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5.7 Clethodim (187)  

TOXICOLOGY 

Clethodim is the ISO-approved common name for (5RS)-2-{(1EZ)-1-[(2E)-3-
chloroallyloxyimino]propyl}-5-[(2RS)-2-(ethylthio)propyl]-3-hydroxycyclohex-2-en-1-one (IUPAC), 
with the CAS number 99129-21-2. Clethodim is a selective cyclohexanedione herbicide and exhibits 
its pesticidal activity in plants by inhibiting acetyl coenzyme A carboxylase, an enzyme common to the 
pathways of fatty acid biosynthesis. 

Clethodim was evaluated by JMPR in 1994 and 1999. An ADI of 0–0.01 mg/kg bw was 
established in 1994 on the basis of a NOAEL of 1 mg/kg bw per day in a one-year study in dogs and 
the establishment of an acute reference dose was considered unnecessary. In 1999 the toxicological 
monograph prepared in 1994 was reviewed and the previous conclusions were reaffirmed. 

Clethodim was evaluated by the present Meeting within the periodic review program of CCPR. 
The present Meeting reviewed all previous studies, and new data comprising neurotoxicity (acute and 
short-term), immunotoxicity studies, and studies on metabolites (acute oral, repeated dose and 
genotoxicity) are included in the monograph currently in preparation. 

All studies were conducted to internationally recognized guidelines, generally OECD, and 
GLP, or were otherwise quality audited, except where indicated. A literature search did not identify any 
further useful toxicological information for the current assessment. 

Biochemical aspects 

Male and female rats were given single oral doses of [propyl-1-14C]-clethodim at 4.4 or 468 mg/kg bw, 
or unlabelled test material at 4.5 mg/kg bw per day for 14 consecutive days before treatment with a 
single radiolabelled dose of 4.8 mg/kg bw. Oral absorption was 88–95% based on urine, tissue, expired 
CO2, cage wash and residual carcass. Seven days after treatment, the total amount of radiolabel 
recovered from organs and tissues was less than 1% of the administered dose. Elimination was rapid, 
with 94–98% of the administered dose excreted by 48 hours after administration. The principal route of 
excretion was the urine (87–93%), and a smaller percentage of the radioactivity (9–17%) was eliminated 
in the faeces. The amount of radioactivity excreted in expired air as carbon dioxide represented 0.5–1% 
of the administered dose. Although the elimination patterns were similar in all groups, the rate of 
elimination was somewhat faster in animals that were administered the single low dose of 4.4 mg/kg bw 
(84% eliminated within 24 hours) than in those given the single high dose of 468 mg/kg bw (53% within 
24 hours), suggesting the tendency to saturation. No sex differences in elimination rate were seen in 
animals administered repeated low doses of clethodim. There were no significant dose-related or sex-
specific differences in tissue distribution, when expressed as a proportion of the dose administered, and 
there was no evidence of bioaccumulation. 

Clethodim was extensively metabolized in all dosed groups. Unchanged parent was detected in 
urine of females (0.4% of the administered dose) of the high-dose group only, in faeces of females and 
males of the low-dose and high-dose groups (0.3–1% of the administered dose). The primary routes of 
metabolism were by oxidation and subsequent hydroxylation or demethylation with subsequent 
oxidation. The major metabolite in excreta was clethodim sulfoxide, which accounted for 46–61% and 
2–5% of the administered dose in urine and faeces, respectively. S-methyl sulfoxide, accounted for 6–
11% and 0.4–1% of the administered dose in urine and faeces, respectively. Imine sulfoxide was 6–9% 
of the administered dose in urine, and 1–2% in faeces, in females and males. Other identified 
compounds (≤ 5% of the administered dose), in urine and faeces of females and males were 5-
OH sulfoxide (3–5%), oxazole sulfoxide (2–3%), trione sulfoxide (ca 1%), 5-OH sulfone (0.3–1%), 
clethodim sulfone (0.1–1%), aromatic sulfone (0.2–0.7%) and S-methyl sulfone (0.0–0.4%). No 
significant differences were noted in the pattern of metabolites between sexes and dose regimes. 

Toxicological data 

In rats, the acute oral LD50 was 1133 mg/kg bw. In mice the acute oral LD50 was 1688 mg/kg bw, and 
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the acute LC50 was greater than 3.25 mg/L. In rabbits, the acute dermal LD50 was greater than 
4167 mg/kg bw. Clethodim was mildly irritating to eyes and skin, and was a skin sensitizer to the skin 
of guinea pigs. 

The short-term toxicity of clethodim was tested in mice, rats and dogs, and the long-term 
toxicity and carcinogenicity was tested in mice and rats. In rodent short-term studies critical effects 
were observed on the liver (increased liver weight, hepatocyte hypertrophy and focal coagulative 
necrosis) and body weights. In dogs, toxicity effects on liver consisted of organ weight changes, 
associated with biochemical and histopathological changes. Sternum marrow hyperplasia and pigment 
in spleen were also observed in dogs. 

In a 28-day study in mice in which clethodim was administered at dietary concentrations of 0, 
100, 250, 625, 1500 and 4000 ppm (equivalent to 0, 11.9, 29.7, 74.4, 179 and 476 mg/kg bw per day), 
the NOAEL was 1500 ppm (equivalent to 179 mg/kg bw/day) based on increased liver weights, 
increased liver hypertrophy in both sexes and increased liver focal coagulative necrosis in males at the 
4000 ppm (equivalent to 476 mg/kg bw per day) dose level. 

In a 35-day study in rats in which clethodim was administered at dietary concentrations of 0, 5, 
200, 1000, 4000 and 8000 ppm (equal to 0, 0.26, 12.5, 65.6. 216 and 515 mg/kg bw per day for 
males,   0, 0.29, 13.9, 70.6, 291 and 554 mg/kg bw per day for females), the NOAEL was 1000 ppm 
(equal to 65.6 mg/kg bw per day) based on decreased body weights and food consumption in both sexes 
at 4000 ppm (equal to 216 mg/kg bw per day). 

In a 90-day study in rats in which clethodim was administered at dietary concentrations of 0, 
50, 500, 2500 and 5000 ppm (equal to 0, 2.3, 25, 134 and 279 mg/kg bw per day for males,  0, 2.8, 30, 
159 and 341 mg/kg bw per day for females), the NOAEL was 500 ppm (equal to 25 mg/kg bw per day) 
based on changes in body weight in males at 2500 ppm (equal to 134 mg/kg bw per day). 

In a 90-day study in beagle dogs in which clethodim was administered by gelatine capsules at 
dose levels of 0, 1, 25, 75 and 125 mg/kg bw per day (equal to 0, 0.83, 21, 62 and 104 mg/kg bw per 
day after correction for purity), the NOAEL was 62 mg/kg bw per day based on elevated liver weights 
and liver histopathology lesions (centrilobular vacuoles) in both sexes, and increased serum cholesterol 
and alkaline phosphatase at 104 mg/kg bw per day. 

