.D., Metcalf, R.L., Farmer, W.J., Crosby, D.G., Spencer, W. (1976) Chemodynamics: Transport and Behavior

of Chemicals in the Environment - A Problem in Environmental Health. George Washington University Medical Center,
Washington, D.C.

Freed, V.H., Schmedding, D.W., Kohnert, R., Haque, R. (1979) Physical chemical properties of several organophosphates: Some
implications in environmental and biological behavior. Pest. Biochem. Physiol. 10, 203–211.

Freeman, H.P., Taylor, A.W., Edwards, W.M. (1975) Heptachlor and dieldren disappearance from a field soil measured by annual
residue determinations. J. Agric. Food Chem. 23, 1101–1105.

Freitag, D., Geyer, H., Kraus, A., Viswanathan, R., Kozias, D., Attar, A., Klein, W., Korte, F. (1982) Ecotoxicological profile analysis.
VII. Screening chemicals for their environmental behavior by comparative evaluation. Ecotox. Environ. Saf. 6, 60–81.

Freitag, D., Balhorn, L., Geyer, H., Körte, F. (1985) Environmental hazard profile of organic chemicals. An experimental method
for the assessment of the behaviour of chemicals in the ecosphere by simple laboratory tests with C-14 labelled chemicals.
Chemosphere 14, 1589–1616.

Freitag, D., Lay, J.P., Körte, F. (1984) Environmental hazard profile—Test results as related to structures and translation into the
environment. In: QSAR in Environmental Toxicology. Kaiser, K.L.E., Editor, pp. 111–136, D. Reidel Publishing Co.,
Dordrecht, The Netherlands.

Fries, G.F., Marrow, G.S., Gordon, C.H. (1969) Comparative excretion and retention of DDT analogs by dairy cows. J. Dairy Sci. 52,
1801–1805.

Fröbe, Z., Drevenkar, V., Štengl, B. (1989) Sorption behaviour of some organophosphorus pesticides in natural sediments. Toxicol.
Environ. Chem. 19, 69–82.

Fujita, T., Iwasa, J., Hansch, C. (1964) A new substituent constant ’pi’ derived from partition coefficients. J. Am. Chem. Soc. 86,
5175–5180.

Fujita, T., Kamoshita, K., Nishioka, T., Nakajima, M. (1974) Physicochemical parameters for structure-activity studies of substituted
phenyl N-methyl-carbamates. Agric. Biol. Chem. 38, 1521–1528.

Fuhremann, T.W., Lichtenstein, E.P. (1980) A comparative study of the persistence, movement, and metabolism of six carbon-14
insecticides in soils and plants. J. Agric. Food Chem. 28, 446–452.

Fung, K.K.H., Uren, N.C. (1977) Microbial transformation of S-methyl N-[(methyl-carbamoyl)oxy]thioacitimidate. J. Agric. Food
Chem. 25, 966–969.

Garst, J.E. (1984) Accurate, wide range, automated, high performance liquid chromatographic method for the estimation of
octanol/water partition coefficients. II: Equilibration in partition coefficient measurements, additivity of substituent-constants
and correlation of biological data.  J. Pharm. Sci. 73(11), 1623–1629.

Garst, J.E., Wilson, W.C. (1984) Accurate, wide-range, automated, high-performance liquid chromatographic method for the estima-
tion of octanol/water partition coefficients. I: Effect of chromatographic conditions and procedure variables on accuracy and
reproducibility of the method. J. Pharm. Sci. 73(11), 1616–1623.

Garten, Jr., C.T., Trabalka, J.R. (1983) Evaluation of models for predicting terrestrial food chain behavior of xenobiotics. Environ.
Sci. Technol. 17, 590–595.

Gautier, C., Le Calvé, S., Miabel, P. (2003) Henry’s law constants measurements of alachlor and dichlorvos between 283 and 298
K.  Atmos. Environ. 37, 2437–2453.

Gawlik,. B.M., Feicht, E.A., Karcher, W., Kettup, A., Mujntau, H. (1998) Application of the European reference soil set (EUROSOILS)
to a HPLC-screening method for the estimation of soil adsorption coefficients of organic compounds. Chemosphere 36,
2903–2919.

Gawlik, B.M., Bo, F., Kettrup, A., Muntau, H. (1999a) Characterisation of a second generation of European reference soils for
sorption studies in the framework of chemical testing - Part I: chemical composition and pedological properties. Sci. Total
Environ. 229, 99–107.

Gawlik, B.M., Kettrup, A., Muntau, H. (1999b) Characterisation of a second generation of European reference soils for sorption
studies in the framework of chemical testing - Part II: soil adsorption behaviour of organic chemicals. Sci. Total Environ.
229, 109–120.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4001

Gawlik, B.M., Kettrup, A., Muntau, H. (2000) Estimation of soil adsorption coefficients of organic compounds by HPLC screening
using the second generation of the European reference soil set. Chemosphere 41,7–1347.

Gebefügi, I., Parlar, H., Körte, F. (1979) Occurrence of pentachlorophenol in enclosed environments. Ecotox. Environ. Saf. 3, 269–300.
GEMS (1986) Graphical Exposure Modeling Systems. Fate of Atmosphere Pollutants (FAP). Office of Toxic Substances, U.S. EPA,

Washington, D.C.
Gerstl, Z. (1984) Adsorption, decomposition and movement of oxamyl in soil. Pestic. Sci. 15, 9–17.
Gerstl., Z. (1990) Estimation of organic chemical sorption by soils.  J. Contam. Hydrology 6, 357–375.
Gerstl, Z., Helling, C.S. (1987) Evaluation of molecular connectivity as a predictive method for the adsorption of pesticides by soils.

J. Environ. Sci. Health B22, 55–69.
Gerstl, Z., Mingelgrin, U. (1984) Sorption of organic substances by soils and sediments. J. Environ. Sci. Health B19(3), 297–312.
Getzin, L.W. (1981a) Degradation of chlorpyrifos in soil: Influence of autoclaving, soil moisture, and temperature. J. Econ. Entomol.

74, 158–162.
Getzin, L.W. (1981b) Dissipation of chlorpyrifos from dry soil surfaces. J. Econ. Entomol. 74(6), 707–713.
Geyer, H., Kraus, A.G., Klein, W., Richter, E., Körte, F. (1980) Relationship between water solubility and bioaccumulation potential

of organic chemicals in rats. Chemosphere 9, 277–291.
Geyer, H., Politzki, G., Freitag, D. (1984) Prediction of ecotoxicological behaviour of chemicals: Relationship between n-octanol/water

partition coefficient and bioaccumulation of organic chemicals by alga Chlorella. Chemosphere 13, 269–284.
Geyer, H.J., Rimkus, G.G., Scheunert, I., Kaune, A., Schramm, K.-W., Kettrup, A., Zeeman, M., Muir, D.C.G., Hansen, L.G., Mackay,

D. (2000) Bioaccumulation and occurrence of endocrine-disrupting chemicals (EDCs), persistent organic pollutants (POPs),
and other organic compounds in fish and orther organisms including humans. In: The Handbook of Environmental Chemistry,
Vol. 2, Part J Bioaccumulation. Beek, B., Ed., pp. 1–166, Springer-Verlag, Berlin Heidelberg.

Geyer, H., Scheunert, I., Brüggemann, R., Langer, D., Körte, F., Kettrup, A., Mansour, M., Steinberg, C.E.W., Nyholm, N., Muir,
D.C.G. (1997) Half-lives and bioconcentration of lindane (γ-HCH) in different fish species and relationship with their lipid
content. Chemosphere 35, 343–351.

Geyer, H., Scheunert, I., Brüggemann, R., Steinberg, C., Körte, F., Kettrup, A. (1991) QSAR for organic chemical bioconcentration
in daphnia, algae, and mussels. Sci. Total Environ. 109/110, 387–394.

Geyer, H., Scheunert, I., Körte, F. (1987) Correlation between the bioconcentration potential of organic environmental chemicals in
humans and their n-octanol/water partition coefficients. Chemosphere 16, 239–252.

Geyer, H., Sheehan, P., Kotzias, D., Freitag, D., Korte, F. (1982)  Prediction of ecotoxicological behaviour of chemicals: Relationship
between physico-chemical properties and bioaccumulation of organic chemicals in the mussel Mytilus edulis.  Chemosphere
11, 1121–1134.

Geyer, H., Viswanathan, R., Freitag, D., Korte, F. (1981) Relationship between water solubility of organic chemicals and their
bioaccumulation by alga Chlorella. Chemosphere 10, 1307–1313.

Giustini, A., Brunetti, B., Piacente, V. (1998) A sublimation study of lindane. J. Chem. Eng. Data 43, 447–450.
Gish, C.D., Hughes, D.L. (1982) Residues of DDT, dieldrin and heptachlor in earthworms during two years following application.

U.S. Fish Wildlife Serv. Spec. Sci. Rep.: Wildlife. 241.
Given, C.J., Dierberg, F.E. (1985) Effect of pH on the rate of aldicarb hydrolysis. Bull. Environ. Cantam. Toxicol. 34, 627–633.
Glassmeyer, S.L., de Vault, D., Hites, R. (2000) Rates at which toxaphene concentration decrease in lake trout form the Great Lakes.

Environ. Sci. Technol. 34, 1851–1856. 
Glooschenko, V. et al. (1979) Bioconcentration of chlordane by the green alga Senedesmus quadricauda. Bull. Environ. Contam.

Toxicol. 21, 515–520.
Glotfelty, D.E. (1981) Atmospheric dispersion of pesticides from treated fields. Ph.D. Thesis, pp. 94–187, University of Maryland,

College Park, Maryland. 
Glotfelty, D.E., Taylor, A.W., Turner, B.C., Zoller, W.H. (1984) Volatilization of surface-applied pesticides from fallow soils. J. Agric.

Food Chem. 32, 638–643.
Glotfelty, D E., Leech, M.M., Jersey, J., Taylor, A.W. (1989) Volatilization and wind erosion of soil surface applied atrazine, simazine,

alachlor, and toxaphene. J. Agric. Food Chem. 37, 546–551.
Glotfelty, D.E., Schomburg, C.J., McChesney, M.M., Sagebiel, J.C., Seiber, J.N. (1990) Studies of the distribution, drift, and

volatilization of diazinon resulting from spray application to a dormant peach orchard. Chemosphere 21(10–11), 1303–1314.
Gobas, F.A.P.C., Clark, K.E., Shiu, W.Y., Mackay, D. (1989) Bioconcentration of polybrominated benzenes and biphenyls and related

superhydrophobic chemicals in fish: Role of bioavailability and elimination into the feces. Environ. Toxicol. Chem. 8,
231–245.

Goerlitz, D.F., Troutman, D.E., Godsy, E.M., Franks, B.J. (1985) Migration of wood-preserving chemicals in contaminated ground
water in sand aquifer at Pensacola, Florida. Environ. Sci. Technol. 19, 955–961.

Goll, O. (1954) Chlorophenol. In: Ullmans Encyklopädie der Technischen Cheme. Foerst, W., Ed., pp. 494–499, Urban and Schwarzenberg,
Munich/Berlin.

Gomaa, H.M., Suffert, I.H., Faust, S.D. (1969) Kinetics of hydrolysis of diazinon. Residue Rev. 29, 171.
Gomaa, H.M., Faust, S.D. (1972) Chemical hydrolysis and oxidation of parathion and paraoxon in aquatic environments. In: Fate of

Organic Pesticides in the Aquatic Environment. pp. 189–209. Advances Chem. Ser. III. Washington, D.C.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4002 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Goodman, M.A. (1997) Vapor pressure of agrochemicals by the Knudsen effusion method using a quartz crystal microbalance. J. Chem.
Eng. Data 42, 1227–1231.

Görge, G., Nagel, R. (1990) Kinetics and metabolism of 14-C-lindane and 14-C-atrazine in early life stages of zebrafish (Brachdanio
rerio). Chemosphere 21, 1125–1137.

Grain, C.F. (1982) Chapter 14, Vapor pressure. In: Handbook on Chemical Property Estimation Methods, Environmental Behavior
of Organic Compounds. Lyman, W.J., Reehl, W.F., Rosenblatt, D.H., Editors, McGraw-Hill, Inc., New York.

Gramatica, P., Corradi, M., Consonni, V (2000) Modelling and prediction of soil sorption coefficients of non-ionic organic pesticides
by molecular descriptors. Chemosphere 41, 762–777.

Graebing, P., Chib, J.S. (2004) Soil photolysis in a moisture- and temperature-controlled environment. 2. Insecticides. J. Agric. Food
Chem. 52, 2606–2614.

Grayson, B.T., Fosbracey, L.A. (1982) Determination of the vapor pressure of pesticides. Pest. Sci. 13, 269–278.
Grayson, B.T., Langner, E., Wells, D. (1982) Comparison of two gas saturation methods for the determination of the vapor pressure

of cypermethrin. Pest. Sci. 13, 552–556.
Green, G.H., McKeown, B.A., Oloffs, P.C. (1984) Acephate in rainbow trout (Salmo gairdneri); Acute toxicity, uptake, elimination.

J. Environ. Sci. Health B19, 131–155.
Greenhalgh, R., Dhawan, K., Weinberger, P. (1980) J. Agric. Food Chem. 28, 102–105.
Grover, R. (1975) Adsorption and desorption of urea herbicides on soils.  Can. J. Soil. Sci. 55, 127–135.
Gückel, W., Kästel, R., Lewerenz, J., Synnatschke, G. (1982) A method for determining the volatility of active ingredients used in

plant protection. Part III. The temperature relationship between vapor pressure and evaporation rate. Pest. Sci. 13, 161–168.
Gückel, W., Synnatsche, G., Rittig, R. (1973) A method for determining the volatility of active ingredients used in plant protection.

Pest. Sci. 4, 137–147.
Gückel, W., Rittig, R., Synnatsche, G. (1974) A method for determining the volatility of active ingredients used in plant protection.

II. Application to formulated products. Pest. Sci. 5, 393–400.
Güesten, H., Filby, W.G., Schoop, S. (1981) Prediction of hydroxyl radical reaction rates with organic compounds in the gas-phase.

Atom. Environ. 15, 1763–1765.
Guinee, J., Heijungs, R. (1993) A proposal for the classification of toxic substances within the framework of life cycle assessment

of products. Chemosphere 26(1), 1925–1944.
Guirguis, M.W., Shafik, M.T. (1975) Persistence of trichlorfon and dichlorvos in two different autoclaved and non-autoclaved soils.

Bull. Entomol. Soc. Egypt Econ. Ser. 8, 29–32.
Gummer, W.D. (1979) Pesticide monitoring in the prairies of western Canada. In: Water Quality Interpretive Report No. 4., Inland

Waters Directorate, Regina, Saskatchewan, Canada.
Günther, F.A., Günther, J.D. (1971) Residue of pesticides and other foreign chemicals in foods and feeds. Res. Rev. 36, 69–77.
Günther, F.A., Westlake, W.E., Jaglan, P.S. (1968) Reported solubilities of 738 pesticide chemicals in water. Res. Rev. 20, 1–148.
Haag, W.R., Yao, C.C.D. (1992) Rate constants for the reaction of hydroxyl radicals with several drinking water contaminants.

Environ. Sci. Technol. 26, 1005–1013.
Hadaway, A.B., Barlow, F., Turner, C.R. (1970) The effect of particle size on the contact toxicity of insecticides to adult mosquitoes.

Bull. Entomol. Res. 60, 17.
Halfon, E., Galassi, S., Brüggermann, R., Provini, A. (1996) Selection of priority properties to assess environmental hazard of

pesticides. Chemosphere 33(8), 1543–1562.
Hall, R.J., Kolbe, E. (1980) Bioconcentration of organophosphorous pesticides to hazardous levels by amphibians. J. Toxicol. Environ.

Health 6, 853–868.
Hamaker, J.W. (1972) Decomposition: Quantitative aspects. In: Organic Chemicals in the Soil Environment. Vol. 1, Goring, C.A.I.,

Hamaker, J.W., Editors, pp. 253–341, Marcel Dekker, Inc., New York.
Hamaker, J.W. (1975) The interpretation of soil leaching experiments. In: Environmental Dynamics of Pesticides. Haque, R., Freed,

V.H., Editors, pp. 115–133, Plenum Press, New York.
Hamaker, J.W., Thompson, J.M. (1972) Adsorption. In: Organic Chemistry in the Soil Environment. Vol. 1, Goring, C.A.I., Hamaker,

J.W., Editors, pp. 51–145, Marcel Dekker, Inc., New York. 
Hamelink, J.L., Waybrant, R.C. (1976) DDE and lindane in a large-scale model lentic ecosystem. Trans. Am. Fish Soc. 105, 124.
Hamilton, D.J. (1980) Gas chromatographic measurement of volatility of herbicide esters. J. Chromatogr. 195, 75–83.
Hammers, W.E., Meurs, G.J., De Ligny, C.L. (1982) Correlations between liquid chromatographic capacity ratio data on lichrosorb

RP-18 and partition coefficients in the octanol-water system. J. Chromatogr. 247, 1–13.
Hansch, C., Leo, A. (1979) Substituent Constants for Correlation Analysis in Chemistry and Biology. John Wiley & Sons, New York.
Hansch, C., Leo, A. (1985) Medchem. Project Issue No. 26, Pomona College, Claremont, California.
Hansch, C., Leo, A. (1987) Log P Database, Pomona College Medicinal Chemistry Project. Claremont, CA.
Hansch, C., Leo, A., Hoekman, D. (1995) Exploring QSAR, Hydrophobic, Electronic, and Steric Constants. ACS Professional

Reference Book, Am. Chem. Soc., Washington, DC.
Hansen, D.J., Wilson, A.J. (1970) Residues in fish, wildlife and estuaries. Pest. Monit. J. 4, 51.
Hansen, J L., Spiegel, M.H. (1983) Hydrolysis studies of aldicarb, aldicarb sulfoxide and aldicarb sulfone. Environ. Toxicol. Chem. 2,

147–153.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4003

Haque, R., Ebing, W. (1988) Uptake and accumulation of pentachlorophenol and sodium pentachlorophenate by earth worms from
water and soil. Sci. Total Environ. 68, 113–125.

Haque, R., Falco, J., Cohen, S., Riordan, C. (1980) 8. Role of transport and fate studies in the exposure, assessment and screening
of toxic chemicals. In: Dynamics, Exposure and Hazard Assessment of Toxic Chemicals. Haque, R., Editor, pp. 47–67, Ann
Arbor Science Publishers, Ann Arbor, Michigan.

Harner, T., Mackay, D. (1995) Measurement of octanol-air partition coefficients for chlorobenzenes, PCBs, and DDT. Environ. Sci.
Technol. 29, 1599–1606.

Harnisch, M., Möckel, H.J., Schultze, G. (1983) Relationship between LOG POW shake-flask values and capacity factors derived
from reversed-phase high-performance liquid chromatography for n-alkylbenzenes and some OECD reference substances.
J. Chromatogr. 282, 315–332.