In a one-year study in beagle dogs in which clethodim was administered by capsule at dose 
levels of 0, 1, 75 and 300 mg/kg bw per day (equal to 0, 0.83, 62 and 250 mg/kg bw per day after 
correction for purity), the NOAEL was 62 mg/kg bw per day, based on increased platelets, increased 
liver weights and associated increase of biochemical parameters (alkaline phosphatase and cholesterol) 
and histopathological effects (hypertrophy and pigment), hyperplasia in sternum marrow and pigments 
in the spleen in both sexes at 250 mg/kg bw per day. 

In an 18-month toxicity and carcinogenicity study in mice, clethodim was administered at 
dietary concentrations of 0, 20, 200, 1000 and 3000 ppm (equivalent to 0, 2.4, 24, 119 and 
238 mg/kg bw per day until week 15, the highest dose increasing thereafter to 357 mg/kg bw per day, 
after correction for purity), the systemic NOAEL was 200 ppm equivalent 24 mg/kg bw per day based 
on hepatic changes, notably centrilobular hypertrophy, increased pigmentation and bile duct 
hyperplasia, and an increased incidence of alveolar macrophages in the lungs of mice given 1000 ppm 
(equivalent to 119 mg/kg bw per day). No evidence for a carcinogenic potential in mice was observed 
with clethodim. 

In a two-year toxicity and carcinogenicity study in rats, when clethodim was administered at 
dietary concentrations of 0, 5, 20, 500 and 2500 ppm (equal to 0, 0.15, 0.57, 16 and 86 mg/kg bw per 
day for males,  0, 0.20, 0.72, 21 and 113 mg/kg bw per day for females), the NOAEL for systemic 
toxicity was 500 ppm (equal to 16 mg/kg bw per day), based on decreased body weight gain, decreased 
food intake in both sexes, increased mortality in males and increased chronic pancreatitis in females at 
2500 ppm (equal to 86 mg/kg bw per day). The NOAEL for carcinogenicity was 500 ppm (equal to 
21 mg/kg bw per day), based on increased incidence of benign granulosa cell tumours in the ovary 
(2/63) at 2500 ppm (equal to 113 mg/kg bw per day). 
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The Meeting concluded that clethodim is carcinogenic in female rats, but not in mice or male 
rats. 

Clethodim was tested for genotoxicity in an adequate range of in vitro and in vivo assays. No 
evidence of genotoxicity was found. 

The Meeting concluded that clethodim is unlikely to be genotoxic. 

In view of the lack of genotoxicity, and the fact that tumours were observed only at doses 
unlikely to occur in humans, by a mechanism that would exhibit a threshold, the Meeting concluded 
that clethodim is unlikely to pose a carcinogenic risk to humans due to exposure in the diet. 

In a two-generation reproductive toxicity study in which rats were given clethodim at a dietary 
concentration of 0, 5, 20, 500 and 2500 ppm (equal to 0, 0.5, 1.2, 32.2 and 163 mg/kg bw per day for 
males,  0, 0.5, 1.5, 37.4 and 181 mg/kg bw per day for females, after correction for purity), the NOAEL 
for parental toxicity was 500 ppm (equal to 32.2 mg/kg bw per day), based on body weight changes and 
reduced food consumption in F0 and F1 generations at 2500 ppm (equal to 163 mg/kg bw per day). The 
NOAEL offspring toxicity was 2500 ppm (equal to 163 mg/kg bw per day). The NOAEL for 
reproductive toxicity was 2500 ppm (equal to 163 mg/kg bw per day). 

In a developmental toxicity study in rats given clethodim by gavage at doses of 0, 10, 100, 300 
and 700 mg/kg bw per day (equal to 0, 8.3, 83.3, 292 and 583 mg/kg bw per day, after correction for 
purity) the NOAEL for maternal toxicity was 83.3 mg/kg bw per day based on a reduction in body 
weight gain, reduced food consumption and clinical signs (excessive salivation, red/mucoid nasal 
discharged, alopecia, staining ano-genital area) at 292 mg/kg bw per day. The NOAEL for embryo/fetal 
toxicity was 83.3 mg/kg bw per day, based decreased fetal weight and delayed ossification at 
292 mg/kg bw per day. 

In a developmental toxicity study in rabbits given clethodim by gavage at 0, 25, 100 and 
300 mg/kg bw per day (equal to 0, 20.8, 83.3 and 250 mg/kg bw per day after correction for purity), the 
NOAEL for maternal toxicity was 20.8 mg/kg bw per day, based on increased clinical signs (red 
substance in pan, dried faeces), decrease body weights and food consumption. The NOAEL for embryo 
and fetal toxicity was 250 mg/kg bw per day. 

The Meeting concluded that clethodim is not teratogenic. 

In an acute neurotoxicity study, clethodim was given to rats by gavage at a dose of 0, 10, 100 
and 1000 mg/kg bw. The NOAEL for systemic toxicity was 100 mg/kg bw, based on transient 
decreased locomotor activity (total and/or ambulatory counts) at 1000 mg/kg bw. The NOAEL for 
neurotoxicity was 1000 mg/kg bw, the highest dose tested. 

In a 90-day neurotoxicity study in rats given clethodim at a dietary concentration of 0, 500, 
1500 and 5000 ppm (equal to 0, 31, 94 and 331 mg/kg bw per day for males,  0, 38, 115 and 
380 mg/kg bw per day for females), the NOAEL for systemic toxicity was 1500 ppm (equal to 
94 mg/kg bw per day) based on the treatment-related reductions in mean body weights, and food 
consumption in both sexes at 5000 ppm (equal to 331 mg/kg bw per day). The NOAEL for 
neurotoxicity was 5000 ppm (equal to 331 mg/kg bw per day), the highest dose tested. 

The Meeting concluded that clethodim is not neurotoxic. 

In a 28-day immunotoxicity study in female mice given clethodim at a dietary concentration of 
0, 400, 2000 and 4000 ppm (equal to 0, 136, 603 and 1312 mg/kg bw per day), the NOAEL for 
immunotoxicity was 4000 ppm (equal to 1312 mg/kg bw per day), the highest dose tested. 

The Meeting concluded that clethodim is not immunotoxic. 

In a mechanistic study to investigate liver microsomal cytochrome P450 induction, groups of 
eight male rats were given clethodim (purity 83.8%) by gavage at 0 or 250 mg/kg bw per day for 21 
consecutive days. Results indicated that microsomal cytochrome P450 was not increased, indicating 
that the increased liver weight was not due to cytochrome P450 induction. 
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Toxicological data on metabolites and/or degradates 

Metabolite Clethodim imine sulfone (RE-47719) 

Clethodim imine sulfone (5-(2-(ethylsulfinyl)propyl)-3-hydroxy-2-(1-iminopropyl) cyclohex-2-en-1-
one) is a metabolite found in the leaves of soya bean, carrot and cotton, in rotational crops, and in goats. 

The acute oral LD50 of clethodim imine sulfone in rats was greater than 1400 mg/kg bw. 

In a 35-day toxicity study in rats in which clethodim imine sulfone was administered at dietary 
concentrations of 0, 100, 1000 and 8000 ppm (equal to 0, 6.6, 70.9 and 604 mg/kg bw per day for 
males,  0, 7.8, 83.7 and 723 mg/kg bw per day for females), the NOAEL was 1000 ppm (equal to 
70.9 mg/kg bw per day) based on increased reticulocytes, liver weights and higher serum cholesterol 
levels at 8000 ppm (equal to 604 mg/kg bw per day). 

In a screening developmental toxicity study in which clethodim imine sulfone was administered 
to rats by gavage at dose levels of 0, 10, 100 and 700 mg/kg bw per day, the NOAEL for maternal 
toxicity was 10 mg/kg bw per day, based on reduction in body weight gain at 100 mg/kg bw per day. 
The NOAEL for embryo and fetal toxicity was 100 mg/kg bw per day, based on reduced fetal weight 
and increased incidence of skeletal findings (increase in cervical ribs and decrease of sternebrae 
ossification sites) at 700 mg/kg bw per day. 

Clethodim imine sulfone was tested in a gene mutation assay in bacteria and an in vitro 
chromosomal aberration test. There was no evidence of genotoxicity. 

The Meeting concluded that clethodim imine sulfone is of similar toxicity to clethodim, 
therefore is considered to be covered by the parent compound. 

Metabolite clethodim imine sulfoxide  

Clethodim imine sulfoxide (5-(2-(ethylsulfinyl)propyl)-3-hydroxy-2-(1-iminopropyl) cyclohex-2-en-1-
one) is a metabolite in rats (up to 9% in urine), plants (soya bean, carrot, cotton leaves, rotational crops) 
and animals (goat). 

No specific toxicological data are available, but the Meeting noted that clethodim 
imine sulfoxide has a similar structure to clethodim imine sulfone, and concluded that clethodim 
imine sulfoxide is of no greater toxicity than clethodim, therefore is considered to be covered by the 
parent compound. 

Metabolite clethodim 5-OH sulfone (RE-51228) 

Clethodim 5-OH sulfone, (2-((E)-1-((((E)-3-chloroallyl)oxy)imino)propyl)-5-(2-(ethylsulfonyl) 
propyl)-3,5-dihydroxycyclohex-2-en-1-one) is a metabolite in soya beans (seeds), carrots (roots), and 
also a minor rat metabolite (1% in urine). 

The acute oral LD50 of metabolite clethodim 5-OH sulfone in rats was greater than 
1400 mg/kg bw. 

In a 35-day toxicity study in rats in which clethodim 5-OH sulfone was administered at a dietary 
concentration of 0, 100, 1000 and 8000 ppm (equal to 0, 5.94, 67.7 and 588 mg/kg bw per day for 
males,  0, 6.43, 75.5 and 663 mg/kg bw per day for females), the NOAEL was 8000 ppm (equal to 
588 mg/kg bw per day), the highest dose tested. 

In a screening developmental toxicity study in rats in which clethodim 5-OH sulfone by gavage 
at dose levels of 0, 10, 100 and 700 mg/kg bw per day, the NOAEL for maternal toxicity was 
100 mg/kg bw per day, based on clinical signs at 700 mg/kg bw per day. The NOAEL for embryo and 
fetal toxicity was 700 mg/kg bw per day, the highest dose tested. 

Metabolite clethodim 5-OH sulfone was tested in a gene mutation assay in bacteria and an in 
vitro chromosomal aberration test. There was no evidence of genotoxicity. 
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The Meeting concluded that clethodim 5-OH sulfone is of lower toxicity than clethodim, and it 
would be covered by the parent compound.  

Metabolite clethodim sulfone (RE-47253), free and conjugated 

Clethodim sulfone (2-((E)-1-((((E)-3-chloroallyl)oxy)imino)propyl)-5-(2-(ethylsulfonyl) propyl)-3- 
hydroxycyclohex-2-en-1-one) is a metabolite in rats (≤ 1% in urine), spinach, carrot (outdoor, roots & 
leaves), soil, goats and hens. The conjugate form is a plant (soya bean) metabolite. The submitted studies 
were performed with the free form of the metabolite only. 

Clethodim sulfone was tested for genotoxicity in an adequate range of in vitro and in vivo 
assays. Positive or equivocal results were observed in gene mutation assays in bacteria or mammalian 
cells and in an in vitro chromosomal aberration assay. However, negative results were observed with 
the same genotoxicity assays, using a purer batch of clethodim sulfone. Equivocal results were observed 
in an in vivo micronucleus test. 

The Meeting concluded that a TTC approach for genotoxicity could be applied to 
clethodim sulfone. 

Metabolite clethodim oxazole sulfone (RE-47797) 

Clethodim oxazole sulfone (2-ethyl-6-(2-(ethylsulfonyl)propyl)-6,7-dihydrobenzo[d]oxazol-4(5H)-
one) is a soil and rotational crop metabolite. 

Clethodim oxazole sulfone was tested for genotoxicity in an adequate range of in vitro and in 
vivo assays. Negative results were obtained in gene mutation assays in bacteria and mammalian cells. 
Positive results were obtained in an in vitro chromosomal aberration assay. Negative results were 
obtained in an in vivo micronucleus test. 

For chronic toxicity of clethodim oxazole sulfone, the Meeting concluded that a TTC approach 
could be applied using Cramer class III. 

Metabolite clethodim oxazole sulfoxide  

Clethodim oxazole sulfoxide (2-ethyl-6-(2-(ethylsulfinyl)propyl)-6,7-dihydrobenzo[d]oxazol-4(5H)-
one) is minor rat (≤ 3% in urine), soil and rotational crop metabolite.  

No specific toxicological data are available, but the Meeting concluded that 
clethodim oxazole sulfoxide has a similar structure to clethodim oxazole sulfone. Therefore, for chronic 
toxicity, the Meeting concluded that a TTC approach could be applied using Cramer class III. 

Metabolite DME sulfoxide acid (M17R) 

Metabolite DME sulfoxide acid (3-[(2-ethylsulfinyl) propyl]-pentanedioic acid) is a crop metabolite 
found in spinach, carrot roots and foliage. 

The acute oral LD50 of metabolite DME sulfoxide acid in rats was greater than 5000 mg/kg bw. 

In a 28-day toxicity study in rats in which DME sulfoxide acid was administered at a dietary 
concentration of 0, 200, 1000 and 5000 ppm (equal to 0, 15, 80 and 396 mg/kg bw per day for males,  0, 
16, 78, and 407 mg/kg bw per day for females), the NOAEL was 1000 ppm (equal to 80 mg/kg bw per 
day), based on thymus and adrenal weight changes in males at 5000 ppm (equal to 396 mg/kg bw per 
day). 

Metabolite DME sulfoxide acid was tested in a gene mutation assay in bacteria and an in vitro 
chromosomal aberration test. There was no evidence of genotoxicity. 

The Meeting concluded that metabolite DME sulfoxide acid is of no greater toxicity than 
clethodim, and is therefore considered to be covered by the parent compound. 
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Metabolite DME sulfone acid (M18R) 

DME sulfone acid (3-[(2-ethylsulfonyl) propyl]-pentanedioic acid) is a metabolite of crops (spinach, 
carrot roots and foliage). 

The acute oral LD50 of metabolite DME sulfone acid in rats was greater than 5000 mg/kg bw. 

DME sulfone acid was tested in a gene mutation assay in bacteria. There was no evidence of 
mutagenicity. 