Harris, J.C. (1982) Chapter 7, Rate of hydrolysis and Chapter 8, Rate of aqueous photolysis. In: Handbook on Chemical Property
Estimation Methods, Environmental Behavior of Organic Compounds. Lyman, W.J., Reehl, W.F., Rosenblatt, D.H., Editors,
McGraw-Hill, New York.

Harris, S.J., Cecil, H.C., Bitman, J. (1974) Effect of several dietary levels of technical methoxychlor on reproduction in rats. J. Agric.
Food Chem. 22(6), 969–973.

Hartley, D., Kidd, H., Editors (1987) The Agrochemicals Handbook. 2nd Edition, The Royal Society of Chemistry, Nottingham,
England.

Hartley, D.M., Johnson, J.B. (1983) Use of freshwater clam Corbicula manilensis as a monitor for organochlorine pesticides. Bull.
Environ. Contam. Toxicol. 31, 33–40. 

Hartley, G.S., Graham-Bryce, I.J. (1980) Physical Principles and Pesticide Behavior. Volume 2, Academic Press, New York.
Harvey, J., Hun, J.C.Y. (1978) Decomposition of oxamyl in soil and water. J. Agric. Food Chem. 26, 536–451.
Harvey, J., Reiser, R.W. (1973) Metabolism of methomyl in tobacco, corn and cabbage. J. Agric. Food Chem. 21, 775–783.
Hattula, M.L., Wasenius, V.-M., Reunanen, H., Arstila, A.U. (1981) Acute toxicity of some chlorinated phenols, catechols and cresols

in trout. Bull. Environ. Contam. Toxicol. 26, 295–298.
Hautala, R.P. (1978) Surfactant Effects on Pesticide Photochemistry in Water and Soil. EPA-600/3–78–060, U.S. EPA.
Hawker, D.W., Connell, D.W. (1986) Bioconcentration of lipophilic compounds by some aquatic organisms. Ecotoxicol. Environ.

Saf. 11, 184–197.
Hawker, D.W., Connell, D.W. (1989) A simple water/octanol partition system for bioconcentration investigations. Environ. Sci.

Technol. 23, 961–965.
Hazardous Substances Data Bank (1989) National Library of Medicine, Toxicology Information Program.
Heiber, O., Szelagiewicz, M. (1976) Research Report, Central Research Dept., Physical Chemistry Section, Ciba-Geigy Ltd.,.Basel.

Reference in Y.H. Kim 1985.
Heller, S.R., Scott, K., Bigwood, D.W. (1989) The need for data evaluation of physical and chemical properties of pesticides: The

ARS pesticide properties database. J. Chem. Inf. Comput. Sci. 29, 159–162.
Hellmann, H. (1987) Model tests on volatilization of organic trace substances in surface waters. Frensenius Z. Anal. Chem. 328,

475–479.
Hemond, H.F., Fechner, E.J. (1994) Chemical Fate and Transport in the Environment. Academic Press, New York.
Herbicide Handbook (1978) Herbicide Handbook. 4th Ed., Weed Science Society of America, Champaign, Illinois.
Herbicide Handbook (1983) Herbicide Handbook. 5th Ed., Weed Science Society of America, Champaign, Illinois.
Hermanutz, R.O. (1978) Endrin and malathion toxicity to flagfish (Jordanella floridae). Arch. Environ. Contam. Toxicol. 7, 159–168.
Hermens, J., Leeuwangh, P. (1982) Joint toxicity of mixture of 8 and 24 chemicals to the guppy (Poecilia reticulata). Ecotoxicol.

Environ. Saf. 6, 302–310.
Hiatt, C.W., Haskins, W.T., Olivier, L. (1960) The action of sunlight on sodium pentachlorophenate. Am. J. Trop. Med. Hyg. 9, 527–531.
Hidaka, H., Nohara, K., Zhao, J., Serpone, N., Pelizzetti, E. (1992) Photo-oxidative degradation of the pesticide permethrin catalyzed

by irradiated TiO2 semiconductor slurries in aqueous media. J. Photochem. Photobiol. A: Chem. 64, 247–254.
Hill, D.W., McCarty, P.L. (1967) Anaerobic degradation of selected chlorinated hydrocarbon pesticides. J. Water Pollut. Control Fed.

39, 1259–1277.
Hill, J.C., Kolling, H.P., Paris, D.F., Wolfe, N.L., Zepp, R.G. (1976) Dynamic Behavior of Vinyl Chloride in Aquatic Ecosystems.

U.S. EPA-600/3-76-001.
Hinckley, D.A., Bidleman, T.F., Foreman, W.T. (1990) Determination of vapor pressures for nonpolar and semipolar organic

compounds from gas chromatographic retention data. J. Chem. Eng. Data 35, 232–237.
Hine, J., Mookerjee, P.K. (1975) The intrinsic hydrophilic character of organic compounds. Correlations in terms of structural

contributions. J. Org. Chem. 40, 292–298.
Hinman, M.L., Klaine, S.J. (1992) Uptake and translocation of selected organic pesticides by the rooted aquatic plant Hydrilla

verticillata royale. Environ. Sci. Technol. 26, 609–613.
Hodson, J., Williams, N.A. (1988) The estimation of the adsorption coefficient (KOC) for soils by high performance liquid chroma-

tography. Chemosphere 17, 67–77.
Hoigné, J., Bader, H. (1983) Rate constants of reactions of ozone with organic and inorganic compounds in water-I. Non-dissociating

organic compounds. Water Res. 17, 173–183.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4004 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Hoigné, J., Bader, H. (1983) Rate constants of reactions of ozone with organic and inorganic compounds in water-II. Dissociating
organic compounds. Water Res. 17, 185–194.

Hollifield, H.C. (1979) Rapid nephelometric estimate of water solubility of highly insoluble organic chemicals of environmental
interests. Bull. Environ. Contam. Toxicol. 23, 579–586.

Hollister, T.A., Walsh, G.E., Forester, J. (1975) Mirex and marine unicellular algae: Accumulation, population growth, and oxygen
evolution. Bull. Environ. Contam. Toxicol. 10, 753.

Holmstead, R.L., Casida, J.E., Luzo, L.O., Fullmer, D.G. (1978) Pyrethroid photo-decomposition: Permethrin. J. Agric. Food Chem.
26, 590–595.

Hornsby, A.G., Rao, P.S.C., Jones, R.L. (1990) Fate of aldicarb in the unsaturated zone beneath a citrus grove. Water Resour. Res.
26, 2287–2202.

Hornsby, A.G., Wauchope, R.D., Herner, A.E. (1996) Pesticide Properties in the Environment. Springer-Verlag, Inc., New York, New
York.

Horvath, A.L. (1982) Halogenated Hydrocarbons, Solubility-Miscibility with Water.  Marcel Dekker, Inc., New York, N.Y.
Horvath, A L., Editor (1991) Halogenated Hydrocarbons. Solubility-Miscibility with Water. Marcel Dekker, Inc., New York.
Howard, P.H., Editor (1991) Handbook of Environmental Fate and Exposure Data for Organic Chemicals. Pesticides. Vol. III. Lewis

Publishers, Chelsea, Michigan.
Howard, P.H., Boethling, R.S., Jarvis, W.F., Meylan, W.M., Michalenko, E.M., Editors (1991) Handbook of Environmental Degra-

dation Rates. Lewis Publishers, Chelsea, Michigan.
Howe, G.E., Marking, L.L., Bills, T D., Rach, J.J., Mayer, Jr., F.L. (1994) Effects of water temperature and pH on toxicity of terbufos,

trichlorfon, 4-nitrophenol and 2,4-dinitrophenol to the amphipod Gammarus pseudolimnaeus and rainbow trout (Oncorhyn-
chus mykiss). Environ. Toxicol. Chem. 13, 51–66.

Hu, J., Leng, X.-F. (1992) Determination of partition coefficients for some pesticides by using reversed-phase high performance
liquid chromatography (HPLC). Sepu 10, 344–346.

Huang, J.-Y., Leng, X.-F. (1993) Interaction of rat hepatocyte and cytochrome P450 with pyrethroids in vitro. Dongwu Xuebao 39(4),
418–423.

Huckins, J.N., Stalling, D.L., Petty, J.D., Buckler, D.R., Johnson, B.T. (1982) Fate of kepone and mirex in the aquatic environment.
J. Agric. Food Chem. 30, 1020–1027.

Hulzebos, E.M., Adema, D.M.M., van Breemen, D., Henzen, L., van Dis, W.A., Herbold, H.A., Hoekstra, J.A., Baerselman, R., van
Gestel, C.A.M. (1993) Phototoxicity studies with Lactuca sativa in soil and nutrient solution. Environ. Toxicol. Chem. 12,
1079–1094.

Hussain, M., Fukuto, T.R., Reynolds, H.T. (1974) Physical and chemical basis for systemic movement of organo-phosphorus ester
in the cotton plant. J. Agric. Food Chem. 22, 225–230.

Hwang, H.-M., Hodson, R.E., Lee, R F. (1986) Degradation of phenol and chlorophenols by sunlight and microbes in estuarine water.
Environ. Sci. Technol. 20, 1002–1007.

Hwang, H.-M., Hodson, R.E., Lee, R.F. (1987) Photolysis of phenol and chlorophenols in estuarine water. In: Photochemistry of
Environmental Aquatic Systems. American Chemical Society, Washington DC.

Ide, A., Niki, Y., Sakamoto, F., Watanabe, I. (1972) Decomposition of pentachlorophenol in paddy soil. Agric. Biol. Chem. 36,
1937–1944.

Isnard, P., Lambert, S. (1988) Estimating bioconcentration factors from octanol-water partition coefficient and aqueous solubility.
Chemosphere 17, 21–34.

Isnard, P., Lambert, S. (1989) Aqueous solubility and octanol-water partition coefficient correlations. Chemosphere 18, 1837–1853.
IUPAC (1985) Halogenated Benzenes, Toluenes and Phenols with Water, Solubility Data Series. Vol. 20, Horvath, A.L., Getzen, F.W.,

Editors, Pergamon Press, Oxford.
Ivie, G.W., Bull, D.L., Veech, J.A. (1980) Fate of diflubenzuron in water. J. Agric. Food Chem. 28, 330–337.
Ivie, G.W., Casida, J.E. (1971) Photosensitizers for the accelerated degradation of chlorinated cyclodienes and other insecticide

chemicals exposed to sunlight on bean leaves. J. Agric. Food Chem. 19, 410–416.
Ivie, G.W., Gibson, J.R., Bryant, H.E., Begin, J.J., Barnett, J.R., Dorough, H.W. (1974) Accumulation, distribution and excretion of

mirex-14C in animals exposed for long periods to the insecticide in the diet. J. Agric. Food Chem. 22(4), 646–653.
Iwata, H., Tanabe, S., Sakai, N., Tatsukawa, R. (1993) Distribution of persistent organochlorines in the oceanic air and surface

seawater and the role of ocean on their global transport and fate. Environ. Sci. Technol. 27, 1080–1098.
Iwata, Y., Westlake, W.E., Berkley, J.H., Carman, G.R., Gunther, F.A. (1977) Aldicarb residues in oranges, citrus by-products, orange

leaves, and soil after an aldicarb soil-application in an orange grove. J. Agric. Food Chem. 25, 933–937.
Jaber, H.M., Smith, J.H., Cwirla, A.N. (1982) Evaluation of gas saturation methods to measure vapor pressure. (EPA Contract No.

68-01-5117), SRI International, Menlo Park, California.
Jaglan, P.S., Gunther, F.A. (1970) Determination of partitioning values of parathion-methyl and related compounds. Analyst 95,

763–765.
Jantunen, L.M.M., Bidleman, T.F. (2000) Temperature dependent Henry’s law constant for technical toxaphene. Chemophere - Global

Change Science 2, 225–231.
Jarvinen, A.W., Tyo, R.M. (1978) Toxicity to fathead minnows of endrin in food and water. Arch. Environ. Contam. Toxicol. 7, 409–421.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4005

Jensen-Korte, U., Anderson, C., Spiteller, M. (1987) Photodegradation of pesticides in the presence of humic substances. Sci. Total
Environ. 62, 335–340.

Johnson, B.T., Saunders, C.R., Sanders, H.O. (1971) Biological magnification and degradation of DDT and aldrin by freshwater
invertebrates. J. Fish Res. Board Can. 28, 705–709.

Johnson, Jr., J.C., Bowman, M C. (1972) Responses from cows fed diets containing fenthion or fenitrothion. J. Diary Sci. 55, 777.
Johnson-Logan, L.R., Broshears, R.E., Klaine, S.J. (1992) Partitioning behavior and the mobility of chlordane in ground water.

Environ. Sci. Technol. 26, 2234–2239.
Jones, P.A. (1981) Chlorophenols and their impurities in the Canadian environment. Environment Canada, Report SPE 3-EC-81–2F.

p. 322.
Jones, R.L., Back, R.C. (1984) Monitoring aldicarb in Florida soil and water. Environ. Toxicol. Chem. 3, 9–20.
Jones, R.L., Norris, F.A. (1998) Factors affecting degradation of aldicarb and ethoprop. J. Nomatology 30, 45–55.
Jury, W.A., Farmer, W.J., Spencer, W.F. (1984) Behavior assessment model for trace organics in soil: II. Chemical classification and

parameter sensitivity. J. Environ. Qual. 13, 567–572.
Jury, W.A., Focht, D.D., Farmer, W.J. (1987b) Evaluation of pesticide ground water pollution potential from standard indices of soil-

chemical adsorption and biodegradation. J. Environ. Qual. 16(4), 422–428.
Jury, W.A., Ghodrati, M. (1989) Overview of organic chemical environmental fate and transport modeling approaches. In: Reactions

and Movement of Organic Chemicals in Soils. SSSA Special Publication No. 22, pp. 271–304, Soil Sci. Soc. of America
and Soc. of Agronomy, Madison, Wisconsin.

Jury, W.A., Russo, D., Streile, G., El Abd, H. (1990) Evaluation of volatilization by organic chemicals residing below the soil surface.
Water Resources Res. 26, 13–20.

Jury, W.A., Spencer, W.F., Farmer, W.J. (1983) Use of models for assessing relative volatility, mobility, and persistence of pesticides
and other trace organics in soil systems. In: Hazard Assessments of Chemicals: Recent Developments. Vol. 2, Saxena, J.,
Editor, Academic Press, New York.

Jury, W.A., Spencer, W.F., Farmer, W.J. (1984) Behavior assessment model for trace organics in soil: III. Application of screening
model. J. Environ. Qual. 13, 573–579.

Jury, W.A., Winer, A.M., Spencer, W.F., Focht, D.D. (1987a) Transport and transformations of organic chemicals in the soil-air water
ecosystem. Rev. Environ. Contam. Toxicol. 99, 120–164.

Kaiser, K.L.E. (1983) A non-linear function for the calculation of partition coefficients of aromatic compounds with multiple chlorine
substitution. Chemosphere 12, 1159–1165.

Kaiser, K.L.E., Dixon, D.G., Hodson, P.V. (1984) QSAR studies on chlorophenols, chlorobenzenes, and para-substituted phenols.
In: QSAR in Experimental Toxicology. Kaiser, K.L.E., Editor, pp. 189–206, D. Reidel Publishing Company, Dordrecht, the
Netherlands.

Kaiser, K.L.E., Valdmanis, I. (1982) Apparent octanol/water partition coefficients of pentachlorophenol as a function of pH. Can.
J. Chem. 60, 2104–2106.

Kanan, M.C., Kanan, S.M., Austin, R.N., Patterson, H.H. (2003) Photodecomposition of carbaryl in the presence of silver-doped
zeolite Y and Suwannee River natural organic matter. Environ. Sic. Technol. 37, 2280–2285.

Kanazawa, J. (1975) Uptake and excretion of organophosphorus and carbamate insecticides by fresh water, Motsugo (Pseudorasbora
parva). Bull. Environ. Contam. Toxicol. 14, 346–352.

Kanazawa, J. (1978) Bioconcentration ratio of diazinon by freshwater fish and snail. Bull. Environ. Contam. Toxicol. 20, 613–617.
Kanazawa, J. (1980) Prediction of biological concentration potential of pesticides in aquatic organisms. Rev. Plant Protection Res.

(Japan) 13, 27–36.
Kanazawa, J. (1981) Measurement of the bioconcentration factors of pesticides by fresh-water fish and their correlation with

physicochemical properties of acute toxicities. Pest. Sci. 12, 417–424.
Kanazawa, J. (1983) A method of predicting the bioconcentration potential of pesticides by using fish. JARQ 17(3), 173–179.
Kanazawa, J. (1987) Biodegradability of pesticides in water by microbes in activated sludge. Environ. Monit. Assess. 9, 57–70. 
Kanazawa, J. (1989) Relationship between the soil sorption constants for pesticides and their physicochemical properties. Environ.

Toxicol. Chem. 8, 477–484. 
Kanazawa, J., Yushima, T., Kiritani, K. (1971) Pollution of the ecosystem by insecticides. II. Environmental pollution by organochlo-

rine insecticides. Kagaku 41(7), 384–391.
Kapoor, I.P., Metcalf, R.L., Hirwe, A.S., Coats, J.R., Khaisa, M.S. (1973) Structure activity correlations of biodegradability of DDT

analogs. J. Agric. Food Chem. 21(2), 310–315.
Kapoor, I.P., Metcalf, R.L., Nystrom, R.F., Sangha, G.K. (1970) Comparative metabolism of methoxychlor, methiochlor, and DDT

in mouse, insects, and in a model ecosystem. J. Agric. Food Chem. 18, 1145–1152.
Karcher, W., Devillers, J. (1990) SAR and QSAR in environmental chemistry and toxicology: Scientific tool or wishful thinking?

In: Practical Applications of Quantitative Structure-Activity Relationships (QSAR) in Environmental Chemistry & Toxicology.
Karcher, W., Devillers, J., Editors, ECSC, EEC, EAEC, Brussels and Luxemburg.

Karickhoff, S.W. (1981) Semi-empirical estimation of sorption of hydrophobic pollutants on natural sediments and soils. Chemosphere
10, 833–846.

Karickhoff, S.W. (1985) Pollutant sorption in environmental systems. In: Environmental Exposure from Chemicals. Neely, W.B.,
Blau, G.E., Editors, pp. 49–64, CRC Press, Boca Raton, Florida.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4006 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Karickhoff, S.W., Brown, D.S., Scott, T.A. (1979) Sorption of hydrophilic pollutants on natural water sediments. Water Res. 13,
241–248.

Katayama, A., Matsumura, F. (1991) Photochemically enhanced microbial degradation of environmental pollutants. Environ. Sci.
Technol. 25(7), 1329–1333.

Kaufman, D.D. (1976) Soil degradation and persistence of benchmark pesticides. In: A Literature Survey of Benchmark Pesticides.
pp. 19–71. The George Washington University Medical Center, Dept. of Medical and Public Affairs, Science Communication
Division, Washington D.C. 

Kavanaugh, M.C., Trussell, R.R. (1980) Design of aeration towers to strip volatile contaminants from drinking water. J. Am. Water
Works Assoc. 72, 684–692.

Kawamoto, K., Urano, K. (1989) Parameters for predicting fate of organochlorine pesticides in the environment. (I) Octanol-water
and air-water partition coefficients. Chemosphere 18, 1987–1996.

Kawamoto, K., Urano, K. (1989) Parameters for predicting fate of organochlorine pesticides in the environment. (II) Adsorption
constant to soil. Chemosphere 19(8/9), 1223–1231.

Kawamoto, K., Urano, K. (1990) Parameters for predicting fate of organochlorine pesticides in the environment. (III) Biodegradation
rate constants. Chemosphere 21(10–11), 1141–1152.

Kawano, M., Inoue, T., Hidaka, H., Tatsukawa, R. (1986) Chlordane residues in krill, fish and Weddell seal from the Antarctic.
Toxicol. Environ. Chem. 11, 137.

Kawano, M., Inoue, T., Wada, T., Hidaka, H., Tatsukawa, R. (1988) Bioconcentration and residue of chlordane compounds in marine
animals: Invertebrates, fish, mammals, and seabirds. Environ. Sci. Technol. 22, 792–797.

Kawano, M., Matsushita, S., Inoue, T., Tanaka, H., Tatsukawa, R. (1986) Biological accumulation of chlordane compounds in marine
organisms from the northern North Pacific and Bering Sea. Mar. Pollut. Bull. 17, 512–516.

Kearney, P.C., Nash, R.G., Isensee, A.R. (1969) Persistence of pesticides in soil. Chapter 3, pp. 54–67. In: Chemical Fallout: Current
Research on Persistence Pesticides. Miller, M W., Berg, C.C., Editors, Charles C. Thomas, Springfield, Illinois.

Keil, J.E., Priester, L.E. (1969) DDT uptake and metabolism by a marine diatom. Bull. Environ. Contam. Toxicol. 4, 169.
Kelly, T.J., Mukund, R., Spicer, C.W., Pollack, A.J. (1994) Concentrations and transformations of hazardous air pollutants. Environ.

Sci. Technol. 28, 378A–387A.
Kenaga, E.E. (1972) Factors related to bioconcentration of pesticides. In: Environmental Toxicology of Pesticides. Matsumura, F.,

Boush, G.M., Misato, T., Editors, pp. 193–228, Academic Press, New York. 
Kenaga, E.E. (1980a) Predicted bioconcentration factors and soil sorption coefficients of pesticides and other chemicals. Ecotoxicol.

Environ. Saf. 4, 24–38.
Kenaga, E.E. (1980b) Correlation of bioconcentration factors of chemicals in aquatic and terrestrial organisms with their physical

and chemical properties. Environ. Sci. Technol. 14, 553–556.
Kenaga E.E., Goring, C.A.I. (1978) Relationship between water solubility, soil-sorption, octanol-water partitioning, and bioconcen-

tration of chemicals in biota. In: Am. Soc. Test. Mat. 3rd. Aquatic Toxicology Sym., New Orleans, Louisiana. 63pp.
Kenaga E.E., Goring, C.A.I. (1980) Relationship between water solubility, soil sorption, octanol-water partitioning, and concentration

of chemicals in biota. In: Aquatic Toxicology. ASTM STP 707, Eaton, J.G., Parrish, P.R., Hendricks, A.C., Eds., pp. 78–115,
Am. Soc. for Testing and Materials, Philadelphia, PA.

Kerler, F., Schönherr, J. (1988) Accumulation of lipophilic chemicals across plant cuticles: Prediction from octanol/water partition
coefficients. Arch. Environ. Contam. Toxicol. 17, 1–6.

Ketelaar, J.A.A. (1950) Chemical studies of insecticides. II. The hydrolysis of O,O-diethyl- and O,O-dimethyl O-p-nitrophenylthio-
phosphates. Rev. Trav. Chim. 69, 649.

Ketelaar, J.A.A., Gersmann, H.R. (1958) Chemical studies on insecticides. VI. The rate of hydrolysis of some phosphorus acid esters.
Rev. Trav. Chim. 77, 973–981.

Khan, S.U. (1980) Pesticides in the Soil Environment, Fundamental Aspects of Pollution Control and Environmental Series 5, Elsevier,
Amsterdam, The Netherlands.

Kilzer, L., Scheunert, I., Geyer, H., Klein, W., Körte, F. (1979) Laboratory screening of the volatilization rates of organic chemicals
from water and soil. Chemosphere 10, 751–761.

Kim, Y.H. (1985) Evaluation of a gas chromatographic method for estimating vapor pressures with organic pollutants. Ph.D. Thesis,
University of California, Davis, California. 

Kim, Y.H., Woodrow, J.E., Seiber, J.N. (1984) Evaluation of a gas chromatographic method for calculating vapor pressures with
organophosphorous pesticides. J. Chromatogr. 314, 37–53.

King, P.H., McCarthy, P.L. (1968) A chromatographic model for predicting pesticide migration in soils. Soil Sci. Soc. Am. Proc. 106,
248–261.

Kishi, H., Hashimoto, Y. (1989) Evaluation of the procedures for the measurement of water solubility and n-octanol/water partition
coefficient of chemicals.  Chemosphere 18, 1749–1759.

Kishi, H., Kogure, N., Hashimoto, Y. (1990) Contribution of soil constitutents in adsorption coefficient of aromatic compounds,
halogenated alicyclic and aromatic compounds to soil. Chemosphere 21(7), 867–876.

Kjeldsen, P., Kjølholt, J., Schultz, B., Christensen, T.H., Tjell, J.C. (1990) Sorption and degradation of chlorophenols, nitrophenols
and organophosphorus pesticides in the subsoil under landfills-laboratory studies. J. Contam. Hydrology 6, 165–184.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4007

Klečka, G.M. (1985) Chapter 6, Biodegradation. In: Environmental Exposure from Chemicals. Neely, W.B., Blau, G.E., Editors,
pp. 109–156, CRC Press, Boca Raton, Florida.

Klein, W., Geyer, H., Freitag, D., Rohleder, H. (1984) Sensitivity of schemes for ecotoxicological hazard ranking of chemicals.
Chemosphere 13, 203–211.

Klöpffer, W., Rippen, G., Frische, R. (1982) Physicochemical properties as useful tools for predicting the environmental fate of
organic chemicals Ecotoxicol. Environ. Saf. 6, 294–301.

Kollig, H.P., Editor (1993) Environmental Rate Constants for Organic Chemicals under Consideration for EPA’s Hazardous Waste
Identification Projects. EPA/600/R-93/132. Environmental Research Laboratory, U.S. Environmental Protection Agency,
Athens, Georgia.

Kollig, H.P., Ellington, J.J., Hamrick, K.J., Jafverts, C.T., Weber, E.J., Wolfe, N.L. (1987) Hydrolysis Rate Constants, Partition
Coefficients, and Water Solubilities for 129 Chemicals. A Summary of Fate Constants Provided for the Concentration-Based
Listing Program. U.S. EPA, Environmental Research Lab., Office of Research and Development, Athens, Georgia.

Könemann, W.H. (1981) Quantity structure-activity relationships in fish toxicity studies. Part 1: Realtionship for 50 industrial
pollutants. Toxicology 19, 209–221.

Könemann, W.H., Musch, A. (1981) Quantitative structure-activity relationships in fish toxicity studies. Part 2: The influence of pH
on the QSAR of chlorophenols. Toxicology 19, 223–228.

Konrad, J.G., Chesters, G. (1969) Degradation in soils of ciodrin, an organophosphate insecticide. J. Agric. Food Chem. 17, 226.
Kördel, W., Kotthoff, G., Müller, J. (1995a) HPLC-screening method for the determination of adsorption coefficient on soil-Results

of a ring-test. Sci. Total Environ. 162, 119–125.
Kördel, W., Stuffe, J., Kotthoff, G. (1993) HPLC-screening method for the determination of the adsorption-coefficient on

soil.—Comparison of different stationary phases.  Chemosphere 27, 2341–2352.
Kördel, W., Stutte, J., Kotthoff, G. (1995b) HPLC-screening method to determine the adsorption coefficient in soil-comparison of

immobilized humic acid and clay mineral phases for cyanopropyl columns. Sci. Total Environ. 162, 119–125.
Körte, F., Freitag, D. (1986) Kriterien zur auswahl umweltgefährlicher alter stoffe. Mobilität einschliesslich abbaubarkeit und

akkumulation. Umweltforschungsplan des Bundesministeriums des Innern. Forschungsbericht 106 05 25. GSF im Auftrag
des Umweltbundesamtes.

Körte, F., Freitag, D., Geyer, H., Klein, W., Kraus, A.G., Lahaniatis, E. (1978) Ecotoxicologic profile analysis: A concept for establishing
ecotoxicologic priority lists for chemicals. Chemosphere 1, 79–102.

Kortum, G., Vogel, W., Andrussow, K. (1961) Dissociation Constants for Organic Acids in Aqueous Solutions. Butterworths, London.
Kostovetskii, Y.I., Nasishten, S.Y., Tolstopyatova, G.V., Chegrinets, G.Y. (1976) Hygiene aspects of pesticide use in the catchment

areas of water bodies. Vodn. Resur. 1, 67–72.
Kucklick, J.R., Hinckley, D.A., Bidleman, T.F. (1991) Determination of Henry’s law constants for hexachloro-cyclohexane in distilled

water and artificial seawater as a function of temperature. Marine Chem. 34, 197–209.
Kühne, R., Ebert, R.-U., Kleint, F., Schmidt, G., Schüürmann, G. (1995) Group contribution methods to estimate water solubility of

organic chemicals. Chemosphere 30(11), 2061–2077.
Kurihara, N., Uchida, M., Fujita, T., Nakajima, M. (1973) Studies on BHC isomers and related compounds. V. Some physicochemical

properties of BHC isomers. Pestic. Biochem. Physiol. 2(4), 383–390.
Lacorte, S., Barcelo, D. (1994) Rapid degradation of fenitrothion in estuarine waters. Environ. Sci. Technol. 28, 1159–1163.
LaFleur, K.S. (1976) Carbaryl desorption and movement in soil columns. Soil Sci. 121, 212–216.
Lagas, P. (1988) Sorptions of chlorophenols in soil. Chemosphere 17(2), 205–216.
Lamoreaux, R.J., Newland, L.W. (1978) The fate of dichlorvos in soil. Chemosphere 10, 807–814.
Landner, L., Lindström, K., Karlsson, M., Nordin, J., Sörensen, L. (1977) Bioaccumulation in fish of chlorinated phenols from Kraft

pulp mill bleachery effluents. Bull. Environ. Contam. Toxicol. 18, 663–673.
Landrum, R.F., Dupuis, W.S. (1990) Toxicity and toxicokinetics of pentachlorophenol and carbaryl to Pontoporeia hoyi and Mysis

relicta. In: Aquatic Toxicology and Risk Assessment. 13th Volume, ASTM STP 1096, Landis, W.G., van der Schalie, W.H.,
Editors, American Society for Testing and Materials, Philadelphia.

Landrum, R.F., Nihart, S R., Edie, B.J., Gardner, W.S. (1984) Reverse-phase separation method for determining pollutant binding to
Aldrich humic acid and dissolved organic carbon of natural waters. Environ. Sci. Technol. 18, 187–192.

Larsson, P., Bremle, G., Okla, L. (1993) Uptake of pentachlorophenol in fish of acidified and non-acidified lakes. Bull. Environ.
Contam. Toxicol. 50, 653–658.

Lartiges, S.B., Garrigues, P.P. (1995) Degradation kinetics of organophosphorous and organonitrogen pesticides in different waters
under various environmental conditions. Environ. Sci. Technol. 29, 1246–1254.

LeBlanc, G.A. (1984) Interspecies relationships in acute toxicity of chemicals to aquatic organisms. Environ. Toxicol. Chem. 3, 47–60.
LeBlanc, G.A. (1995) Trophic-level differences in the bioconcentration of chemicals: implication in assessing environmental biom-

agnification. Environ. Sci. Technol. 29, 154–160.
Lee, L.S., Rao, P.S.C., Brusseau, M. (1991) Nonequilibrium sorption and transport of neutral and ionized chlorophenols. Environ.

Sci. Technol. 25(4), 722–729.
Lee, L.S., Rao, P.S.C., Nkedl-Kizza, P., Delfino, J.J. (1990) Influence of solvent and sorbent characteristics on distribution of

pentachlorophenol in octanol-water and soil-water systems. Environ. Sci. Technol. 24, 654–661.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4008 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Lee, P.W., Stearns, S.M., Hernandez, H., Powell, W.R., Naidu, M.V. (1989) Fate of dicrotophos in the soil environment. J. Agric.
Food Chem. 37(4), 1169–1174.

Lee, S., Gan, J., Kim, J.-S., Kabashima, J.N., Crowley, D.E. (2004) Microbial transformation of pyrethroid insecticides in aqueous
and sediment phases. Environ. Toxicol. Chem. 23, 1–6.

Leenheer, J.A., Atrichs, J.L. (1971) Soil Science Society of America Proceedings 35, 700–705.
Lemley, A.T., Zhong, W.Z. (1983) Kinetics of aqueous base and acid hydrolysis of aldicarb, aldicarb sulfoxide and aldicarb sulfone.

J. Environ. Sci. Health B18, 189–206.
Lemley, A.T., Wagenet, R.J., Zhong, W.Z. (1988) Sorption of degradation of aldicarb and its oxidation products in a soil-water flow

system as a function of pH and temperature. J. Environ. Qual. 17, 408–414.
Leo, A., Hansch, C., Elkins, D. (1971) Partition coefficients and their uses. Chem. Rev. 71, 525–616.
Leonard, R.A., Bailey, G.W., Swank, Jr., R.R. (1976) Transport, detoxification, fate and effects of pesticides in soil and water

environments in land application of waste materials. Soil Conservation Society of America, Ankeny, Iowa. 48pp.
Leshniowsky, W.O., Dugan, P.R., Pfister, R.M., Frea, J.I., Randers, C.I. (1970) Aldrin: removal from lake water by flocculent bacteria.

Science 169, 993.
Leuck, D.G., Bowman, M.C. (1970) Residues of phorate and five of its metabolites. Their persistence in forage corn and grass.

J. Econ. Entomol. 63, 1838–1842.
Leuenberger, C., Giger, W., Coney, R., Graydon, J.W., Molnar-Kubica, E. (1985) Persistence chemicals in pulp mill effluents,

occurrence and behavior in an activated sludge treatment plant. Water Res. 19, 885–894.
Leuenberger, C., Ligocki, M.P., Pankow, P.F. (1985) Trace organic compounds in rain. 4. Identities, concentrations, and scavenging

mechanisms for phenols in urban air and rain. Environ. Sci. Technol. 19, 1053–1058.
Lewis, D.L., Paris, D.F., Baughman, G.L. (1975) Transformation of malathion by fungus, Aspergillus oryzae, isolated from a freshwater

pond. Bull. Environ. Contam. Toxicol. 13, 596–601.
Lichtenstein, E.P. (1959) Absorption of some chlorinated hydrocarbon insecticides from soils into various crops. J. Agric. Food Chem.

7, 430–433.
Lichtenstein, E.P. (1960) Insecticidal residues in various crops grown in soils treated with an abnormal rate of aldrin and heptachlor.

J. Agric. Food Chem. 8, 448–451.
Lichtenstein, E.P., Fuhremann, T.W., Schultz, K.R. (1971) Persistence and vertical distribution of DDT, lindane and aldrin residues,

ten and fifteen years after a single soil application. J. Agric. Food Chem. 19, 718–721.
Lichtenstein, E.P., Schultz, K.R. (1961) Persistence of some chlorinated hydrocarbon insecticides influenced by soil types, rates of

application and temperature. J. Econ. Entomol. 52, 124–131.
Lichtenstein, E.P., Schultz, K.R. (1959) Effect of soil cultivation, soil surface, and water on the persistence of insecticidal residues

in soils. J. Econ. Entomol. 54, 517.
Lide, D.R., Editor (2003) Handbook of Chemistry and Physics. 84th Edition, CRC Press, Boca Raton, Florida.
Lipke, H., Kearns, C.W. (1960) DDT-Dehydrochlorinase III. Solubilization of insecticides by lipoprotein. J. Econ. Entomol. 53, 31–35.
Liu, D., Strachan, W.M.J., Thomson, K., Kwasniewska, K. (1981) Determination of the biodegradability of organic compounds.

Environ. Sci. Technol. 15, 788–793.
Liu, J., Qian, C. (1988) Estimation of n-octanol/water partition coefficients for organic compounds by using high-performance liquid

chromatography. Huanjing Huaxue 7, 23–27.
Liu, M.H., Kapila, S., Yanders, A.F., Clevenger, T.E., Elseewi, A.A. (1991) Role of entrainers in supercritical fluid extraction of

chlorinated aromatics from soils. Chemosphere 23, 1085–1095.
Loehr, R.C., Matthews, J.E. (1992) Loss of organic chemicals in soil: Pure compound treatability studies. J. Soil Contam. 1(4), 339–360.
Lohninger, H. (1994) Estimation of soil partition coefficients of pesticides from their chemical structure. Chemosphere 29, 1611–1626.
Lord, K.A., Briggs, G C., Nearle, M.C., Manlove, R. (1980) Uptake of pesticides from water and soil by earthworms. Pest. Sci. 11,

401–408.
Lord, K.A., Burt, P.E. (1964) Effect of temperature on water solubility of phorate and disulfoton. Chem. Ind. (London) July 11,

1262–1263.
Lu, P.Y., Metcalf, R.L. (1975) Environmental fate and biodegradability of benzene derivatives as studied in a model aquatic ecosystem.

Environ. Health Perspect. 10, 269–284.
Lu, X., Tao, S., Cao, J., Dawson, R.W. (1999) Prediction of fish bioconcentration factors of nonpolar organic pollutants based on

molecular connectivity indices. Chemosphere 39, 987–999.
Lydy, M.J., Bruner, K.A., Fry, D.M., Fisher, S.W. (1990) Effects of sediment and the route of exposure on the toxicity and accumulation

of neutral lipophilic and moderately water soluble metabolizable compounds in the midge, Chironomus riparus. In: Aquatic
Toxicology and Risk Assessment. 12th Volume, ASTM STP 1096, pp. 104–164, American Society for Testing and Materials,
Philadelphia, Pennsylvania.

Lydy, M.J., Oris, J.T., Baumann, P.C., Fisher, S.W. (1992) Effects of sediment organic carbon content on the elimination rates on
neutral lipophilic compounds in the midge (Chironomus riparus). Environ. Toxicol. Chem. 11, 347–356.