The Meeting noted that metabolite DME sulfone acid (M18R) has a similar structure to 
metabolite DME sulfoxide acid (M17R), which is of no greater toxicity than clethodim, and concluded 
that metabolite DME sulfone acid (M18R) would be covered by the parent compound.  

Metabolite M15R 

Metabolite M15R (hydroxy-3-[(2-ethylsulfinyl)propyl]-pentanedioic acid) is a plant metabolite 
(spinach, outdoor carrot roots). 

No specific toxicological data are available, but the Meeting concluded that metabolite M15R 
has a similar structure to metabolite DME sulfoxide acid (M17R) and metabolite 
DME sulfone acid (M18R).  

The Meeting concluded that metabolite M15R would be covered by the parent compound. 

Metabolite clethodim sulfoxide (free and conjugated) 

Clethodim sulfoxide (2-((E)-1-((((E)-3-chloroallyl)oxy)imino)propyl)-5-(2-(ethylsulfinyl) propyl)- 
3-hydroxycyclohex-2-en-1-one) is a major rat metabolite (up to 60% in urine), and a metabolite in plants 
(spinach, soya bean seeds, carrot roots and leaves, cotton seeds), soil and other animals (goat, hen).  

No specific toxicological data are available, but the Meeting concluded that 
clethodim sulfoxide (free and conjugate) would be covered by toxicological studies on the parent. 

Metabolite M19R 

M19R (3-hydroxy-5-(2-hydroxypropyl)-2-(1-iminopropyl)cyclohex-2-en-1-one glucose conjugate) is a 
plant metabolite (carrots leaves). 

No specific toxicological data are available. The Meeting concluded that a TTC approach for 
genotoxicity could be applied. 

Metabolite M15A 

M15A (3-chloroallyl alcohol glucoside) is a plant metabolite (spinach). No specific toxicological data 
are available. The Meeting noted that repeated-dose and in vitro and in vivo genotoxicity studies were 
available to another international authority, which had concluded that metabolite M15A appears to be 
more toxic than clethodim after repeated oral doses, and that no conclusion could be drawn as to its 
genotoxicity potential.  

The Meeting concluded that a TTC approach for genotoxicity could be applied. 

Metabolite S-methyl sulfoxide 

Metabolite S-methyl sulfoxide (2-((E)-1-((((E)-3-chloroallyl)oxy)imino)propyl)-3-hydroxy-5-(2-
(methylsulfinyl)propyl)cyclohex-2-en-1-one) is a metabolite in rats (up to 11% in urine), rotational 
crops, and animals (goat). 

No specific toxicological data are available, but the Meeting concluded that S-methyl sulfoxide 
would be covered by toxicological studies on the parent.  
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Human data 

No information was provided on the health of workers involved in the manufacture or use of clethodim. 
No information on accidental or intentional poisoning in humans was available. 

The Meeting concluded that the existing database on clethodim was adequate to characterize 
the potential hazards to the general population, including fetuses, infants and children. 

Toxicological evaluation 

The Meeting established an ADI for clethodim of 0–0.2 mg/kg bw, based on a NOAEL of 16 mg/kg bw 
per day on the basis of decreased body weight gain, decreased food intake in both sexes, marginally 
increased mortality in males and increased chronic pancreatitis in females, and using a safety factor of 
100. The upper bound of this ADI provides a margin of about 565 times relative to the LOAEL for 
increased incidence of benign granulosa cell tumours in the ovary (2/63) of rats at the highest dose. 

The Meeting concluded that it was not necessary to establish an ARfD for clethodim in view 
of its low acute oral toxicity and the absence of developmental toxicity or any other toxicological effects 
likely to be elicited by a single dose. 

A toxicological monograph was prepared. 

Levels relevant to risk assessment of clethodim  

Species Study Effect NOAEL LOAEL 

Mouse Four-week 
toxicitya study 

Toxicity  1500 ppm, equal to 
179 mg/kg bw per day 

4000 ppm, equal to 
476 mg/kg bw per day 

18-months 
carcinogenicitya 

study 

Toxicity 200 ppm, equivalent to 
24 mg/kg bw per day 

1000 ppm, equivalent 
to 119 mg/kg bw per 
day 

Carcinogenicity 3000 ppm, equivalent to 
357 mg/kg bw per dayc  

- 

Rat Five-week 
toxicitya study 

Toxicity 1000 ppm, equal to 
65.6 mg/kg bw per day 

4000 ppm, equal to 
216 mg/kg bw per day 

13-week toxicity 
studya 

Toxicity 500 ppm, equal to 
25 mg/kg bw per day 

2500 ppm, equal to 
134 mg/kg bw per day 

Two-year toxicity 
and 
carcinogenicitya 

study 

Toxicity 500 ppm, equal to 
16 mg/kg bw per day 

2500 ppm, equal to 
86 mg/kg bw per day 

Carcinogenicity 500 ppm, equal to 
21 mg/kg bw per day 

2500 ppm, equal to 
113 mg/kg bw per day 

Two-generation 
reproductive 
toxicitya study 

Reproduction/fertility 2500 ppm, equal to 
163 mg/kg bw per dayc 

- 

Parental toxicity 500 ppm, equal to 
32.2 mg/kg bw per day 

2500 ppm, equal to 
163 mg/kg bw per day 

Offspring toxicity 2500 ppm, equal to 
163 mg/kg bw per dayc 

- 

Developmental 
toxicityb study 

Maternal toxicity 83.3 mg/kg bw per day 292 mg/kg bw/day  

Fetal toxicity 83.3 mg/kg bw per day 292 mg/kg bw/day  

Rabbit Developmental 
toxicityb study 

Maternal toxicity 20.8 mg/kg bw per day 250 mg/kg bw per day 
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Species Study Effect NOAEL LOAEL 

Fetal toxicity 250 mg/kg bw per dayc - 

Dog 90-day toxicityd 
study 

Toxicity 62 mg/kg bw per day 
(males) 

104 mg/kg bw per day 

One-year 
toxicityd study 

Toxicity  62 mg/kg bw per day 
(males) 

250 mg/kg bw per day 

Clethodim imine sulfone (metabolite RE-47719) 

Rat Five-week 
toxicitya study 

Toxicity 1000 ppm, equal to 
70.9 mg/kg bw per day 

8000 ppm, equal to 
604 mg/kg bw per day 

Developmental 
toxicityb study 

Maternal toxicity 10 mg/kg bw per day 100 mg/kg bw per day 

Fetal toxicity 100 mg/kg bw per day 700 mg/kg bw per day 

Clethodim 5-OH sulfone (metabolite RE-51228) 

Rat Five-week 
toxicitya study 

Toxicity 8000 ppm, equal to 
588 mg/kg bw per dayc 

- 

Developmental 
toxicityb study 

Maternal toxicity 100 mg/kg bw per day 700 mg/kg bw per day 

Fetal toxicity 700 mg/kg bw per dayc - 

DME Sulfoxide acid (metabolite M17R) 

Rat Five-week 
toxicitya study 

Toxicity 1000 ppm, equal to 
80 mg/kg bw per day 

5000 ppm, equal to 
396 mg/kg bw per day 

a Dietary administration 
b Gavage administration 
c Highest dose tested 
d Capsule administration 