Lyman, W.J. (1982) Chapter 2, Solubility in water and Chapter 4, Adsorption coefficient for soils and sediments. In: Handbook on
Chemical Property Estimation Methods, Environmental Behavior of Organic Compounds. Lyman, W., Reehl, W.F.,
Rosenblatt, D.H., Editors, McGraw-Hill, New York.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4009

Lyman, W.J., Reehl, W.F., Rosenblatt, D.H., Editors (1982) Handbook on Chemical Property Estimation Methods, Environmental
Behavior of Organic Compounds. McGraw-Hill, New York.

Lyman, W.J., Reehl, W.F., Rosenblatt, D.H., Editors (1990) Handbook on Chemical Property Estimation Methods, Environmental
Behavior of Organic Compounds. 2nd printing, American Chemical Society, Washington DC.

Ma, K.C., Shiu, W.Y., Mackay, D. (1993) Aqueous solubility of chlorophenols at 25°C. J. Chem. Eng. Data 38, 364–366.
Mabey, W.R., Mill, T. (1978) Critical review of hydrolysis of organic compounds in water under environmental conditions. J. Phys.

Chem. Ref. Data 7, 383–415.
Mabey, W.R., Smith, J.H., Podoll, R.T., Johnson, H.L., Mill, T., Chou, T.W., Gates, J., Waight-Partridge, I., Jaber, H., Vanderberg,

D. (1982) Aquatic Fate Process for Organic Priority Pollutants. EPA Report No. 440/4–81–014, U.S. EPA, Washington, DC.
Mabury, S.A., Crosby, D.G. (1996) Pesticide reactivity and its relationship to field persistence. J. Agric. Food Chem. 44, 1920–1924.
Macalady, D.L., Wolfe, N.L. (1983) New perspectives on the hydrolytic degradation of the organophosphorothioate insecticide

chlorpyrifos. J. Agric. Food Chem. 31, 1139–1147.
MacDougall, D. (1964) Dylox. In: Analytical Methods for Pesticides, Plant Growth Regulators, and Food Additives. Vol. 2, Zweig,

G., Editor, Academic Press, New York.
MacDougall, D. (1972) Toxicity, Biodegradation. Swets-Zeitlinger: Lisse, The Netherlands.
MacDougall, D., Archer, T.E. (1964) Di-syston. In: Analytical Methods for Pesticides, Plant Growth Regulators, and Food Additives.

Vol. II., Zweig, G., Ed., p. 188, Academic Press, New Youk.
Macek, K.J., Petrocelli, S.R., Sleight, B.H. (1979) Consideration in assessing the potential for, and significance of, biomagnification of

chemical residues in aquatic food chains. pp. 251–268. In: Aquatic Toxicology. ASTM STP 667, Marking, L.L., Kimerle, R.A.,
Editors, American Society for Testing and Materials, Philadelphia, Pennsylvania.

Mackay, D. (1982) Correlation of bioconcentration factors. Environ. Sci. Technol. 16, 274–278.
Mackay, D. (1985) Chapter 5, Air/water exchange coefficients. In: Environmental Exposure from Chemicals. Neely, W.B., Blau, G.E.,

Editors, pp. 91–108, CRC Press, Boca Raton, Florida.
Mackay, D., Bobra, A., Shiu, W.Y., Yalkowsky, S.H. (1980) Relationships between aqueous water solubility and octanol-water partition

coefficient. Chemosphere 9, 701–711.
Mackay, D., Leinonen, P. (1975) Rate of evaporation of low-solubility contaminants from water bodies to atmosphere. Environ. Sci.

Technol. 9, 1178–1180.
Mackay, D., Paterson, S. (1991) Evaluating the multimedia fate of organic chemicals: A level III fugacity model. Environ. Sci.

Technol. 25, 427–436.
Mackay, D., Paterson, S., Chung, B., Neely, W.B. (1985) Evaluation of the environmental behavior of chemicals with a level III

fugacity model. Chemosphere 14, 335–374.
Mackay, D., Paterson, S., Schroeder, W.H. (1986) Model describing the rates of transfer processes of organic chemicals between

atmosphere and water. Environ. Sci. Technol. 20, 810–816.
Mackay, D., Shiu, W.Y. (1981) A critical review of Henry’s law constants for chemicals of environmental interest. J. Phys. Chem.

Ref. Data 10, 1175–1199.
Mackay, D., Stiver, W. (1991) Chapter 8, Predictability and environmental chemistry. In: Environmental Chemistry of Herbicides.

Vol. II, Grover, R., Cessna, A.J., Editors, pp. 281–297, CRC Press, Boca Raton, Florida.
Mackay, D., Wolkoff, A.W. (1973) Rate of evaporation of low-solubility contaminants from water bodies to atmosphere. Environ.

Sci. Technol. 7, 611–614.
Macy, R. (1948) Partition coefficients of fifty compounds between olive oil and water at 20°C. J. Ind. Hyg. Toxicol. 30, 140.
Magee, P.S. (1991) Complex factors in hydrocarbon/water, soil/water, and fish/water partitioning. Sci. Total Environ. 109/110,

155–178.
Mailhot, H. (1987) Prediction of algae bioaccumulation and uptake rate of nine organic compounds by ten physicochemical properties.

Environ. Sci. Technol. 21, 1009–1013.
Maitlen, J.C., Powell, D.M. (1982) Persistence of aldicarb in soil relative to the carry-over of residues into crops. J. Agric. Food

Chem. 30, 589–592.
Majewski, M.S., Capel, P.D. (1995) Pesticides in the Atmosphere. Distribution, Trends, and Governing Factors. Vol. 1 of the series

Pesticides in the Hydrologic System. Ann Arbor Press, Chelsea, MI.
Mäkelä, P., Oikari, O.J. (1990) Uptake and body distribution of chlorinated phenols in the freshwater mussel, Anodonta anatina

L. Ecotoxicol. Environ. Saf. 20, 354–362.
Malalayandi, M., Shah, S.M., Lee, P. (1982) Fate of α- and γ-hexachlorocyclohexane isomers under simulated environmental

conditions. J. Environ. Sci. Health A17(3), 283–297.
Mansour, M., Feicht, E.A. (1994) Transformation of chemical contaminants by biotic and abiotic processes in water and soil.

Chemosphere 28, 323–332.
Mansour, M., Feicht, E.A., Behechti, A., Scheunert, I. (1997) Experimental approaches to studying the photostability of selected

pesticides in water and soil. Chemosphere 35, 39–50.
Maquire, R.J., Hale, E.J. (1980) Fenitrothion sprayed on a pond: Kinetics of its distribution and transformation in water and sediment.

J. Agric. Food Chem. 28, 372–378.
Margot, A., Stammbach, K., (1964) Diazinon. In: Analytical Methods for Pesticides, Plant Growth Regulators, and Food Additives.

Vol. 11, Zelig, G., Ed., p. 110, Academic Press, New York.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4010 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Markwell, R.D., Connell, D.W., Gabric, A.J. (1989) Bioaccumulation of lipophilic compounds from sediments by oligochaetes. Water
Res. 23(11), 1443–1450.

Martens, R. (1972) Decomposition of endosulfan by soil microorganisms. Schrifter Ver Wasser-, Bodden-, Luftig, Berlin-Dahlem 37,
167–173.

Marti, C. (1976) Ciba-Geigy Research Report. Basel, West Germany. Data provided by W.F. Spencer and presented in Ph.D. thesis
of Y.-H. Kim 1985.

Martin, H. (1961) Guide to the Chemicals used in Crop Protection. 4th Edition, Canadian Dept. of Agriculture Publication 1093,
Ottawa, Ontario.

Martin, H. (1972) Pesticide Manual, 3rd Edition, British Crop Protection Council, Worcester, England.
Martin, H., Worthing, C.R., Editors (1977) Pesticide Manual. 5th Edition, British Crop Protection Council. Thornton Heath, United

Kingdom.
Mason, J.W., Rowe, D.R. (1976) The accumulation and loss of dieldrin and endrin in the eastern oyster. Arch. Environ. Contam.

Toxicol. 4, 349–360.
Masterton, W.L., Lee, T.P. (1972) Effects of dissolved salts on water solubility of lindane. Environ. Sci. Technol. 6, 919–921.
Matsumura, F., Benezet, H.J. (1973) Studies on the bioaccumulation and microbial degradation of 2,3,7,8-tetrachlorodibenzo-p-dioxin.

Environ. Health Perspect. 253–258.
Maule, A., Plyte, S., Quick, A.V. (1987) Dehalogenation of organochlorine insecticides by mixed anaerobic microbial populations.

Pestic. Biochem. Physiol. 277, 229–236.
Maund, S.J., Hamer, M.J., Lane, M.C.G., Farrelly, E., Rapley, J.H., Goggin, U.M., Gentle, W.E. (2002) Partitioning, bioavailability,

and toxicity of the pyrethroid insecticide cypermethrin in sediments. Environ. Toxicol. Chem. 21, 9–15.
Mayer, F.L., Mehrle, P.M., Dwyer, W.P. (1977) Toxaphene: Chronic Toxicity to Fathead Minnows and Channel Catfish. EPA-

600/3–77–069, U.S. Environmental Protection Agency.
McCall, P.J., Swann, R.L., Laskowski, D.A., Unger, S.M., Vrona, S.A., Dishburger, H.J. (1980) Estimation of chemical mobility in

soil from liquid chromatographic retention times. Bull. Environ. Contam. Toxicol. 24, 190–195.
McConnell, L.L., Cotham, W.E., Bildleman, T.F. (1993) Gas exchange of hexachloro-cyclohexane in the Great Lakes. Environ. Sci.

Technol. 27, 1304–1311.
McDowell, L.L., Willis, G., Murphree, C.E., Southwick, L.M., Smith, S. (1981) Toxaphene and sediments yields in runoff from a

Mississippi delta watershed. J. Environ. Qual. 10, 120.
McDuffie, B. (1981) Estimation of octanol/water partition coefficients for organic pollutants using reverse-phase HPLC. Chemosphere

10, 73–83.
McKellar, R.L., Dishburger, H.J., Rice, J.R., Craig, L F., Pennington, J.J. (1976) Residues of chlorpyrifos, its oxygen analogue, and

3,5,6-trichloro-2-pyridinol in milk and cream from cows fed chlorpyrifos. J. Agric. Food Chem. 24, 283–286.
McKim, J., Schnieder, P., Veith, G. (1985) Absorption dynamics of organic chemical transport across trout gills as related to octanol-

water partition coefficients. Toxicol. Appl. Pharmacol. 77, 1–10.
McLachlan, M., Mackay, D., Jones, P.H. (1990) A conceptual model of organic chemical volatilization at waterfalls. Environ. Sci.

Technol. 24, 252–257.
McLean, J.E., Sims, R.C., Doucette, W.J., Caupp, C.R., Grenney, W.J. (1988) Evaluation of mobility of pesticides in soil using U.S.

EPA methodology. J. Environ. Eng. 114, 689–703.
McLeese, D.W., Metcalf, C.D., Zitko, V. (1980) Lethality of permethrin, cypermethrin and fenvalerate to salmon, lobster and shrimp.

Bull. Environ. Contam. Toxicol. 25, 950–955.
McLeese, D.W., Sergent, D.B., Metcalf, C.D., Zitko, V., Burridge, L.E. (1979) Uptake and excretion of aminocarb, nonylphenol and

pesticide diluent 585 by mussels (Mytilus edulis). Bull. Environ. Contam. Toxicol. 24, 575–581.
McLeese, D.W., Zetko, V., Sergent, D.B. (1976) Uptake and excretion of fenitrothion by clams and mussel. Bull. Environ. Contam.

Toxicol. 16, 508–515.
Means, J.C., Woods, S.G., Hassett, J.J., Banwart, W.L. (1982) Sorption of amino- and carboxy-substituted polynuclear aromatic

hydrocarbons by sediments and soils. Environ. Sci. Technol. 16, 93–98.
Medchem (1988) Medchem Database, Release 3.54 of 1988. Daylight Chemical Information System Inc., California.
Meijer, S.N., Halsall, C.J., Harner, T., Peters, A.J., Ockenden, W.A., Johnston, A.E., Jones, K.C. (2001) Organochlorine pesticide

residues in archived UK soils. Environ. Sci. Technol. 35, 1989–1995.
Meikle, R.W., Kurihara, N.H., DeVries, D.H. (1983) Chlorpyrifos: The photodecomposition rates in dilute aqueous solution and on

a surface, and the volatilization rate from a surface. Arch. Environ. Contam. Toxicol. 12, 189.
Melnikov, N.N. (1971) Chemistry of pesticides. Res. Rev. 36, 1–447.
Menn, J.J. (1969) Stauffer Chemical Co., Mountain View, California.
Menn, J.J., Patchett, G.G., Batchelder, G.H. (1964) Trithion. In: Analytical Methods, for Pesticides, Plant Growth Regulators, and

Food Additives. Vol. II, Zweig, G., Ed., p. 546, Academic Press, New York.
Menzie, C.A., Burmaster, D.E., Freshman, J.S., Callahan, C.A. (1992) Assessment of methods for estimating ecological risk in the

terrestrial component: A case study at the Baird and McGuire Supefund site in Holbrook, Massachusetts. Environ. Toxicol.
Chem. 11, 245–260.

Menzie, C.M. (1972) Fate of pesticides in the environment. Ann. Rev. Entomol. 17, 199.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4011

The Merck Index (1983) An Encyclopedia of Chemicals, Drugs and Biologicals. 10th Edition, Widholz, M., Editor, Merck and Co.,
Rahway, New Jersey.

The Merck Index (1989) An Encyclopedia of Chemicals, Drugs and Biologicals. 11th Edition, Budavari, S., Editor, Merck and Co.,
Rahway, New Jersey.

Metcalf, C.D., McLeese, D.W., Zitko, V. (1980) Rate of volatilization of fenitrothion from fresh water. Chemosphere 9, 151–155.
Metcalf, R.L. (1971) The chemistry and biology of pesticides. In: Pesticides in the Environment. White-Stevens, J., Ed., Part I, Vol. 1,

p. 50, Marcel Dekker, New York. 
Metcalf, R.L. (1974) In: Comparative Studies of Food and Environmental Contaminants. Proceedings of the FAO/IAEA/WHO

Symposium, Otaniemi, International Atomic Energy Agency, Vienna. pp. 3–22.
Metcalf, R.L., Kapoor, I.P., Lu, P-Y., Schuth, C.K., Sherman, P. (1973) Model ecosystem studies of the environmental fate of six

organochlorine pesticides. Environ. Health Perspect. 4, 35–44.
Metcalf, R.L., Sanborn, J.R. (1975) Illinois Natural History Survey Bulletin 31, 381–436.
Metcalf, R.L., Sanborn, J.R., Lu, P.-Y., Nye, D. (1975) Laboratory model ecosystem studies of the degradation and fate of radiolabeled

tri-, tetra-, and pentachlorobiphenyl compared with DDE. Arch. Environ. Contam. Toxicol. 3, 151–165.
Meylan, W., Howard, P.H. (1991) Bond contribution method for estimating Henry’s law constants. Environ. Toxicol. Chem. 10,

1283–1293.
Meylan, W., Howard, P.H., Boethling, R.S. (1992) Molecular topology/fragment contribution method for predicting soil sorption

coefficients. Environ. Sci. Technol. 26, 1560–1567.
Miles, J.R.W. (1976) Fates of insecticides applied to lands and crops. Pest. Monit. J. 10, 87–91.
Miles, J.R.W., Delfino, J.J. (1985) Fate of aldicarb, aldicarb sulfoxide, and aldicarb sulfone in Floridan ground water. J. Agric. Food

Chem. 33(3), 455–460.
Miles, J.R.W., Harris, C.R. (1978) Insecticide residues in water, sediment, and fish of the drainage system of the Holland Marsh,

Ontario, Canada. J. Econ. Entomol. 71, 125–131.
Miles, J.R.W., Tu, C M., Harris, C R. (1979) Persistence of eight organophosphorous insecticides in sterile and non-sterile mineral

and organic soils. Bull. Environ. Contam. Toxicol. 22, 312–318.
Mill, T., Hendry, D.M., Mabey, W.E., Johnson, D.J. (1980) Laboratory protocols for evaluating fate of organic chemicals in air and

water. EPA-600/3–80–069. U.S. Environmental Protection Agency, Washington DC.
Mill, T., Mabey, W.E. (1985) Photochemical transformations. In: Environmental Exposure from Chemicals. Neely, W.B., Blau, G.E.,

Editors, pp. 175–213, CRC Press, Boca Raton, Florida.
Miller, C.T., Weber, W.J., Jr. (1986) Sorptions of hydrophobic organic pollutants in saturated soil systems. J. Contam. Hydrol. 1, 243.
Mills, W.B., Dean, J.D., Porcella, D.B., Gherini, S.A., Hudson, R.J.M., Frick, W.E., Rupp, G.L. (1982) Water quality assessment:

A screening procedure for toxic and conventional pollutants. Part 1, U.S. EPA Report No. EPA-600/6–82–004a, Environ-
mental Research Lab., U.S. Environmental Protection Agency, Athens, Georgia.

Milne, G.W.A., Editor (1995) CRC Handbook of Pesticides. CRC Press, Boca Raton, Florida.
Minero, C., Pelizzetti, E., Malato, S., Blanco, J. (1993) Large solar plant photocatalytic water decontamination: degradation of

pentachlorophenol. Chemosphere 26, 2103–2119.
Mingelgrin, U., Gerstl, Z. (1983) Reevaluation of partitioning as a mechanism of nonionic chemicals adsorption in soils. J. Environ.

Qual. 12(1), 1–11.
Mink, F.L., Risher, J.F., Stara, J.F. (1989) The environmental dynamics of the carbamate insecticide aldricarb in soil and water.

Environ. Pollut. 61, 127–155.
Miyake, K., Terada, H. (1982) Determination of partition coefficients of very hydrophobic compounds by high-performance liquid

chromatography on glycerol-coated controlled-pore glass. J. Chromatogr. 240, 9–20.
Moody, R.P., Carroll, J.M., Kresta, A.M.E. (1987) Automated high performance liquid chromatography and liquid scintillation

counting determination of pesticide mixture octanol/water partition rates. Toxicol. Ind. Health 3, 479–490.
Montgomery, J.H. (1993) Agrochemicals Desk Reference. Environmental Data. Lewis Publishers, Chelsea, Michigan.
Moody, R.P., arroll, J.M., Kresta, A.M.E. (1987) Automated high performance liquid chromatography and liquid scintillation counting

determination of pesticide mixture octanol/water partition rates. Toxicol. Ind. Health 3, 479–490.
Moorefield, H.H. (1974) Data on Temik aldicarb pesticide environmental impact. (Cited in UA EPA 1975) Moos, L.P., Kiesch, E.J.,

Wukasch, R.F., Grady, Jr., C.P.L. (1983) Pentachlorophenol biodegradation-I. Aerobic. Water Res. 17, 1575–1584.
Mora, A., Comejo J., Revilla, E., Hermosin, M.C. (1996) Persistence and degradation of carbofuran in Spanish soil suspensions.

Chemosphere 32, 1585–1598.
Morrill, L.G., Mahilum, B.C., Mohiuddin, S.H. (1982) Organic Compounds in Soils. Ann Arbor Science Publishers, Ann Arbor,

Michigan.
Mortimer, M.R., Connell, D.W. (1995) A model of the environmental fate of chloro-hydrocarbon contaminants associated with Sydney

sewage discharge. Chemosphere 30, 2021–2038.
Mudami, A.R., Hassett, J.P. (1988) Photochemical activity of mirex associated with dissolved organic matter. Chemosphere 17,

1133–1146.
Muir, D.C.G., Hobdem, B.R., Servos, M.R. (1994) Bioconcentration of pyrethroid insecticides and DDT by rainbow trout: Uptake,

depuration, and effect of dissolved organic carbon. Aquatic Toxicol. 29, 223–240.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4012 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Muir, D.C.G., Rawn, G.P., Townsend, B.E., Lockhart, W.L. (1985) Bioconcentration of cypermethrein, deltamethrin, fenvalerate and
permethrin by Chironomus tentans larvae in sediment and water. Environ. Toxicol. Chem. 4, 51–61.

Muir, D.C.G., Teixeira, C, Wania, F. (2004) Empirical and modeling evidence of regional atmospheric transport of current-use
pesticides. Environ. Toxicol. Chem. 23, 2421–2432.

Muir, D.C.G., Townsend, B.E., Lockhart, W.L. (1983) Bioavailability of six organic chemicals to Chironomus tentans larvae in
sediment and water. Environ. Toxicol. Chem. 2, 269–281.

Müller, M.A., Buser, H.-R. (1995) Environmental behavior of acetamide pesticide stereoisomers. 2. Sereo- and enantioselective
degradation in sewage sludge and soil. Environ. Sci. Technol. 29, 2031–2037.

Müller, J.F., Hawker, D.W., Connell, D.W. (1994) Calculation of bioconcentration factors of persistent hydrophobic compounds in
the air/vegetation system. Chemosphere 29, 623–640.

Müller, M., Klein, W. (1992) Comparative evaluation of methods predicting water solubility for organic compounds. Chemosphere
25, 769–782.

Müller, M., Kördel, W. (1996) Comparison screening methods for the estimation of adsorption coefficients on soils. Chemosphere
32, 2495–2504.

Mundy, R.L., Bowman, M.C., Farmer, J.H., Haley, T.J. (1978) Quantitative structure-activity study of a series of substituted O,O-dimethyl
O-(p-nitrophenyl) phosphorothionates and O-analogues. Arch. Toxicol. 41, 111–123.

Murphy, T.J., Mullin, M.D., Meyer, J.A. (1987) Equilibration of polychlorinated biphenyls and toxaphene with air and water. Environ.
Sci. Technol. 21, 155–162.

Nakagawa, Y., Izumi, K., Oikawa, N., Kurozumi, A., Iwamura, H., Fujita, T. (1991) Quantitative structure-activity relationships of
benzoylphenylurea larvicides. VII. Pestic. Biochem. Physiol. 40, 12–26.

Nakamura, M., Suzuki, T., Amano, K., Yamada, S. (2001) Relation of sorption behavior of agricultural chemicals in solid-phase
extraction with their n-octanol/water partition coefficients evaluated by high-performance liquid chromatography (HPLC).
Anal. Chim. Acta 428, 219–226.

Nash, R.G. (1974) In: Pesticides in Soil and Water. Guenzi, W.D., Ed., Soil Sci. Soc. of America, Madison, Wis.
Nash, R.G. (1980) Dissipation rate of pesticides from soils. In: CREAMS: A field scale model for chemical, runoff, and erosion

from agricultural management systems. Vol. 3, Knisel, W.G., Editor, pp. 560–594, USDA Conserv. Res. Rep. 26, U.S.
Government Printing Office, Washington, DC.

Nash, R.G. (1983a) Comparative volatilization and dissipation rates of several pesticides from soil. J. Agric. Food Chem. 31,
210–217.

Nash, R.G. (1983b) Determining environmental fate of pesticides with microagroecosystems. Res. Rev. 85, 199–215.
Nash, R.G. (1988) Chapter 5. Dissipation from soil. In: Environmental Chemistry of Herbicides. Volume I, Grover, R., Editor,

pp. 131–169, CRC Press, Inc., Boca Raton, Florida.
Nash, R.G. (1989) Models for estimating pesticide dissipation from soil and vapor decline in air. Chemosphere 18, 2375–2381.
Nash, R.G., Harris, W.G. (1977) Toxaphene and 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT) losses from cotton in an

agroecosystem chamber. J. Agric. Food Chem. 25, 336.
Nash, R.G., Woolson, E.A. (1967) Persistence of chlorinated hydrocarbon insecticides. Science 157, 924–927.
Neary, D.G., Bush, P.B., Michael, J.L. (1993) Fate, dissipation and environmental effects of pesticides in southern forests: A review

of a decade of research progress. Environ. Toxicol. Chem. 12, 411–428.
Neely, W.B. (1978) Personal communication. Dow Chemical Company, Midland, Michigan.
Neely, W.B. (1980) Chapter 20. A method for selecting the most appropriate environmental experiments on a new chemical. In:

Dynamics, Exposure and Hazard Assessment of Toxic Chemicals. Haque, R., Ed., pp. 287–196, Ann Arbor Science Publishers,
Ann Arbor, Michigan.

Neely, W.B., Blau, G.E. (1977) The use of laboratory data to predict the distribution of chlorpyrifos in a fish pond. In: Pesticides in
Aquatic Environments. Khan, M.A.Q., Editor, Plenum Press, New York.

Neely, W.B., Blau, G.E. (1985) Chapter 1. Introduction to Environmental exposure from chemicals. In: Environmental Exposure from
Chemicals. Neely, W.B., Blau, G.E., Editors, pp. 1–12, CRC Press, Boca Raton, Florida.

Neely, W.B., Blau, G.E., Eds. (1985) Environmental Exposure from Chemicals. CRC Press, Boca Raton, Florida.
Neely, W.B., Branson, D.R., Blau, G.E. (1974) Partition coefficient to measure bioconcentration potential of organic chemicals in

fish. Environ. Sci. Technol. 8, 1113–1115.
Nendza, M. (1991) Predictive QSAR models estimating ecotoxic hazard of phenylureas: Aquatic toxicity. Chemosphere 23,

497–506.
Nendza, M., Seydel, J.K. (1988) Quantitative structure-toxicity relationship for ecotoxicologically relevant biotest systems and

chemicals. Chemosphere 17, 1585–1602.
Neudorf, S., Khan, M.A.Q. (1975) Pick-up and metabolism of DDT, dieldrin and photodieldrin by fresh water algae (Ankistrodesmus)

and a micro-crustacean (Daphnia pulex). Bull. Environ. Contam. Toxicol. 13, 443–450.
Neumüller, O.A. (1974) Römpp’s Chemie-Lexikon. p. 2538, Frank’sche Verlagsbuchhandlung, Stuttgart.
Ngabe, B., Bidleman, T.F., Falconer, R.L. (1993) Base hydrolysis of α- and γ-hexachlorocyclohexanes. Environ. Sci. Technol. 27,

1930–1933.
NIEHS (1975) National Institute of Environmental Health Services Grant No. ES 00040–10 Annual Progress Report.
Niimi, A.J. (1987) Biological half-life of chemicals in fishes. Rev. Environ. Contam. Toxicol. 99, 1–46.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4013

Niimi, A.J., Cho, C.Y. (1983) Laboratory and field analysis of pentachlorophenol (PCP) accumulation by salmonids. Water Res. 17,
1791–1795.

Niimi, A.J., Palazzo, V. (1985) Temperature effect on the elimination of pentachlorophenol, hexachlorobenzene and mirex by rainbow
trout (Salmo gairdneri). Water Res. 19(2), 205–207.

Nirmalakhandan, N.N., Speece, R.E. (1988) QSAR model for predicting Henry’s law constant. Environ. Sci. Technol. 22, 1349–1357.
Nishimura, K., Fujita, T. (1983) Quantitative structure-activity relationships of DDT and its related compounds. Nippon Noyaku

Gakkaishi 8, 69–81.
Noegrohati, S., Hammers, W.E. (1992) Regression models for octanol-water partition coefficients, and for bioconcentration in fish.

Toxicol. Environ. Chem. 34, 155–173.
Norstrom, R.J., Clark, T.P., Jeffrey, D.A., Won, H.T., Gilman, A.P. (1986) Dynamics of organochlorine compounds in herring gulls

(Larus argentatus): I. Distribution and clearance of [14C]DDE in free-living herring gulls (Larus argentatus). Environ. Toxicol.
Chem. 5, 41–48.

NRC (1974) Chlordane; Its effects on Canadian ecosystems and its chemistry. NRCC No. 14094, National Research Council, Ottawa,
Canada.

O’Brien, R.D. (1975) Nonenzymic effects of pesticides on membranes. In: Environmental Dynamics of Pesticides. Haque, R., Freed, V.H.,
Editors, pp. 331–342, Plenum Press, New York.

OECD (1981) OECD Guidelines for Testing of Chemicals. Section 1: Physical-Chemical Properties. Organization for Economic
Co-operation and Development. OECD, Paris.

Oliver, B.G. (1987) Biouptake of chlorinated hydrocarbons from laboratory-spiked and field sediments by oligochaete worms. Environ.
Sci. Technol. 21, 785–790.

Oliver, B.G., Charlton, M.N. (1984) Chlorinated organic contaminants on settling particulates in the Niagara River vicinity of Lake
Ontario. Environ. Sci. Technol. 18, 903–908.

Oliver, B.G., Charlton, M.N., Durham, R.W. (1989) Distribution, redistribution, and geochronology of polychlorinated biphenyl
congeners and other chlorinated hydrocarbons in Lake Ontario sediments. Environ. Sci. Technol. 23, 200–208.

Oliver, B.G., Niimi, A.J. (1985) Bioconcentration factors of some halogenated organics for rainbow trout: Limitations in their use
for prediction of environmental residues. Environ. Sci. Technol. 19, 842–849.

Oliver, B.G., Niimi, A.J. (1988) Tropodynamic analysis of polychlorinated biphenyl congeners and other chlorinated hydrocarbons
in the Lake Ontario ecosystems. Environ. Sci. Technol. 22, 388–397.

Othman, M.A., Antonious, G.F., Khattab, M.M., Abdel-All, A., Khamis, A.E. (1987) Residues of dimethioate and methomyl on
tomato and cabbage in relation to their effect on quality-related properties. Environ. Toxicol. Chem. 6, 947–952.

Ou, L.-T., Rao, P.S.C. (1986) Degradation and metabolism of oxamyl and phenamiphos in soils.  J. Environ. Sci. Health B21, 25–40.
Ou, L.T., Sture, K., Edvardsson, V., Suresh, P., Rao, C. (1985) Aerobic and anaerobic degradation of aldicarb in soils. J. Agric. Food

Chem. 33, 72–78.
Oubina, A., Ferrer, I, Gascon, J., Barcelo, D. (1996) Disappearance of aerially applied fenitrothion in rice crop waters. Environ. Sci.

Technol. 30, 3551–3557.
Pait, A.W., De Souza, A.E., Farrow, D.R.G. (1992) Agricultural Pesticide Use in Coastal Areas: A National Summary. National

Oceanic and Atmospheric Administration, Rockville, Maryland.
Paraiba, L.C., Carrasco, J.M., Bru, R. (1999) Level IV Fugacity model by a continuous time control system. Chemosphere 38,

1763–1775.
Paris, D.F., Lewis, D.L. (1976) Accumulation of methoxychlor by microorganisms. Bull. Environ. Contam. Toxicol. 15, 24–32.
Paris, D.F., Lewis, D.L., Barnett, J.T. (1977) Bioconcentration of toxaphene by microorganisms. Bull. Environ. Contam. Toxicol. 17,

564–573.
Paris, D.F., Lewis, D.L., Barnett, J.T., Baughman, G.L. (1975a) Microbial Degradation and Accumulation of Pesticides in Aquatic

Systems. Report No. U.S.EPA-660/3–75–007, US EPA, Athens, Georgia.
Paris, D.F., Lewis, D.L., Wolfe, N.L. (1975b) Rates of degradation of malathion by bacteria isolated from aquatic system. Environ.

Sci. Technol. 9, 135–138.
Paris, D.F., Steen, W.C., Baughman, G.L. (1978) Prediction of microbial transformation of pesticides in natural waters. (unpublished),

presented before the American Chemical Society, Division of Pesticide Chemistry, Anaheim, Calif., Environmental Research
Laboratory, U.S. EPA, Athens, Georgia.

Paris, D.F., Steen, W.C., Baughman, G.L., Barnett, J.T. (1981) Second-order model to predict microbial degradation of organic
compounds in natural waters. Appl. Environ. Microbiol. 41, 603–609.

Park, K.S., Bruce, W.N. (1968) The determination of the water solubility of aldrin, dieldrin, heptachlor and heptachlor epoxide.
J. Econ. Entomol. 61(3), 770–774.

Park, S.S., Erstfeld, K.M. (1997) A numerical kinetic model for bioaccumulation of organic chemicals in sediment-water system.
Chemosphere 34, 419–427.

Parrish, P.R. (1974) Aroclor 1254, DDT and DDD, and dieldrin: Accumulation and loss by American oysters (Crassostrea virginica)
exposed continuously for 56 weeks. Proc. Natl. Shellfish Assoc. 64, 7.

Parrish, P.R., Dyar, E.E., Enos, J.M., Wilson, W.G. (1978) Chronic toxicity of chlordane, trifluralin, and pentachlorophenol to
sheepshead minnows (Cyprinodon variegatus). EPA Ecol. Res. Ser. EPA-600/3–78–010. U.S. EPA, Gulf Breeze, Florida.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4014 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Parrish, P.R., Dyar, E.E., Lindberg, M.A., Shanika, C.M., Enos, J.M. (1977) Chronic toxicity of methoxychlor, malathion and
carbofuran to sheepshead minnows (Cyprinodon variegatus). NTIS PB-272101.

Parrish, P.R., Schimmel, S.C., Hansen, D.J., Patrick, J.M., Jr., Forester, J. (1976) Chlordane: Effects on several estuarine organisms.
J. Toxicol. Environ. Health 1, 485.

Paschke, A., Schüürmann, G. (1998) Octanol/water-partitioning of four HCH isomer at 5, 25, and 45°C. Fresenius Environ. Bull. 7, 25–263.
Pasarela, N.R., Brown, R.G., Shaffer, C.B. (1962) Insecticide residues in meat and milk. Feeding of malathion to cattle; residue

analyses of milk and tissue. J. Agric. Food Chem. 10, 7–9.
Passivirta, J., Sinkonen, S., Mikkelson, P., Rantio, T., Wania, F. (1999) Estimation of vapor pressures, solubilities and Henry’s law

constants of selected persistent organic pollutants as functions of temperature. Chemosphere 39, 811–832.
Paterson, S., Mackay, D. (1985) The fugacity concept in environmental modelling. In: The Handbook of Environmental Chemistry.

Vol. 2, Part C, Hutzinger, O., Ed., pp. 121–140, Springer-Verlag, Heidelberg, Germany.
Paterson, S., Mackay, D., Bacci, E., Calamari, D. (1991) Correlation of the equilibrium and kinetics of leaf-air exchange of hydrophobic

organic chemicals.  Environ. Sci. Technol. 25, 866–871.
Pavlou, S.P., Weston, D.P. (1983, 1984) Initial Evaluation of Alternatives for Development of Sediment Related Criteria for Toxic

Contaminants in Marine Waters (Puget Sound), Phase I and II. EPA Contract No. 68–01–6388, US EPA.
Perrin, D.D. (1989) pKa Prediction for Organic Acids and Bases. Chapman & Hall, New York.
Platford, R.F. (1981) The environmental significance of surface films. II. Enhanced partitioning of lindane in thin films of octanol

on the surface of water. Chemosphere 10(7), 719–722.
Platford, R.F. (1982) Pesticide partitioning in artificial surface films. J. Great Lakes Res. 8, 307–309.
Platford, R.F. (1983) The octanol-water partitioning of some hydrophobic and hydrophilic compounds. Chemosphere 12, 1107–1111.
Platford, R F., Carey, J.H., Hale, E.J. (1982) The environmental significance of surface films: Part 1. Octanol-water partition coefficients

for DDT and hexachlorobenzene. Environ. Pollution (series B), 125–128.
Plato, C. (1972) Differential scanning calorimetry as a general method for determining the purity and heat of fusion of high purity

organic chemicals. Application to 64 compounds. Anal. Chem. 44, 1531–1534.
Plato, C., Glasgow, A.R., Jr. (1969) Differential scanning calorimetry as a general method for determining the purity and heat of

fusion of high purity organic chemicals. Application to 95 compounds. Anal. Chem. 41, 330–336.
Pontolillo, J., Eganhouse, R.P. (2001) The Search for Reliable Aqueous Solubility (SW) and Octanol-Water Partition Coefficient (KOW)

Data for Hydrophobic Organic Compounds: DDD and DDE as a Case Study. U.S. Geological Survey, Water Resources
Investigations Report 01-4201, Reston, VA.

Porter, P.E. (1964a) Aldrin. In: Analytical Methods for Pesticides, Plant Growth Regulators and Food Additives. Vol. 2, Zweig, G.,
Editor, p. 1–, Academic Press, New York.

Porter, P.E. (1964b) Dieldrin. In: Analytical Methods for Pesticides, Plant Growth Regulators and Food Additives. Vol. 2, Zweig, G.,
Editor, pp. 143–163, Academic Press, New York.

Portier, R.J. (1985) In: ASTM STP 865. (Validat. Predict. Lab Methods Assess. Fate Eff. Contam. Aquat. Ecosyst.), pp. 14–30.
Potter, J.C., Marxmiller, R.L., Barber, G.F., Young, R., Loefller, J.E., Burton, W.B., Dixon, L.D. (1974) Total 14C residues and dieldrin

residues in milk and tissues of cows fed dieldrin-14C. J. Agric. Food Chem. 22, 889–899.
Quaife, M.L., Winbush, J.S., Fitzhugh, O.G. (1967) Survey of quantitative relations between ingestion and storage of aldrin and

dieldrin in animals and man. Fed. Cosmet. Toxicol. 5, 39–50.
Quellette, R.P., King, J.A. (1977) Chemical Week. Pesticide Register. McGraw-Hill, New York.
Racke, K.D. (1993) Environmental fate of chlorpyrifos. Rev. Environ. Contam. Toxicol. 131, 1–150.
Racke, K.D., Steele, K.P., Yoder, R.M., Dick, W.A., Avidov, E. (1996) Factors affecting the hydrolytic degradation of chlorpyrifos

in soil. J. Agric. Food Chem. 44, 1582–1592. 
Radelleff, R.D., Bushland, R.C., Claborn, H.V. (1952) Insects: The Yearbook of Agriculture. U.S. Dept. of Agriculture, Washington DC.
Ramamoorthy, S. (1985) Competition of fate processes in the bioconcentration of lindane. Bull. Environ. Contam. Toxicol. 34, 349–358.
Rao, P.S.C., Davidson, J.M. (1979) Adsorption and movement of selected pesticides at high concentrations in soils. Water Res. 13,

375–380.
Rao, P.S.C., Davidson, J.M. (1980) Estimation of pesticide retention and transformation parameters required in nonpoint source pollutant

models. In: Environmetal Impact of Nonpoint Pollution. Overcash, M.R., Davidson, J.M., Editors, Ann Arbor Science
Publishers, Ann Arbor, Michigan.