 

Acceptable daily intake (ADI) for clethodim, clethodim sulfoxide (free and conjugated), 
5-hydroxy sulfone, clethodim imine sulfoxide, clethodim imine sulfone, M15R, M17R, M18R and 
S-methyl sulfoxide, expressed as clethodim 

0–0.2 mg/kg bw 

Acute reference dose (ARfD) for clethodim, clethodim sulfoxide (free and conjugated), 
5-hydroxy sulfone, clethodim imine sulfoxide, clethodim imine sulfone, M15R, M17R, M18R and 
S-methyl sulfoxide, expressed as clethodim 

Not necessary 

 

Information that would be useful for the continued evaluation of the compound 

Results from epidemiological, occupational health and other such observational studies of human 
exposure.  
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Critical end-points for setting guidance values for exposure to clethodim 

Absorption, distribution, excretion, and metabolism in mammals 
Rate and extent of oral absorption Approximately 90% based on urine, tissue, expired CO2, 

cage wash and residual carcass within 168 h 
Distribution Widely (0.2–0.7% in tissues); highest residues in adrenals, 

liver and kidneys 
Rate and extent of excretion Urinary: 80–86% in 24 h; faecal 8.5–14% in 24 h 
Potential for accumulation No evidence for accumulation 
Metabolism in mammals Extensively metabolized; primary routes of metabolism are 

oxidation and subsequent hydroxylation or demethylation 
with subsequent oxidation 

Toxicologically significant compounds 
(animals, plants, and the environment) 

Clethodim, clethodim sulfoxide (free and conjugate), 
clethodim imine sulfone, clethodim imine sulfoxide, 
clethodim oxazole sulfoxide, clethodim oxazole sulfone, 
clethodim sulfone (free and conjugate), 5-hydroxy sulfone, 
M15R, DME sulfoxide acid (M17R), DME sulfone acid 
(M18R), M19R, M15A, S-methyl sulfoxide.  

Acute toxicity 
Rat LD50 oral 1133 mg/kg bw 
Rat LD50 dermal > 4167 mg/kg bw 
Rat LC50 inhalation > 3.25 mg/L (4 h; whole body) 
Rabbit, skin irritation Mildly irritant  
Rabbit, eye irritation Mildly irritant 
Guinea pig, skin sensitization Sensitizing (Magnusson & Kligman test) 

Short-term studies of toxicity 
Target/critical effect Liver (increased weight and associated histopathological 

findings in all species, bone marrow and spleen in dog), red 
blood cells (rat, mouse, dog). 

Lowest relevant oral NOAEL 25 mg/kg bw/day (90-day study in rat) 
Lowest relevant dermal NOAEL No data 
Lowest relevant inhalation NOAEC No data 

Long-term studies of toxicity and carcinogenicity 
Target/critical effect Decreased body weight and food consumption, mortality in 

males and chronic pancreatitis in females (rat)  
Liver: increased weights and associated histopathological 
findings (rat, mouse) 
Lungs: increased incidence of multiple foci of amphophilic 
alveolar macrophages (mouse) 

Lowest relevant oral NOAEL 16 mg/kg bw per day (two-year study in rat) 
Carcinogenicity Carcinogenic in female rats, but not in male rats or micea 

Genotoxicity No evidence of genotoxicitya 

Reproductive toxicity 
Target/critical effect Parental: decreased body weight and food consumption 

Offspring: no adverse effects 
Reproductive: no adverse effects 

Lowest relevant parental NOAEL 32.2 mg/kg bw per day (rat) 
Lowest relevant offspring NOAEL 163 mg/kg bw per day, highest dose tested (rat) 
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Lowest relevant reproductive NOAEL 163 mg/kg bw per day, highest dose tested (rat) 

Developmental toxicity  

Target/critical effect Maternal: clinical signs, decreased body weight and food 
consumption (rat, rabbit), increased mortality (rat) 
Developmental: reduced foetal weight and delayed 
ossification (rat) 

Lowest relevant maternal NOAEL 20.8 mg/kg bw per day (rabbit) 
Lowest relevant embryo/fetal NOAEL 83.3 mg/kg bw per day (rat) 

Neurotoxicity 
Acute neurotoxicity NOAEL 1000 mg/kg bw, the highest dose tested (rat) 
Subchronic neurotoxicity NOAEL 331 mg/kg bw per day, highest dose tested (rat) 
Developmental neurotoxicity NOAEL Not available 

Immunotoxicity 1312 mg/kg bw per day, the highest dose tested (mice) 

Mechanism studies No in vivo evidence of liver cytochrome induction in male 
rats 

Studies on metabolites or impurities 
 

Clethodim imine sulfone 
 

Rat LD50 oral, > 1400 mg/kg bw 
No genotoxic potential (Ames, chrom. aberr. in vitro) 
Subacute toxicity 
Oral NOAEL 70.9 mg/kg bw per day (rat) 
Developmental toxicity 
NOAEL maternal toxicity, 10 mg/kg bw per day (rat) 
NOAEL embryo/fetal toxicity, 100 mg/kg bw per day(rat) 
Not teratogenic. 

Clethodim 5-OH sulfone 
 

Rat LD50 oral, > 1400 mg/kg bw 
No genotoxic potential (Ames, chrom. aberration in vitro) 
Subacute toxicity 
Oral NOAEL 588 mg/kg bw per day (rat) highest dose 
tested 
Developmental toxicity, oral, rat: 
NOAEL maternal toxicity, 100 mg/kg bw per day 
NOAEL for embryo/fetal toxicity, 700 mg/kg bw per day 
Not teratogenic. 

Clethodim oxazole sulfone Genotoxicity: 
unlikely to be genotoxic (in vitro: negative Ames test, 
positive chrom. aberration, negative gene mutation; 
in vivo: negative (mouse micronucleus) 

Clethodim sulfone Genotoxicity: 
in vitro some positive result (some Ames tests, some 
chrom. aberration and some mammalian gene mutation), 
in vivo negative (mouse liver UDS), in vivo equivocal 
(mouse micronucleus) 

DME sulfoxide acid M17R LD50 oral > 5000 mg/kg bw (rat)  
Oral NOAEL, 80 mg/kg bw per day (rat) 
Ames test: negative 

DME sulfone acid M18R LD50 oral > 5000 mg/kg bw (rat) 
Ames test: negative 
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Human data No data 
a Unlikely to pose a carcinogenic risk to humans via exposure from the diet 

 

Summary 

 Value Study Safety factor 
ADIa 0–0.2 mg/kg bwa Two-year toxicity and 

carcinogenicity (rat)  
100 

ARfD Not necessary  
a Applies to clethodim, clethodim sulfoxide (free and conjugated), 5-hydroxy sulfone, clethodim imine sulfoxide, 

clethodim imine sulfone, M15R, M17R, M18R and S-methyl sulfoxide) 

 

 

 

RESIDUE AND ANALYTICAL ASPECTS 

Clethodim is a fatty acid synthesis inhibitor herbicide, which interacts with acetyl CoA carboxylase. It 
stops new cell growth leading to the gradual death of the plant. 