Rao, P.S.C., Davidson, J.M. (1982) Retention and Transformation of Selected Pesticides and Phosphorus in Soil Water System:
A Critical Review. U.S. EPA-600/S3-82-060.

Rao, P.S.C. et al. (1984) Degradation and sorption of aldicarb and metolachlor in Dougherty Plains soils. Progress report to U.S.
EPA of EPA Co-operative Agreement CR-810464.

Reich, A.R., Perkins, J.L., Cutter, G. (1986) DDT contamination of a North Alabama aquatic ecosystem. Environ. Toxicol. Chem. 5, 725–736.
Reinert, R.E. (1967) The accumulation of deldrin in an algal (Scenedesmus obliquus), daphnia (Daphnia magna), guppy (Lebistes

reticulatus) food chain. Diss. Abstr. 28, 2210-B.
Reinert, R.E. (1972) The accumulation of deldrin in an alga (Scenedesmus obliquus), daphnia (Daphnia magna), guppy (Lebistes

reticulatus). J. Fish Res. Board Can. 29, 1413–1418.
Reish, D.J., Kauwling, T.J., Mearns, A.J., Oshida, P.S., Rossi, S.S., Wilkes, F.G., Ray, M.J. (1978) Marine and estuarine pollution.

J. Water Pollut. Control Fed. 50, 1424–1469.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4015

Renberg, L. (1981) Gas chromatographic determination of chlorophenols in environmental samples. National Swedish Environment
Protection Board Report 1410, 135pp.

Renberg, L., Sundström, G. (1979) Prediction of bioconcentration potential of organic compounds using partition coefficients derived
from reversed phase thin layer chromatography. Chemosphere 7, 449–459.

Renberg, L., Sundström, G., Rosen-Olofsson, S. (1985) The determination of partition coefficients of organic compounds in technical
products and waste waters for the estimation of their bioaccumulation potential using reversed phase thin layer chromatog-
raphy. Toxicol. Environ. Chem. 10, 333–349. 

Renner, G. (1990) Gas chromatographic studies of chlorinated phenols, chlorinated anisoles, and chlorinated phenylacetates. Toxicol.
Environ. Chem. 27, 217–224.

Rice, C.P., Chernyak, S.M., Hapeman, C.J., Bilboulian, S. (1997a) Air-water distribution of the endosulfan isomers. J. Environ. Qual.
26, 1101–1106.

Rice, C.P., Chernyak, S.M., McConnell, L.L. (1997b) Henry’s law constants for pesticides measured as a function of temperature
and salinity. J. Agric. Food Chem. 45, 2291–2298.

Richards, A.G., Cutkomp, L.K. (1946) Correlation between the possession of a chitinous cuticle and sensitivity to DDT. Biol. Bull.
90, 97–108.

Richards, R.P., Baker, D.B. (1993) Pesticide concentration patterns in agricultural drainage networks in the Lake Erie basin. Environ.
Toxicol. Chem. 12, 13–26.

Richardson, G., Qadri, S.U. (1986) Tissue distribution of 14C-labeled residues of aminocarb in brownhead (Ictalurus nebulosus Le
Sueur) following acute exposure. Ecotoxicol. Environ. Saf. 12, 180–186.

Richardson, L.T., Miller, D.M. (1960) Fungitoxicity of chlorinated hydrocarbon insecticides in relation to water solubility and vapor
pressure. Can. J. Botany 38, 163–175.

Roark, R.C. (1951) A digest of information on chlordane. U.S. Dept. of Agriculture, Bureau Entomol. and Plant Quarantine E-817.
132 pp.

Robeck, G.G., Dostal, K.K., Cohen, J.M., Dreissal, J.F. (1965) Effectiveness of water treatment processes in pesticide removal. J. Am.
Water Works Assn. 57, 181–200.

Roberts, J.R., De Frietas, A.S.W., Gidney, M.A.J. (1977) Influence of lipid pool size on bioaccumulation of the insecticide chlordane
by northern redhorse suckers (Moxostoma macrolepidotum). J. Fish Res. Board Can. 34, 89.

Robinson, J., Roberts, M., Baldwin, M., Walker, A.I.T. (1969) Pharmacokinetics of HEOD (dieldrin) in the rat. Fed. Cosmet. Toxicol.
7, 317–332.

Rordorf, B.F. (1989) Unpublished data, private communication.
Rose, F L., McIntire, C.D. (1970) Accumulation of dieldrin by benthic algae in laboratory streams. Hydrobiologia 35, 481.
Rothman, A.M. (1980) Low vapor pressure determination by the radiotracer transpiration method. J. Agric. Food Chem. 28, 1225–1228.
Ruelle, P., Kesselring, U.W. (1997) Aqueous solubility prediction of environmentally important chemicals from the mobile order

thermodynamics. Chemosphere 34(2), 275–298.
Ruzicka, J.H., Thomson, J., Wheals, B.B. (1967) The gas chromatographic determination of organophosphorous pesticides. Part II.

A comparative study of hydrolysis rates. J. Chromatogr. 31, 37–47.
Ryan, J.A., Bell, R.M., Davidson, J.M., O’Connor, G.A. (1988) Plant uptake of non-ionic organic chemicals from soils. Chemosphere

17, 2299–2322.
Saarikoski, J., Viluksela, M. (1982) Relation between physicochemical properties of phenols and their toxicity and accumulation in

fish. Ecotoxicol. Environ. Saf. 6, 501–512.
Saarikoski, J., Lindström, R., Tyynelä, M., Viluksela, M. (1986) Factors affecting the absorption of phenolics and carboxylic acids

in the guppy (Poecilia reticulata). Ecotoxicol. Environ. Saf. 11, 158–173.
Sabljic, A. (1984) Prediction of the nature and strength of soil sorption of organic pollutants by molecular topology. J. Agric. Food

Chem. 32, 243–246.
Sabljic, A. (1987a) On the prediction of soil sorption coefficients of organic pollutants from molecular structure: Application of

molecular topology model. Environ. Sci. Technol. 21, 358–366.
Sabljic, A. (1987b) Nonempirical modeling of environmental distribution and toxicity of major organic pollutants. In: QSAR in

Environmental Toxicology-II. Kaiser, K.L.E., Editor, pp. 309–322, D. Reidel Publ. Co., Dordrecht, The Netherlands.
Sabljic, A., Güsten, H., Verhaar, H., Hermens, J. (1995) QSAR modelling of soil sorption. Improvements and systematics of log KOC

vs. log KOW correlations. Chemosphere 31, 4489–4514. 
Saha, J.G. (1969) Significance of organochlorine insecticide residues in fresh plants as possible contaminants and beef products. Res.

Rev. 26, 89–126.
Sahsuvar, L., Helm, P.A., Jantunen, L.M., Bidleman, T.F. (2003) Henry’s law constants for α-, β-, and γ-hexachlorocyclohexanes

(HCHs) as a function of temperature and revised estimates of gas exchange in Arctic regions. Atmos. Environ. 37, 983–992.
Saito, S., Tanoue, A., Matsuo, M. (1992) Applicability of the i/o-characters to a quantitative description of bioconcentration of organic

chemicals in fish. Chemosphere 24(1), 81–87.
Saito, S., Koyasu, J., Yoshida, K., Shigeoka, T., Koike, S. (1993) Cytotoxicity of 109 chemicals to goldfish GFS cells and relationships

with 1-octanol/water partition coefficients. Chemosphere 26, 1015–1028.
Saleh, F.Y., Dickson, K.L., Rodgers, Jr. J.H. (1982) Fate of lindane in the aquatic environment: Rate constants of physical and

chemical processes. Environ. Toxicol. Chem. 1, 289–297.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4016 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Samanidou, V., Fytianos, K., Pfister, G., Bahadir, M. (1988) Photochemical decomposition of waters of Northern Greece. Sci. Total
Environ. 76, 85–92.

Sanborn, J.R., Metcalf, W.N.B., Bruce, W.N., Lu, P.Y. (1976) The fate of chlordane and toxaphene in a terrestrial-aquatic model
ecosystem. Environ. Entomol. 5(3), 533–538.

Sancho, E., Ferrando, M.D., Andreu, E., Gamon, M. (1993) Bioconcentration and excretion of diazinon by eel. Bull. Environ. Contam.
Toxicol. 50, 578–585.

Sanders, P.F., Jones, K.C., Hamilton-Taylor, J. (1993) A simple method to assess the susceptibility of polynuclear aromatic hydro-
carbons to photolytic decomposition. Atmos. Environ. 27A, 139–144.

Sanders, P.F., Seiber, J.N. (1984) Organophosphorus pesticides volatilization. Model soil pits and evaporation ponds. In: Treatment
and Disposal of Pesticide Wastes. Krueger, R.F., Seiber, J.N. Editors, Am. Chem. Soc. Sym. Series 259, 279–295.

Sangster, J. (1993) LOGKOW Databank, Sangster Research Laboratory, Montreal, Quebec.
Sattar, M.A. (1990) Fate of organophosphorus pesticides in soils. Chemosphere 20, 387–396.
Schauberger, C.W., Wildman, R.B. (1977) Accumulation of aldrin and dieldrin by blue-green algae and related effects on photosyn-

thetic pigments. Bull. Environ. Contam. Toxicol. 17, 534–541.
Schimmel, S.C., Patrick, Jr., J.M., Forester, J. (1976) Heptachlor: Uptake, depuration, retention, and metabolism by spot (Leiostromus

xanthurus). J. Toxicol. Environ. Health 2, 169.
Schimmel, S.C., Patrick, Jr., J.M., Forester, J. (1977) Toxicity and bioconcentration of BHC and lindane in selected estuarine animals.

Arch. Environ. Contam. Toxicol. 6, 355–363.
Schimmel, S.C., Garnas, R.L., Patrick, Jr., J.M., Moore, J.C. (1983) Acute toxicity, bioconcentration, and persistence of AC 222,

705, benthiocarb, chlorpyrifos, fenvalerate, methyl parathion, and permethrin in the estuarine environment. J. Agric. Food
Chem. 31, 104–113.

Schellenberg, K., Leuenberger, C., Schwarzenbach, R.P. (1984) Sorption of chlorinated phenols by natural sediments and aquifer
materials. Environ. Sci. Technol. 18, 652–657.

Schmidt-Bleek, F., Haberland, W., Klein, A.W., Caroli, S. (1982) Steps toward environmental hazard assessment of new chemicals
(including a hazard ranking scheme, based upon directive 78/831/EEC). Chemosphere 11, 383–415.

Schnoor, J.L. (1992) 1, Chemical fate and transport in the environment. In: Fate of Pesticides and Chemicals in the Environment.
Schnoor, J.L., Editor, pp. 1–24, John Wiley & Sons, New York.

Schnoor, J.L., Editor (1992) Fate of Pesticides and Chemicals in the Environment. John Wiley & Sons, New York.
Schnoor, J.L., McAvoy, D.C. (1981) Pesticide transport and bioconcentration model. J. Environ. Eng. Div. (Am. Soc. Civ. Eng.) 107(EE6),

1229–1246. 
Schnoor, J.L., Sato, C., McKechnie, D., Sahoo, D. (1987) Processes, Coefficients, and Models for Simulating Toxic Organics and

Heavy Metals in Surface Waters. EPA 600/3–87–015. US EPA, Athens, Georgia.
Schomburg, C.J., Glotfelty, D.E., Seiber, J.N. (1991) Pesticide occurrence and distribution in fog collected near Monterey, California.

Environ. Sci. Technol. 25, 155–160.
Schreitmüller, J., Ballschmiter, K. (1995) Air-water equilibrium of hexachlorocyclohexanes and chloromethoxy-benzenes in North

and South Atlantic. Environ. Sci. Technol. 29, 207–215.
Scow, K.M. (1982) Rate of biodegradation. In: Handbook of Chemical Property Estimation Methods. Lyman, W.J., Rechl, W.F.,

Rosenblatt, D.H., Editors, pp. 9–1 to 9–84, McGraw-Hill, New York. 
Seguchi, K., Asaka, S. (1981) Intake and excretion of diazinon in freshwater fishes. Bull. Environ. Contam. Toxicol. 27, 244–249.
Seiber, J.N. (1987) Solubility, partition coefficient and bioconcentration factor. In: Fate of Pesticides in the Environment. Biggar,

J.W., Seiber, J.N., Editors, publication 3320 of the Agricultural Experiment Station, Division of Agriculture and Nature
Resources, University of California, Oakland, California. pp. 53–59.

Seiber, J.N., Catahan, M P., Barril, C.R. (1978) Loss of carbofuran from rice paddy water: Chemical and physical factors. J. Environ.
Sci. Health B13, 131–148.

Seiber, J.N., Madden, S.C., McChesney, M.M., Winterlin, W.N. (1979) Toxaphene dissipation from treated cotton field environments:
Component residual behaviour on leaves and in air, soil, and sediments determined by capillary gas chromatography.
J. Agric. Food Chem. 27, 284.

Seiber, J.N., McChesney, M.M. (1987) Measurement and computer model simulation of the volatilization flux of molinate and methyl
parathion from a flooded rice field. Final Report to Department of Food and Agriculture, Sacramento, California.

Seiber, J.N., McChesney, M.M., Woodrow, J.E. (1989) Airborne residues resulting from use of methyl parathion, molinate and
thiobencarb on rice in the Sacramento Valley, California. Environ. Toxicol. Chem. 8, 577–588.

Seiber, J.N., Woodrow, J.E., Sanders, P.F. (1981) Estimation of ambient vapor pressures of pesticides from gas chromatographic
retention data. Abstract, 183rd Am. Chem. Soc. Meeting, New York.

Sethunathan, N., MacRae, I.C. (1969) Persistence and biodegradation of diazinon in submerged soils. J. Agric. Food Chem. 17(2),
221–225. 

Sharom, M.S., Miles, J.R.W., Harris, C.R., McEwen, F L. (1980) Persistence of 12 insecticides in water. Water Res. 14, 1089–1093.
Sharom, M., Miles, J.R.W., Harris, C R., McEwen, F.L. (1980) Behaviour of 12 insecticides in soil and aqueous suspensions of soil

and sediment. Water Res. 14, 1095–1100.
Shen, L., Wania, F. (2005) Compilation, evaluation, and selection of physical-chemical property data for organochlorine pesticides.

J. Chem. Eng. Data vol. pp. 50, 740–768.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4017

Shigeoka, T., Yamagata, T., Minoda, T., Yamauchi, F. (1988) Acute toxicity and hatching inhibition of chlorophenol to Japanese
medaka, Oryzias latipes, and structure-activity relationships. Jpn. J. Toxicol. Environ. Health 34, 343–349.

Shoeib, M., Harner, T. (2002) Using measured octanol-air partition coefficients to explain environmental partitioning of organochlorine
pesticides. Environ. Toxicol. Chem. 21, 984–990.

Sicbaldi, F., Finizio, A. (1993) KOW estimation by combination of RP-HPLC and molecular indexes for a heterogeneous set of
pesticide. In: Proceedings IX Symposium Pesticide Chemistry, Mobility and Degradation of Xenobiotics. 11–13, Oct 1993,
Piacenza, Italy.

Siebers, J., Gottschild, D., Nolting, H.-G. (1994) Pesticides in precipitation in Northern Germany. Chemosphere 28(8), 1559–1570.
Siebers, J., Mattusch, P. (1996) Determination of airborne residues in greenhouses after application of pesticides. Chemosphere 33(8),

1597–1607.
Sillén, L.G., Martell, A.E. (1971) Stability Constants of Metal-Ion Complexes. Supplement No. 1, Spec. Publ. No. 25, The Chemical

Society, London, England.
Simpson, C.D., Wilcock, R.J., Smith, T.J., Wilkins, A.L., Langdon, A.G. (1995) Determination of octanol-water partition coefficients

for the major components of technical chlordane. Bull. Environ. Contam. Toxicol. 55, 149–153.
Skea, J.C., Simonin, H.J., Symula, J. (1981) Accumulation and retention of mirex by brook trout fed a contaminated diet. Bull.

Environ. Contam. Toxicol. 27, 79–83.
Slade, R.E. (1945) The γ-isomer of hexachlorocyclohexane (Gammexane). An insecticide with outstanding properties. Chem. Ind.

40, 314–319.
Slater, R.M., Spedding, D.J. (1981) Transport of dieldrin between air and water. Arch. Environ. Contam. Toxicol. 10, 25–33.
Smelt, J.H., Dekker, A., Leistra, M. (1979) Neth. J. Agric. Sci. 27, 191–198.
Smelt, J.H., Dekker, A., Leistra, M., Houx, N.W.H. (1983) Conversion from carbamoyloximes in soil samples from above and below

the soil water table. Pest. Sci. 14, 173–181.
Smelt, J.H., Leistra, M., Houx, N.W.H., Dekker, A. (1978) Conversion rates of aldicarb and its oxidation products in soils. III.

Aldicarb. Pest. Sci. 9, 293–300.
Smith, A.D., Bharath, A., Mallard, C., Orr, D., McCarty, L.S., Ozbum, G.W. (1990) Bioconcentration kinetics of some chlorinated

benzenes and chlorinated phenols in American flagfish, Jordanella floridae (Goode and Bean). Chemosphere 20, 379–386.
Smith, J.H., Mabey, W.R., Bahonos, N., Holt, B.R., Lee, S.S., Chou, T.W., Venberger, D., Mill, T. (1978) Environmental pathways

of selected chemicals in freshwater systems: Part II. Laboratory Studies. Interagency Energy-Environmental Research
Program Report. EPA-600/7–78–074. Environmental Research Laboratory Office of Research and Development. U.S. EPA,
Athens, Georgia.

Smith, P.D., Brockway, D.L., Stancil, F.E., Jr. (1987) Effect of hardness, alkalinity and pH on toxicity of pentachlorophenol to
Selenastrum capricornutum (printz). Environ. Toxicol. Chem. 6, 891–900.