Clethodim was first evaluated for toxicology and residues by the JMPR in 1994. Clethodim 
was scheduled at the Fiftieth Session of the CCPR for periodic evaluation by the 2019 JMPR. The 
Meeting received information on identity, physical and chemical properties, animal and plant 
metabolism, rotational crop study, environmental fate, analytical methods, GAP information, storage 
stability, processing, supervised residue trials and farm animal feeding study. 

The IUPAC name for clethodim is (5RS)-2-{(1EZ)-1-[(2E)-3-chloroallyloxyimino]propyl}-5-
[(2RS)-2-(ethylthio)propyl]-3-hydroxycyclohex-2-en-1-one. 

 
The following abbreviations are used for the major metabolites discussed below: 

Metabolites converted to DME (3-[2-(ethylsulfonyl)propyl]-pentanedioic acid, dimethyl ester) 
or DME-OH (3-[2-(ethylsulfonyl)propyl]-3-hydroxy-pentanedioic acid, dimethyl ester) moieties by 
common moiety analytical methods are indicated in brackets.  

Table 1 Metabolites referred to in this appraisal 

Code Name and Matrix Structure 

Clethodim sulfoxide 

(DME moiety) 

2-((E)-1-((((E)-3-chloroallyl)oxy) imino)propyl)-5-(2-
(ethylsulfinyl) propyl)-3-hydroxycyclohex-2-en-1-one 

 

Spinach, Soya bean (seeds), Carrot (roots & leaves), 
Cotton (seeds), Soil, Goat, Hen 
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Code Name and Matrix Structure 

Clethodim sulfone 

(DME moiety) 

2-((E)-1-((((E)-3-chloroallyl)oxy) imino)propyl)-5-(2-
(ethylsulfonyl) propyl)-3-hydroxycyclohex-2-en-1-one 

 

Spinach, Carrot (outdoor: roots & leaves), Soil, Goat, Hen 

 

5-hydroxy sulfone 

(DME-OH moiety) 

2-((E)-1-((((E)-3-chloroallyl)oxy) imino)propyl)-5-(2-
(ethylsulfonyl) propyl)-3,5-dihydroxycyclohex-2- en-1-
one 

 

Soya bean (seeds), Carrot (roots) 

 

Clethodim sulfoxide 
glucoside 

(DME moiety) 

Conjugates of clethodim sulfoxide 

 

Soya bean (seeds & leaves), Carrot (outdoor: leaves) 
Cotton (leaves) 

 

Clethodim sulfone 
glucoside 

(DME moiety) 

Conjugates of clethodim sulfone 

 

Soya bean (leaves) 

 

Clethodim imine sulfoxide 

(DME moiety) 

5-(2-(ethylsulfinyl)propyl)-3- hydroxy-2-(1-iminopropyl) 
cyclohex-2-en-1-one 

 

Soya bean (leaves), Carrot (leaves), Cotton (leaves), Goat  

Clethodim imine sulfone 

(DME moiety) 

5-(2-(ethylsulfonyl)propyl)-3-hydroxy-2-(1- 
iminopropyl) cyclohex-2-en-1-one 

 
Spinach 

 

M15R Hydroxy 3-[(2-Ethylsulfinyl) propyl]-pentanedioic acid 

 

Spinach, Carrot (outdoor: roots) 
 

M17R 

(DME moiety) 

3-[(2-Ethylsulfinyl) propyl]- pentanedioic acid 

 

Spinach, Carrot (outdoor: leaves & roots)  

M18R 

(DME moiety) 

3-[(2-Ethylsulfonyl) propyl]- pentanedioic acid 

 

Spinach, Carrot (outdoor: leaves & roots)   
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Code Name and Matrix Structure 

M19R 3-hydroxy-5-(2-hydroxypropyl)-2- (1-
iminopropyl)cyclohex-2-en-1- one glucose conjugate 

 

Carrot (outdoor: leaves)  

M15A 3-Chloroallyl alcohol glucoside 

 

Spinach 

 

Chloroallyl alcohol 3-Chloroallyl alcohol 

 

Water (hydrolysis) 

 

Clethodim oxazole 

(DME moiety) 

2-ethyl-6-(2-(ethylthio)propyl)-6,7-
dihydrobenzo[d]oxazol-4(5H)-one 

 

High temperature hydrolysis  

Clethodim oxazole 
sulfoxide 

(DME moiety) 

2-ethyl-6-(2-(ethylsulfinyl)propyl)-6,7-
dihydrobenzo[d]oxazol-4(5H)- one 

 

Soil  

Clethodim oxazole sulfone 

(DME moiety) 

2-ethyl-6-(2-(ethylsulfonyl)propyl)-6,7-
dihydrobenzo[d]oxazol-4(5H)- one 

 

Soil  

S-methyl sulfoxide 2-((E)-1-((((E)-3-chloroallyl)oxy) imino)propyl)-3-
hydroxy-5-(2- (methylsulfinyl)propyl)cyclohex-2-en-1-
one 

 

Goat 

  

 

Physical and chemical properties  

Clethodim has a higher solubility in organic solvents in comparison to water and is not volatile. 
Clethodim was shown to be hydrolytically stable at neutral and basic conditions but photolytically 
unstable (DT50 of < 10 days).  

Plant metabolism 

The Meeting received plant metabolism studies for clethodim after foliar application to spinach, soya 
bean, carrot and cotton with clethodim labelled at [Ring-4,6-14C] and [Allyl-2-14C]. 

Spinach 

Outdoor grown spinach received a single foliar application of [14C]-clethodim at a rate of 0.50 kg ai/ha. 
Treated spinach foliage was harvested 14 days after treatment (DAT) (immature) and 28 DAT (mature). 
The TRRs in the treated foliage measured by the extraction procedure were 3.4–6.9 mg eq/kg. The 
residues in immature leaves were greater than residues in the mature leaves. Total extractability was ≥ 



106  

 

Pesticide residue in food 2019 

81% TRR in immature and mature leaves extracted with acetonitrile/water, acetonitrile and 
acetonitrile/0.2 N HCl. 

Parent clethodim was not detected in either immature or mature foliage. Ring opened 
metabolites made up the majority of the residues in both immature and mature leaves: M17R (33–35% 
TRR, 1.2–2.3 mg eq/kg), M15A (21–23% TRR, 0.79–1.1 mg eq/kg), M15R (13–14% TRR, 0.48–
0.88 mg eq/kg) and M18R (9.7–13% TRR, 0.42–0.66 mg eq/kg). Clethodim imine sulfoxide was the 
major ring-intact metabolite in immature spinach leaves (14% TRR, 0.98 mg eq/kg); it was not detected 
in mature leaves. Clethodim imine sulfone was the major ring-intact metabolite in mature leaves (7.5% 
TRR, 0.25 mg eq/kg). Clethodim sulfoxide (free: 2.8–6.8% TRR, 0.12–0.35 mg eq/kg) and clethodim 
sulfone (free: 0.3–0.6% TRR, 0.01–0.03 mg eq/kg) were present in both immature and mature foliage. 
A multi-component fraction, M3/4A, was also present at 18–21% TRR (0.73–0.90 mg eq/kg) with no 
individual component greater than 3.6% TRR (0.018 mg eq/kg).  