Söderström, M., Wachtmeister, C.A., Förlin, L. (1994) Analysis of chlorophenolics from bleach Kraft Mill effluents (BKME) in bile
of perch (Perca fluviatilis) from the Baltic Sea and development of an analytical procedure also measuring chlorocatechols.
Chemosphere 28, 1701–1719.

Somasundaram, L., Coats, J.R., Racke, K.D. (1991) Mobility of pesticides and their hydrolysis metabolites in soil. Environ. Toxicol.
Chem. 10, 185–194.

Soon, L.G., Hock, O.S. (1987) Environmental problems of pesticide usage in Malaysian rice-fields. In: Management of Pests and
Pesticides. Tait, J., Napompeth, B., Editors, pp. 10–21, Westview, London, United Kingdom.

Sotomatsu, T., Nakagawa, Y., Fujita, T. (1987) Quantitative structure-activity studies of benzoylphenylurea larvicides. IV. Benzoyl
ortho substituent effects and molecular conformation. Pestic. Biochem. Physiol. 27, 156–164.

Spain, J.C., Pritchard, P., Bourquin, A.W. (1980) Effects of adaptation on biodegradation rates in sediment water cores from estuarine
and freshwater environments. Appl. Environ. Microbiol. 40, 726–734.

Spehar, R.L., Tanner, D.K., Nordling, B.R. (1983) Toxicity of the synthetic pyrethroids, permethrin and AC 222, 705 and their
accumulation in early life stages of fathead minnows and snails. Aquatic Toxicol. 3, 171–182.

Spencer, E.Y. (1976) Vapor pressure and vapor loss. In: A Literature Survey of Bench-mark Pesticides. Medical Center, Dept. of
Medical and Public Affairs, Science Communication Division, The George Washington University, Washington, DC.

Spencer, E.Y., Editor (1982) Guide to the Chemicals Used in Crop Protection. 7th Edition, Research Branch Agriculture Canada,
Ontario, Canada.

Spencer, J.R., Hermandez, B.Z., Schneider, F.A., Gonzales, M., Begum, S., Krieger, R.I. (1992) Seasonal mevinphos degradation on
row crops in Monterey county, 1990. Chemosphere 24, 773–777.

Spencer, W.F. (1975) Movement of DDT and its derivatives into the atmosphere. Res. Rev. 59, 91–117.
Spencer, W.F., Cliath, M.M. (1968) Vapor density of dieldrin. Environ. Sci. Technol. 3, 670–674.
Spencer, W F., Cliath, M.M. (1970) Vapor density and apparent vapor pressure of lindane (γ BHC). J. Agric. Food Chem. 18(3), 529–530.
Spencer, W.F., Cliath, M.M. (1972) Volatility of DDT and related compounds. J. Agric. Food Chem. 20, 645–649.
Spencer, W.F., Shoup, T.D., Cliath, M.M., Farmer, W.J., Haque, R. (1979) Vapor pressure and relative volatility of ethyl and methyl

parathion. J. Agric. Food Chem. 27, 273–278.
Spiller, D. (1961) A digest of available information on insecticide malathion. Adv. Pest. Control Res. 4, 249.
SRI International (1980) Interim Report on Task No. 11, Contract No. 68–01–3867, U.S. EPA Monitoring and Data Support Div.,

Office of Water Regulations and Standards, Washington, DC.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4018 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Statham, C.N., Melancon, Jr., M.J., Leck, J.L. (1976) Bioconcentration of xenobiotics in trout bile: A proposed monitoring aid for
some water borne chemicals. Science 193, 680–681.

Staudinger, J., Roberts, P.V. (1996) A critical review of Henry’s law constants for environmental application. Crit. Rev. Environ. Sci.
Technol. 26, 205–297.

Staudinger, J., Roberts, P.V. (2001) A critical compilation of Henry’s law constant temperature dependence relations for organic
compounds in dilute aqueous solutions. Chemosphere 44, 561–576.

Stehly, G.R., Hayton, W.L. (1990) Effect of pH on the accumulation kinetics of penta-chlorophenol in goldfish. Arch. Environ. Contam.
Toxicol. 19, 464–470.

Stephen, H., Stephen, T. (1963) Solubilities of Inorganic and Organic Compounds. Vols. I and II, MacMillan Co., New York.
Stephenson, R.M., Malanowski, A. (1987) Handbook of the Thermodynamics of Organic Compounds. Elsevier, N.Y.
Stephenson, R.R. (1982) Aquatic toxicity of cypermethrin. I. Acute toxicity to some freshwater fish and invertebrates in laboratory

tests. Aquatic Toxicology 2, 175–185.
Stewart, D.K.R., Chisholm, D. (1971) Long term persistence of BHC, DDT and chlordane in a sandy loam clay. Can. J. Soil Sci.

61, 379–383.
Sugiura, K., Aoki, M., Kaneko, S., Daisaku, I., Komatsu, Y., Shibuya, H., Suzuki, H., Goto, M. (1984) Fate of 2,4,6-trichlorophenol,

pentachlorophenol, p-chlorobiphenyl, and hexachlorobenzene in an outdoor experimental pond: Comparison between obser-
vations and predictions based on laboratory data. Arch. Environ. Contam. Toxicol. 13, 745–758.

Sugiura, K., Washino, T., Hattori, M., Sato, E., Goto, M. (1979) Accumulation of organo-chlorines in fishes-Difference of accumulation
factors by fishes. Chemosphere 8(6), 359–364.

Sukop, M., Cogger, C.G. (1992) Adsorption of carbofuran, metalaxyl, and simazine: KOC evaluation and relation to soil transport. J.
Environ. Sci. Health B27(5), 565–590.

Sun, H., Xu, J., Yang, S., Liu, G., Dai, S. (2004) Plant uptake of aldicarb from contaminated soil and it enhanced degradation in the
rhizosphere. Chemosphere 54, 569–574.

Suntio, L.R., Shiu, W.Y., Mackay, D., Seiber, J.N., Glotfelty, D. (1988) Critical review of Henry’s law constants. Rev. Environ.
Contam. Toxicol. 103, 1–59.

Sutherland, G.L., Giang, P.A., Archer, T.E. (1980) In: Analytical Methods for Pesticides and Plant Growth Regulators. Vol. 11, Zweig,
G., Editor, pp. 487–505, Academic Press, New York.

Svenson, S., Björndal, H. (1988) A convenient test method for photochemical transformation of pollutants in the aquatic environment.
Chemosphere 17, 2397–2405.

Swann, R.L., Laskowski, D.A., McCall, P.J., Vander, Kuy K., Dishburger, H.J. (1983) A rapid method for estimation of the
environmental parameters octanol/water partition coefficient, soil sorption constant, water to air ratio, and water solubility.
Res. Rev. 85, 17–28.

Swoboda, A.R., Thomas, G.W. (1968) Movement of parathion in soil columns. J. Agric. Food Chem. 16, 923–927.
Szeto, S.Y., MacCarthy, H.R., Oloffs, P.C., Shepherd, R.F. (1979) The fate of acephate and carbaryl in water. J. Environ. Sci. Health.

B14, 635–654.
Szeto, S.Y., Vernon, R.S., Brown, M.J. (1983) Degradation of disulfoton in soil and its translocation into asparagus. J. Agric. Food

Chem. 31, 217–220.
Tafuri, F., Businelli, M., Scarponi, L., Marucchini, C.J. (1977) Decline and movement of AG chlordane in soil and its residues in

alfalfa. J. Agric. Food Chem. 25, 353–356.
Takase, I., Oyama, H. (1985) Uptake and bioconcentration of disulfoton and its oxidation compounds in carp, Cyprinus carpio

L. Nippon Noyaku Gakkaishi 10, 47–53.
Takimoto, Y., Miyamoto, J. (1976) Studies on the accumulation and metabolism of sumithion in fish. J. Pest. Sci. 1, 261–271.
Takimoto, Y., Ohshima, M., Miyamoto, J. (1987) Comparative metabolism of fenitrothion in aquatic organisms. I. Metabolism in the

euryhaline fish, Oryzalias latipes and Mugil cephalus. Ecotox. Environ. Saf. 13, 104–117.
Takimoto, Y., Ohshima, M., Yamada, H., Miyamoto, J. (1984) Fate of fenitrothion in several developmental stages of the killifish

(Oryzalias latipes). Arch. Environ. Contam. Toxicol. 13, 579–587.
Taylor, A.W., Glotfelty, D.E. (1988) Evaporation from soils and crops. In: Environmental Chemistry of Herbicides. Vol. I, Grover,

R., Editor, pp. 89–130, CRC Press, Boca Raton, Florida.
Taylor, A.W., Spencer, W.F. (1990) Volatilization and vapor transport processes. In: Pesticides in the Soil Environment: Processes,

Impacts, and Modeling. Cheng, H.H., Editor, pp. 213–269, Soil Science Society of America, Madison, Wisconsin.
Tejada, A.W. (1995) Pesticide residues in foods and the environment as a consequence of crop protection. Philipp. J. Agric. 78, 63–79.
Tejada, A.W., Magallona, E.D. (1985) Fate of carbosulfan in a rice paddy environment. Philipp. Entomol. 6, 255–273.
Tejada, A.W., Varca, L.M., Ocampo, P., Bajet, C.M., Magallona, E.D. (1993) Fate and residues of pesticides in rice production. Int.

J. Pest. Manage. 39, 281–287.
Terada, H., Kosuge, Y., Murayama, W., Nakaya, N., Nunogaki, Y., Nunogaki, K.-I. (1987) Correlation of hydrophobic parameters

of organic compounds determined by centrifugal partition chromatography with partition coefficients between octanol and
water. J. Chromatogr. 400, 343–351.

Thibodeaux, L.J. (1979) Chemodynamics. John Wiley & Sons, New York.
Thomann, R.V. (1989) Bioaccumulation model of organic chemical distribution in aquatic food chains. Environ. Sci. Technol. 23,

699–707.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4019

Thomas, R.G. (1982) Chapter 15: Volatilization from water, and Chapter 16: Volatilization from soil. In: Handbook of Chemical
Property Estimation Methods. Lyman, W.J., Rechl, W.F., Rosenblatt, D.H., Editors, McGraw-Hill, New York.

Thor (1989) from Medchem Release 3.54, Daylight Chemical Information Systems, Claremont, California.
Tomlin, C. (1994) The Pesticide Manual (A World Compendium). 10th Ed., Incorporating the Agrochemicals Handbook. The British

Crop Protection Council, Surrey, UK and The Royal Society of Chemistry, Cambridge, U.K.
Toyota, H., Kuwahara, M. (1967) The study on production of PCP chemical fertilizer and its effect as herbicide and fertilizer, the

solubility in water of PCP in PCP chemical fertilizer. Nippon Dojohiryogaku Zasshi 38, 93–97.
Trapp, St., Pussemier, L. (1991) Model calculations and measurements of uptake and translocation of carbamates by bean plants.

Chemosphere 22, 327–339.
Tratnyek, P.G., Hoigné, J. (1991) Oxidation of substituted phenols in the environment: A QSAR analysis of rate constants for reaction

with singlet oxygen. Environ. Sci. Technol. 25, 626–631.
Travis, C.C., Arms, A.D. (1988) Bioconcentration of organics in beef, milk, and vegetation. Environ. Sci. Technol. 22, 271–274.
Trotter, D.M., Kent, R.A., Wong, M.P. (1991) Aquatic fate and effect of carbofuran. Critical Reviews in Environ. Control 21(2),

137–176.
Trujillo, D.A., Ray, L.E., Murray, H.E., Giam, C.S. (1982) Bioaccumulation of penta-chlorophenol by killifish (Fundulus similus).

Chemosphere 11, 25–31.
Tsuda, T., Aoki, S., Inoue, T., Kojima, M. (1995) Accumulation and excretion of diazinon, fenthion and fenitrothion by killifish:

Comparison of individual and mixed pesticides. Water Res. 29, 455–458.
Tsuda, T., Aoki, S., Kojima, M., Fujita, T. (1992) Pesticides in water and fish from rivers flowing into Lake Biwa (II). Chemosphere

24, 1523–1531.
Tsuda, T., Aoki, S., Kojima, M., Fujita, T. (1992) Accumulation and excretion of organo-phosphorus pesticides by willow shiner.

Chemosphere 25(12), 1945–1951.
Tsuda, T., Aoki, S., Kojima, M., Fujita, T. (1993) Accumulation and excretion of organo-phosphorus pesticides by carp Cyprinus

carpio. Comp. Biochem. Physiol. 104C(2), 275–278.
Tsuda, T., Aoki, S., Kojima, M., Harada, H. (1989) Bioconcentration and excretion of diazinon, IBP, malathion and fenitrothion by

willow shiner. Toxicol. Environ. Chem. 24, 185–190.
Tsuzuki, M., (2000) Thermodynamic estimation of vapor pressure fo organophosphorus pesticides. Environ. Toxiccol. Chem. 19,

1717–2000.
Tsuzuki, M. (2001) Vapor pressures of carboxylic acid esters including pyrethroids: measurement and estimation from molecular

structure. Chemosphere 45, 729–736.
Tucker, W.A., Lyman, W.J., Preston, A.L. (1983) Estimation of the dry deposition velocity and scavenging ratio for organic chemicals.

In: Precipitation Scavenging, Dry Deposition, and Resuspension. Pruppacher, et al., Editors, pp. 1242–1256, Elsevier Science
Publishing Co., New York.

Ugland, K., Lundanes, E., Greibrok, T., Bjoseth, A. (1981) Determination of chlorinated phenols by high-performance liquid
chromatography. J. Chromatogr. 213, 83–90.

Ulmann, E. (1972) Lindane, Monograph of an Insecticide. Verlag K. Schillinger-Freiburg in Breisgau. p.16.
USDA (1989) Final environmental impact statement, vegetation management in the Piedmont and Coastal Plain. Southern Region

Management Bulletin R8-MB-23, USDA Forest Service, Atlanta, Georgia.
USEPA (1984) Review of In-place Treatment for Contaminated Surface Soils. Vol. 1 and 2, U.S. EPA 540/2–84–003. U.S. EPA,

Cincinnati, Ohio.
Valsaraj, K.T., Thibodeaux, L.J., Lu, X.-Y. (1991) Studies in batch and continuous solvent sublation. III. Solubility of pentachlo-

rophenol in alcohol-water mixtures and its effects on solvent sublation. Sep. Sci. Technol. 26(4), 529–538.
Van Gestel, C.A.M., Ma, W.-C. (1988) Toxicity and bioaccumulation of chlorophenols in earthworms, in relation to bioavailability

in soil. Ecotoxicol. Environ. Saf. 16, 289–297.
Veith, G.D., Austin, N.M., Morris, R.T. (1979a) A rapid method for estimation log P for organic chemicals. Water Res. 13, 43–47.
Veith, G.D., Defoe, D.L., Bergstedt, B.V. (1979b) Measuring and estimating the bioconcentration factor of chemicals in fish. J. Fish

Res. Board Can. 26, 1040–1048.
Veith, G.D., Kosian, P. (1983) Estimating bioconcentration potential from octanol/water partition coefficients. In: Physical Behavior

of PCBs in the Great Lakes. Mackay, D., Paterson, S., Eosemreocj. S.J., Simmons, M.S., Editors, Chapter 15, pp. 269–282,
Ann Arbor Science, Ann Arbor, Michigan.

Veith, G.D., Macek, K.J., Petrocelli, S.R., Caroll, J. (1980) An evaluation of using partition coefficient and water solubilities to estimate
bioconcentration factors for organic chemicals in fish. In: Aquatic Toxicology. ASTM STP 707, Eaton, J.G., Parrish, P.R.,
Hendricks, A.C., Editors, pp. 116–129, American Society for Testing and Materials, Philadelphia, Pennsylvania.

Veith, G.D., Morris, R.T. (1978) A Rapid Method for Estimating Log P for Organic Chemists. U.S. Environmental Protection Agency,
ERL, Duluth, Minnesota.

Verschueren, K. (1977) Handbook of Environmental Data on Organic Chemicals. Van Nostrand Reinhold, New York.
Verschueren, K. (1983) Handbook of Environmental Data on Organic Chemicals. 2nd Edition, Van Nostrand Reinhold, New York.
Vigano, L., Galassi, S., Gatto, M. (1992) Factors affecting the bioconcentration of hexachlorocyclohexanes in early life stages of

Oncorhynchus mykiss. Environ. Toxicol. Chem. 11, 535–540.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4020 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Voerman, S., Besemer, A.F.H. (1975) Persistence of dieldrin, lindane, and DDT in a light sandy soil and their uptake by grass. Bull.
Environ. Contam. Toxicol. 13, 501–505.

Voerman, S., Tammes, P.M.L. (1969) Adsorption and desorption of lindane and dieldrin by yeast. Bull. Environ. Contam. Toxicol.
4, 271.

von Rümker, R., Horay, F. (1972) Basic Information on Thirty-five Pesticide Chemicals. Pesticide Manual. Part II, U.S. Agency for
International Development.

Walsh, A.H., Ribelin, W.E. (1973) In: The Pathology of Fish. Ribelin, W.E., Migaki, G., Editors, University of Wisconsin Press,
Madison, Wisconsin.

Walker, A.I., Stevenson, D.E., Robinson, J., Thorpe, E., Roberts, M. (1969) Toxicol. Appl. Pharmacol. 15, 345–373.
Walker, W.W., Cripe, C.R., Pritchard, P.H., Bourquin, A.W. (1988) Biological and abiotic degradation of xenobiotic compounds in

in vitro esturine water and sediment/water system. Chemosphere 17, 2255–2270.
Walker, W.W., Stojanovic, B.J. (1973) Microbial versus chemical degradation of malathion in soil. J. Environ. Qual. 2, 229–232.
Wang, T.C., Hoffman, M.E. (1991) Degradation of organophosphorus pesticides in coastal water. J. Assoc. Off. Anal. Chem. 74(5),

883–886.
Wang, X., Harada, S., Watanabe, M., Koshikawa, H., Geyer, P.R. (1996) Modelling the bioconcentration of hydrophobic organic

organisms. Chemosphere 32, 1783–1793.
Wania, F., Mackay, D. (1993) Global fractionation and cold condensation of low volatility organochlorine compounds in polar regions.

Ambio 22, 10–18.
Wania, F., Mackay, D. (1993) Modelling the global distribution of toxaphene: A discussion of feasibility and desirability. Chemosphere

27, 2079–2094.
Wania, F., Mackay, D. (1996) Tracking the distribution of persistent organic pollutants. Environ. Sci. Technol. 30, 390A–396A.
Wania, F., Shiu, W.Y., Mackay, D. (1994) Measurements of the vapor pressure of several low-volatility organochlorine chemicals at

low temperatures with a gas saturation method. J. Chem. Eng. Data 39, 572–577.
Wanner, O., Egli, T., Fleischmann, T., Lanz, K., Reichert, P., Schwazenbach, R.P. (1989) Behavior of the insecticides disulfolton and

thiometon in the Rhine River: A chemodynamic study. Environ. Sci. Technol. 23, 1232–1242.
Ward, T.E. (1985) Characterizing the aerobic and anaerobic microbial activities in surface and subsurface soils. Environ. Toxicol.