Soya bean 

Greenhouse grown soya bean received two foliar applications of [14C]-clethodim of 0.28 kg ai/ha with 
a 14-day retreatment interval (RTI). The first treatment was applied when the soya bean plants were at 
the 6–8 leaf stage. The soya bean plants were grown to maturity and harvested at 30 days after the last 
application (DALA). The TRRs in soya bean were 18–28 mg eq/kg for leaves, 1.6–1.8 mg eq/kg for 
pods and 3.9–4.3 mg eq/kg for seeds. Total extractability was ≥ 70% TRR in all commodities extracted 
with hexane, acetone, methanol, methanol/water and methanol/0.2 N HCl. 

Parent clethodim was not detected in any of the plant parts. Major metabolites in seeds were 
clethodim sulfoxide (free: 32% TRR, 1.2–1.3 mg eq/kg; conjugated: 8.5–12% TRR, 0.33–
0.49 mg eq/kg) and 5-OH sulfone (10–11% TRR, 0.41–0.43 mg eq/kg), and in leaves were clethodim 
imine sulfoxide (14% TRR, 3.9 mg eq/kg), conjugates of clethodim sulfoxide (25–27% TRR, 4.7–
6.9 mg eq/kg) and conjugates of clethodim sulfone (2.0–12% TRR, 0.56–2.2 mg eq/kg). 

Carrot 

Greenhouse grown carrots received two foliar applications of [14C]-clethodim at 0.28 kg ai/ha with a 14 
day. The treated carrots were harvested at 20 DALA. The TRRs in carrot were 9.2–22 mg eq/kg for 
leaves and 0.40–0.62 mg eq/kg for carrot roots. Total extractability was ≥ 88% TRR in leaves and roots 
extracted with acetone, methanol, methanol/water and methanol/0.2 N HCl. 

Parent clethodim was only detected in the roots (0.8–1.1% TRR, 0.003–0.007 mg eq/kg). Major 
metabolites were clethodim sulfoxide (29–34% TRR, 0.11–0.21 mg eq/kg) and 5-OH sulfone (10% 
TRR, 0.063 mg eq/kg) in roots, and clethodim sulfoxide (11–16% TRR, 0.97–3.5 mg eq/kg) and 
clethodim imine sulfoxide (22% TRR, 4.9 mg eq/kg) in leaves. 

Field grown carrots received a dingle foliar application of [14C]-clethodim at a rate of 0.60 kg 
ai/ha. Carrot roots and foliage were harvested 21 DAT (immature) and 56 DAT (mature). The TRRs in 
immature carrots were 3.9–5.7 mg eq/kg for leaves and 0.74–0.82 mg eq/kg for roots. The TRRs in 
mature carrots were 0.75–0.84 mg eq/kg for leaves and 0.13–0.16 mg eq/kg for roots. Total 
extractability was ≥ 80% TRR in leaves and roots extracted with acetonitrile/water, acetonitrile and 
acetonitrile/0.2 N HCl. 

Parent clethodim was detected at very low concentrations in immature leaves (0.004–
0.005 mg eq/kg) but was not detected in mature leaves. Clethodim sulfoxide (free: 11–22% TRR, 
0.095–0.16 mg eq/kg; glucoside: 9.3–15% TRR, 0.078–0.11 mg eq/kg) was the major residue in mature 
leaves. Metabolites M17R (8.9% TRR, 0.075 mg eq/kg), M18R (8.1% TRR, 0.068 mg eq/kg) and 
M19R (14% TRR, 0.12 mg eq/kg) were significant in mature leaves. A multi-component fraction, M3A 
(11–15% TRR, 0.020–0.081 mg eq/kg), was also detected as the major residue in immature and mature 
leaves with no individual component being greater than 2.4% TRR (0.018 mg eq/kg). 

Parent clethodim was not detected in mature roots. Clethodim sulfoxide (18–24% TRR, 0.029–
0.032 mg eq/kg), M17R (14% TRR, 0.022 mg eq/kg), M18R (13% TRR, 0.020 mg eq/kg) and M15R 
(12% TRR, 0.019 mg eq/kg) were present at > 10% TRR in mature roots. 
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The cyclohexene ring opened metabolites, M15R, M17R and M18R observed in the outdoor 
study were not observed in the study performed in a greenhouse. 

Cotton 

Greenhouse grown cotton plants received two foliar applications of [14C]-clethodim at 0.28 kg ai/ha 
with a 14 day RTI. The first treatment was applied when the cotton plants were at the 8–12 leaf stage. 
Cotton plants were grown to maturity and harvested at 70 DALA. The TRRs in cotton were 6.7–
14 mg eq/kg for leaves, 0.47–1.4 mg eq/kg for shell and 0.068–0.22 mg eq/kg for seeds. Total 
extractability was ≥ 87% TRR in leaves with acetone, methanol and methanol/water. Total extractability 
was 39–54% TRR in seeds extracted with hexane, acetone, methanol and methanol/water.  

Parent clethodim was not detected in any of the plant parts. The metabolites ≥ 10% TRR in 
cotton leaves were conjugates of clethodim sulfoxide (10% TRR, 0.67 mg eq/kg) and clethodim imine 
sulfoxide (18% TRR, 2.4 mg eq/kg). Identified residues in cotton seed were ≤ 0.007 mg eq/kg, with the 
most abundant residue being clethodim sulfoxide (3.1% TRR). 

Conclusions 

Parent clethodim is rapidly metabolized in plant commodities. The one major metabolic pathway in 
plants is sulfoxidation to clethodim sulfoxide followed by further oxidation to clethodim sulfone. 
Clethodim sulfoxide and clethodim sulfone conjugates were also identified as major or minor 
metabolites in all crops. Another pathway is elimination of the chloroallyl moiety, leading to the 
formation of clethodim imine and 3-chlorolally metabolites, including 3-chloroalcohol glucoside 
(M15A). 

The studies in carrots and spinach were performed in outdoor conditions and suggest that the 
clethodim ring can be opened by a photolytic reaction (also from imine metabolites) to form 
pentanedioic acids. Metabolites M15R, M17R and M18R belong to the pentanedioic acids. 

Environmental fate 

The Meeting received aqueous hydrolysis, soil photolysis, aerobic soil metabolism and soil degradation 
studies for clethodim. 

In the aqueous hydrolysis study, clethodim was hydrolytically stable at pH 7 and 9 but degraded 
at pH 5 with a  DT50 of 28–54 days at 25 °C. The major hydrolysis products were clethodim oxazole 
(51% applied residue (AR) after 32 days) and chloroallyl alcohol (31% AR after 30 days). Hydrolysis 
is unlikely to be a major route of environmental degradation. 

In the soil photolysis studies, clethodim was rapidly degraded in irradiated soils (DT50 of 0.15–
1.8 days) and in non-irradiated soils (DT50 of 1.9–3.6 days). Clethodim sulfoxide was the major 
degradation product on soil and was rapidly photodegraded in the irradiated soils. The major dissipation 
route of clethodim sulfoxide was degradation to trans-3-chloro-acrylic acid, 2-[3-chloroallyloxyimino] 
butanoic acid (CBA), formation of bound residues and CO2. Clethodim is susceptible to photolytic 
degradation.  