Chem. 4, 727–737.
Warner, H.P., Cohen, J.M., Ireland, J.C. (1980) Determination of Henry’s Law Constants of Selected Priority Pollutants. MERL,

Cincinnati, Ohio.
Warner, H.P., Cohen, J.M., Ireland, J.C. (1987) Determination of Henry’s Law Constants of Selected Priority Pollutants. EPA/600/

D-87/229; NTIS PB87–212684. U.S. Environmental Protection Agency, Cincinnati, Ohio. 
Warner, H.P., Cohen, J.M., Ireland, J.C. (1980) In-house report of U.S. EPA, Municipal Environmental Research Laboratory, Wastewater

Research Division, Cincinnati, Ohio.
Watanabe, I., Tatsukawa, R. (1989) Anthropogenic brominated aromatics in the Japanese environment. In: Proceedings: Workshop

on Brominated Aromatic Flame Retardants. pp. 63–70. Skokloster, Sweden, 24–26 October, 1989.
Wauchope, R.D. (1978) The pesticide content of surface water draining from agricultural fields- A review. J. Environ. Quality. 7(4),

459–472.
Wauchope, R.D. (1989) ARS/SCS Pesticide Properties Database. Version 1.9, preprint, August, 1989.
Wauchope, R.D., Buttler, T.M., Hornsby, A.G., Augustijn-Beckers, P.W.M., Burt, J.P. (1992) The SCS/ARS/CES Pesticide Properties

Database for Environmental Decision-Making. Rev. Environ. Contam. Toxicol. 123, 1–164.
Way, M.J., Scopes, N.E A. (1968) Studies on the persistence and effects on soil fauna and some soil-applied systemic insecticides.

Ann. Appl. Biol. 62, 199–214.
Weast, R.C., Ed. (1972–73) Handbook of Chemistry and Physics. 53rd edition, CRC Press, Cleveland, Ohio.
Weast, R.C., Ed. (1976–77) Handbook of Chemistry and Physics. 57th edition, CRC Press, Cleveland, Ohio.
Weber, J.B., Shea, P.J., Strek, H.J. (1980) An evaluation of nonpoint sources of pesticide pollution in runoff. In: Environmental Impact

of Nonpoint Source Pollution. Overcash, M., Davidson, J., Editors, Ann Arbor Science Publishers, Ann Arbor, Michigan.
Weber, K. (1976) Degradation of parathion in seawater. Water Res. 10, 237–241.
Webster, G.R.B., Friesen, K.J., Sarna, L.P., Muir, D.C.G. (1985) Environmental fate modelling of chlorodioxins: determination of

physical constants. Chemosphere 14, 689–622.
Wei, D., Zhang, A., Wu, C., Han, S., Wang, L. (2001) Progressive study and robustness test of QSAR model based on quantum

chemical parameters for predicting BCF of selected polychlorinated organic compounds (PCOCs). Chemosphere 44,
1421–1428.

Weil, V.G., Dure, G., Quentin, K.L. (1974) Solubility in water of insecticide chlorinated hydrocarbons and polychlorinated biphenyls
in view of water pollution. Z. Wasser Abwasser Forsch 7(6), 169–175.

Weinberger, P., Greenhalgh, R. (1983) Review of ecotoxicity of matacil in freshwater environment: chemical and phytobiological
impact studies. In: Aquatic Toxicology, Nriagu, J.O., Ed., pp. 437–438, Wiley-Interscience, New York.

Weisgerber, I., Kohli, J., Kaul, R., Klein, W., Korte, F. (1974) Fate of aldrin-14C in maize, wheat, and soils under outdoor conditions.
J. Agric. Food Chem. 22, 609–612.

Wells, D., Grayson, B.T., Langner, E. (1986) Vapor pressure of permethrin. Pest. Sci. 17, 473–476.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



Insecticides 4021

Westall, J.C., Leuenberger, C., Swarzenbach, R.P. (1985) Influence of pH and ionic strength on the aqueous-nonaqueous distribution
of chlorinated phenols. Environ. Sci. Technol. 19, 193–198.

Westcott, J.W., Bidleman, T.F. (1981) Determination of polychlorinated biphenyl vapor pressures by capillary gas chromatography.
J. Chromatogr. 210, 331–336.

Westcott, J.W., Simon, C.G., Bidleman, T.F. (1981) Determination of polychlorinated biphenyl vapor pressures by a semimicro gas
saturation method. Environ. Sci. Technol. 15, 1375–1378.

Wheatley, G.A., Hardman, J.A. (1968) Organochlorine insecticide residues in earthworms from arable soils. J. Sci. Food Chem. Agric.
19, 219–225.

Whiting, F.M., Brown, W.H., Stull, J.W. (1973) Pesticide residues in milk and in tissues following long, low 2,2-bis(p-chlorophenyl)-
1,1,1-trichloroethane intake. J. Dairy Sci. 56, 1324.

Wilcock, R.J., Smith, T.J., Pridmore, R.D., Thrush, S.F., Cummings, V.J., Hewitt, J.E. (1993) Bioaccumulation and elimination of
chlordane by selected intertidal benthic fauna. Environ. Toxicol. Chem. 12, 733–742. 

Williams, E.F. (1951) Properties of O,O-diethyl O-p-nitrophenyl thiophosphate and O,O-diethyl O-p-nitrophenyl phosphate. Ind Eng.
Chem. 43, 950–954.

Williams, P.P. (1977) Metabolism of synthetic organic pesticides by anaerobic microorganisms. Res. Rev. 66, 63.
Willis, G.H., Hamilton, R.A. (1973) Agricultural chemicals in surface runoff, ground water, and soil: 1. Emdrin. J. Environ. Qual.

2, 463.
Willis, G.H., McDowell, L.L. (1982) Pesticides in agricultural runoff and their effects on downstream water quality. Environ. Toxicol.

Chem. 1, 267–279.
Willis, G.H., McDowell, L.L. (1987) Pesticide persistence on foliage. Rev. Environ. Contam. Toxicol. 100, 23–73.
Willis, G.H., McDowell, L.L., Smith, S., Southwick, L.M., Lemon, E.R. (1980) Toxaphene volatilization from a mature cotton canopy.

Agron. J. 72, 627.
Willis, G.H., Parr, J.F., Smith, S. (1971) Volatilization of soil-applied DDT and DDD from flooded and nonflooded plots. Pest. Monit.

J. 4, 204.
Wilson, A.J. (1963) Chemical assays. In: Annual Report of the Bureau of Commercial Fisheries, U.S. Bureau of Commercial Fisheries

Circ. #247. Biology Lab., Gulf Breeze, Florida.
Wilson, K.A., Cook, R.M. (1972) Metabolism of xenobiotics in remnants. IV. Storage and excretion of HEOD in Holstein cows. J. Agric.

Food Chem. 20, 391–394.
Windholz, M., Editor (1983) The Merck Index. An Encyclopedia of Chemicals, Drugs and Biologicals. 11th Edition, Merck and Co.,

Rahway, New Jersey.
Winer, A.M., Atkinson, R. (1990) Chapter 9, Atmospheric reaction pathways and lifetimes for organophosphorous compounds. In:

Long Range Transport of Pesticides. Kurtz, D.A., Ed., Lewis Publ., Ann Arbor, MI.
Winget, P., Cramer, C.J., Truhlar, D.G. (2000) Prediction of soil sorption coefficients using a universal solvation model. Environ. Sci.

Technol. 34, 4733–4740.
Wolfdietrich, E., Editor (1965) Handbuch der Insektizidkunde. Veb Verlag Volk und Gesundheit, Berlin.
Wolfe, N.L. (1980) Organophosphate and organophosphorothionate esters: Application of linear free energy relationships to estimate

hydrolysis rate constants for use in environmental fate assessment. Chemosphere 9, 571–579.
Wolfe, N.L., Kitchens, B.E., Macalady, D.L., Grundl, T.J. (1986) Physical and chemical factors that influence the anaerobic degradation

of methyl parathion in sediment systems. Environ. Toxicol. Chem. 5, 1019–1026.
Wolfe, N.L., Zepp, R.G., Gordon, T.A., Baughman, G.L., Cline, D.M. (1977) Kinetics of chemical degradation of malathion in water.

Environ. Sci. Technol. 11, 88–93.
Wolfe, N.L., Zepp, R.G., Paris, D.F. (1978) Carbaryl, propham, and chloropropham: A comparison of the rates of hydrolysis and

photolysis with the rate of biolysis. Water Res. 12, 565.
Wolfe, N.L., Zepp, R.G., Paris, D.F. (1978) Use of structure-reactivity relationships to estimate hydrolytic persistence of carbamate

pesticides. Water Res. 12, 561–563.
Wolfe, N.L., Zepp, R.G., Paris, D.F., Baughman, G.L., Hollis, R.C. (1977) Methoxychlor and DDT degradation in water: Rates and

products. Environ. Sci. Technol. 11, 1077–1081.
Wolfe, N.L., Zepp, R.G., Baughman, G.L., Fincher, R.C., Gordon, T.A. (1976) Chemical and Photochemical Transformation of

Selected Pesticides in Aquatic Environments. EPA-600/3–76–067. US EPA, Athens, GA.
Wollerton, C., Husband, R. (1988) Water Solubility, Vapour Pressure, octanol-Water Partition Coefficient and Henry’s Law Constant;

Zeneca Report Series RJ06998 pp. 321; Blacknell: Berkshire, UK.
Wong, A.S., Crosby, D.B. (1978) Photolysis of pentachlorophenol in water. In: Pentachlorophenol: Chemistry, Pharmacology, and

Environmental Toxicology. Rao, K.R., Editor, pp. 19–25, Plenum Press, New York. 
Wong, A.S., Crosby, D.B. (1981) Photodecomposition of pentachlorophenol in water. J. Agric. Food Chem. 29, 125–130. 
Woolford, M.H., Jr. (1975) American Cyanamid Co. Letter to W.F. Spencer, Sept. 3, 1975.
Worthing, C.R., Editor (1979) The Pesticide Manual (A World Compendium). 6th edition. The British Crop Protection Council,

Suffolk, England.
Worthing, C.R., Walker, S.B., Editors (1983) The Pesticide Manual (A World Compendium). 7th edition, The British Crop Protection

Council, Croydon, England. 

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC



4022 Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals

Worthing, C.R., Walker, S.B., Editors (1987) The Pesticide Manual (A World Compendium). 8th edition, The British Crop Protection
Council, Croydon, England. 

Worthing, C.R., Hance, R. Editors (1991) The Pesticide Manual (A World Compendium). 9th edition, The British Crop Protection
Council, Surrey, England. 

Wszolek, P.C., Lein, D.H., Lisk, D.J. (1980) Excretion of fenvalerate insecticide in the milk of dairy cows. Bull. Environ. Contam.
Toxicol. 24, 296.

Xiao, Hang, Li, N., Wania, F. (2004) Compilation, evaluation, and selection of physical-chemical property data for α-, β-, and
γ-hexachlorocyclohexane. J. Chem. Eng. Data 49, 173–185.

Xie, T.M. (1983) Determination of trace amounts of chlorophenols and chloroguaiacols in sediment. Chemosphere 12, 1183–1191.
Xie, T.M., Abrahamsson, K., Fogelqvist, E., Josefsson, B. (1986) Distribution of chlorophenols in a marine environment. Environ.

Sci. Technol. 20, 457–463.
Xie, T.M., Dyrssen, D. (1984) Simultaneous determination of partition coefficients and acidity constants of chlorinated phenols and

guaiacols by gas chromatography. Anal. Chem. Acta 160, 21–30.
Xu, F., Liang, X.-M., Su, F., Zhang, Z., Lin, B.-C., Wu, W.-Z., Yediler, A., Kettrup, A. (1999) A column method for determination

of soil organic partition coefficients of eight pesticides. Chemosphere 39, 787–794.
Yalkowsky, S.H., Banerjee, S. (1992) Aqueous Solubility. Methods of Estimation for Organic Compounds. Marcel Dekker, New York.
Yao, C.C.D., Haag, W.R. (1991) Rate constants for direct reactions of ozone with several drinking water contaminants. Water Res.

25, 761–773.
Yaron, B., Heuer, B., Birk, Y. (1974) Kinetics of azinphosmethyl losses in the soil environment. J. Agric. Food Chem. 22(3), 439–441.
Yin, C., Hassett, J.P. (1986) Gas partition approach for laboratory and field studies of mirex fugacity in water. Environ. Sci. Technol.

20, 1213–1217.
Yoshida, K., Shigeoka, T., Yamauchi, F. (1983) Non-steady state equilibrium model for the preliminary prediction of the fate of

chemicals in the environment. Ecotoxicol. Environ. Saf. 7, 179–190.
Yoshida, K., Shigeoka, T., Yamauchi, F. (1983) Relationship between mole fraction and n-octanol/water partition coefficient.

Ecotoxicol. Environ. Saf. 7, 558–565.
Yoshioka, Y., Mizuno, T., Ose, Y., Sato, T. (1986) The estimation for toxicity of chemicals on fish by physico-chemical properties.

Chemosphere 15, 195–203.
Zamy, C., Mazellier, P., Legube, B. (2004) Phototransformation of selected organophosphorus pesticides in dilute aqueous solutions.

Water Res. 38, 2305–2314.
Zaroogian, G.E., Hertshe, J.F., Johnson, M. (1985) Estimation of bioconcentration in marine species using structure-activity models.

Environ. Toxicol. Chem. 4, 3–12.
Zepp, R.G., Baughman, G.L. (1978) Prediction of photochemical transformation of pollutants in the aquatic environment. In: Aquatic

Pollutants: Transformation and Biological Effects. Hutzinger, O., Van Lelyveld, I.H., Zoeteman, B.C.J., Editors, pp. 237–164,
Pergamon Press, Oxford, England. 

Zepp, R.G., Baughman, G.L., Schlotzhauer, P.F. (1981) Comparison of photochemical behavior of various humic substances in water:
I. Sunlight induced reactions of aquatic pollutants photosensitized by humic substances. Chemosphere 10, 109–117.

Zepp, R.G., Schlotzhauer, P F. (1983) Influence of algae on photolysis rates of chemicals in water. Environ. Sci. Technol. 17, 462–468.
Zepp, R.G., Wolfe, N.L., Gordon, J.A., Fincher, R.C. (1976) Light-induced transformation of methoxychlor in aquatic systems.

J. Agric. Food Chem. 24, 727–733.
Zimmerli, B., Marek, B. (1974) Modellversuche zur kontamination von lebensmitteln mit pestiziden via gasphase. Mitt Gebiete

Lebensm Hyg. 65, 55–64.
Zitko, V., McLeese, D.W. (1980) Canadian Technical Report, Fish Aquatic Science No. 985, Dec. 1980.
Zoeteman, B.C.J., de Greef, E., Brinkmann, F.J.J. (1981) Persistency of organic contaminants in ground water. Lessons learned from

soil pollution incidents in the Netherlands. Sci. Total Environ. 21, 187–202.
Zoeteman, B.C.J., Harmsen, K., Linders, J.B.H.J., Morra, C.F.H., Slooff, W. (1980) Persistent organic pollutants in river water and

ground water of the Netherlands. Chemosphere 9, 231–249.

© 2006 by Taylor & Francis Group, LLC

© 2006 by Taylor & Francis Group, LLC


	Table of Contents
	Chapter 18: Insecticides
	CONTENTS
	18.1 LIST OF CHEMICALS AND DATA COMPILATIONS
	18.1.1 INSECTICIDES
	18.1.1.1 Acephate
	18.1.1.2 Aldicarb
	18.1.1.3 Aldrin
	18.1.1.4 Aminocarb
	18.1.1.5 Azinphos-methyl
	18.1.1.6 Bendiocarb
	18.1.1.7 Bromophos
	18.1.1.8 Bromophos-ethyl
	18.1.1.9 Carbaryl
	18.1.1.10 Carbofuran
	18.1.1.11 Carbophenothion
	18.1.1.12 Carbosulfan
	18.1.1.13 Chlordane
	18.1.1.14 Chlorfenvinphos
	18.1.1.15 Chlorpyrifos
	18.1.1.16 Chlorpyrifos-methyl
	18.1.1.17 Crotoxyphos
	18.1.1.18 Cyhalothrin
	18.1.1.19 Lambda-cyhalothrin
	18.1.1.20 Cypermethrin
	18.1.1.21 DDD
	18.1.1.22 DDE
	18.1.1.23 DDT
	18.1.1.24 Deltamethrin
	18.1.1.25 Demeton
	18.1.1.26 Dialifor
	18.1.1.27 Diazinon
	18.1.1.28 Dichlorvos
	18.1.1.29 Dicrotophos
	18.1.1.30 Dieldrin
	18.1.1.31 Diflubenzuron
	18.1.1.32 Dimethoate
	18.1.1.33 Disulfoton
	18.1.1.34 Endosulfan
	18.1.1.35 Endrin
	18.1.1.36 Ethiofencarb
	18.1.1.37 Ethion
	18.1.1.38 Ethoprop
	18.1.1.39 Fenitrothion
	18.1.1.40 Fenoxycarb
	18.1.1.41 Fenpropathrin
	18.1.1.42 Fensulfothion
	18.1.1.43 Fenthion
	18.1.1.44 Fenvalerate
	18.1.1.45 Flucythrinate
	18.1.1.46 Fonofos
	18.1.1.47 alpha-HCH
	18.1.1.48 beta-HCH
	18.1.1.49 delta-HCH
	18.1.1.50 Heptachlor
	18.1.1.51 Heptachlor epoxide
	18.1.1.52 Kepone
	18.1.1.53 Leptophos
	18.1.1.54 Lindane (gamma-HCH)
	18.1.1.55 Malathion
	18.1.1.56 Methiocarb
	18.1.1.57 Methomyl
	18.1.1.58 Methoxychlor
	18.1.1.59 Mevinphos
	18.1.1.60 Mirex
	18.1.1.61 Monocrotophos
	18.1.1.62 Naled
	18.1.1.63 Oxamyl
	18.1.1.64 Parathion
	18.1.1.65 Parathion-methyl
	18.1.1.66 Pentachlorophenol
	18.1.1.67 Permethrin
	18.1.1.68 Phenthoate
	18.1.1.69 Phorate
	18.1.1.70 Phosmet
	18.1.1.71 Pirimicarb
	18.1.1.72 Propoxur
	18.1.1.73 Ronnel
	18.1.1.74 Terbufos
	18.1.1.75 Thiodicarb
	18.1.1.76 Toxaphene
	18.1.1.77 Trichlorfon


	18.2 SUMMARY TABLES
	18.3 REFERENCES

	Appendix 1
	Appendix 2
	Appendix 3