In the aerobic soil metabolism studies, clethodim was rapidly degraded in a variety of soils with 
a DT50 of < 2.5 days at 25 °C. Clethodim sulfoxide was the most significant metabolite and other 
significant soil metabolites were clethodim sulfone, clethodim oxazole sulfoxide and clethodim oxazole 
sulfone. 

The DT50s of clethodim sulfoxide and clethodim sulfone were 1.6–2.5 days and 3.8–10 days, 
respectively. 

The DT50 of clethodim oxazole sulfone was 20–68 days. The photolysis product CBA was 
degraded with a DT50 of 5.5 days. 

Clethodim was rapidly degraded in the environmental fate studies, and the breakdown products 
also rapidly degraded to form bound residues and CO2. Clethodim is not persistent in soil. 
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Rotational crop metabolism 

The Meeting received a confined rotational crop study with 14C-labeled clethodim. 

Rotational crops (lettuce, carrots and wheat) were planted in sandy loam soil that had been 
treated at 1.1 kg ai/ha with [14C]-clethodim and then aged for 30, 120 and 365 days in a greenhouse. 

In carrot leaf, lettuce leaf (30 days), and wheat straw and hulls, the radioactive residues were 
found at > 0.05 mg eq/kg (0.053–0.65 mg eq/kg). 

Parent clethodim was not detected in any of the analysed extracts. Small amounts of clethodim 
imine sulfoxide (2.4–19% TRR, 0.006–0.040 mg eq/kg), clethodim oxazole sulfoxide (< 0.1–3.9 TRR, 
< 0.001–0.017 mg eq/kg) and clethodim oxazole sulfone (< 0.1–8.0% TRR, < 0.001–0.029 mg eq/kg) 
were detected. 

The results show that the metabolism of clethodim in rotated crops was similar for all crop 
types. The metabolites in rotational crops, clethodim oxazole sulfoxide and clethodim oxazole sulfone 
were soil metabolites of clethodim. Their occurrence in rotational crops is due to the uptake by plant 
roots. 

Residues related to clethodim are not expected to be significant in rotational crops as the treated 
rate in the study was 2 × GAP rate.  

Animal metabolism 

The Meeting received animal metabolism studies on rats, lactating goats and laying hens where animals 
were dosed with [14C]-clethodim. The metabolism and distribution of clethodim in farm animals were 
investigated using the [Propyl-1-14C]-clethodim for lactating goats and the [Ring-4,6-14C]-clethodim 
for laying hens. 

Rats 

The metabolism of clethodim in rats was reviewed within the framework of the toxicological evaluation 
by the WHO Core Assessment Group of the 2019 JMPR.  

Lactating goats 

Lactating goats received daily oral dosing of [14C]-clethodim at 1.2 mg/kg bw/day (equivalent to 24 
ppm in the diet) for 4 consecutive days. The goats were sacrificed 4 hours after the last dose. Most of 
the total administered dose was found in the urine (56%) and faeces (34%). 

Total radioactive residues (TRR) were highest in the liver (0.41 mg eq/kg) and kidney 
(0.38 mg eq/kg), followed by muscle (forequarter: 0.033 mg eq/kg, hindquarter: 0.034 mg eq/kg) and 
fat (subcutaneous: 0.079 mg eq/kg, peritoneal: 0.047 mg eq/kg). The concentration of radioactivity in 
the milk reached a plateau of about 0.035 mg eq/L by day 2. 

The majority of the radioactive residues in liver (77% TRR), kidney (91% TRR), muscle (90–
93% TRR) and subcutaneous fat (95% TRR) were extracted into organic solvents (acetone and 
methanol/water). Most of the milk radioactivity was not extracted by organic solvents and remained in 
the post-extraction solids (PES)(30–66% TRR).  

Clethodim was found in liver (28% TRR, 0.11 mg/kg), kidney (1.3% TRR, 0.005 mg/kg), fat 
(2.8% TRR, 0.002 mg/kg) and milk on Day 4 (3.3% TRR, 0.001 mg/kg). No clethodim was found in 
muscle. 

Clethodim sulfoxide was major metabolite in milk (15–29% TRR, 0.005–0.013 mg eq/kg) and 
tissues (33–52% TRR, 0.014–0.14 mg eq/kg). 

S-methyl clethodim sulfoxide was also a major metabolite in kidney, muscle and fat (29–32% 
TRR, 0.009–0.12 mg eq/kg). 
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Significant residues of the radioactivity in milk were incorporated into natural products; [14C]-
lactose was identified in milk (30–54% TRR, 0.014–0.017 mg eq/kg). 

Other identified metabolites in milk and tissues, clethodim sulfone, clethodim imine sulfoxide 
and 5-OH clethodim sulfone were observed at levels below 5% TRR (< 0.016 mg eq/kg). 

Laying hens  

Laying hens received daily oral doses of [14C]-clethodim for 5 consecutive days at a rate equivalent to 
27 ppm in the diet as received (2.1 mg/kg bw per day). Another group of hens were treated identically, 
but received a higher dose (equivalent to 707 ppm in the diet as received, 51.3 mg/kg bw per day) to 
facilitate identification of unknown metabolites. The hens were sacrificed 4 hours after the last dose. 
After administration, 78–85% of the total dose was recovered in excreta. 

In the 27 ppm dose group, radioactive residues in tissues were highest in kidney (1.2 mg eq/kg) 
and liver (0.7 mg eq/kg). Residue levels in skin, fat, thigh muscle and breast muscle were all within the 
range of 0.1–0.3 mg eq/kg. Residue levels in eggs were ≤ 0.22 mg eq/kg (maximum at day 4 in egg 
white). Radioactivity levels in egg yolk and egg white did not reach a plateau within the 4-day study 
period. 

Liver, kidney, thigh and breast muscles were extracted with methanol and methanol/water. 
Skin, fat and egg yolks were extracted with acetone and methanol/water. Good extractability was 
achieved for all samples (≥ 84% TRR). 

In kidney, liver, skin, breast and thigh muscle, major identified metabolites were clethodim 
sulfoxide (30–57% TRR) and clethodim sulfone (16–34% TRR). Clethodim was also detected (0.5–
7.5% TRR). In fat, major components were clethodim (65% TRR), clethodim sulfoxide (15–41% TRR) 
and clethodim sulfone (10–16% TRR). No other metabolites were identified. 

Conclusions 

The metabolic pathway of clethodim in rat is consistent with that in ruminants (goat) where clethodim, 
clethodim sulfoxide, clethodim sulfone and at lower levels 5-hydroxy sulfoxide, 5-hydroxy sulfone, 
imine sulfoxide, S-methyl clethodim and S-methyl sulfoxide were identified. In hen, the metabolic 
pathway was simpler than that observed in rat and goat. None of the imine analogues, 5-hydroxy 
analogues or S-methyl analogues identified in rat and goat were found in hens. 

Methods of analysis 

The Meeting received information on analytical methods for clethodim and its metabolites in plant and 
animal matrices. There are two types of methods of plant matrices, one is a common moiety method 
and the other is a specific individual method. 

In the common moiety methods of plant and animal matrices, samples were extracted with 
methanol/water. All compounds containing the 5-(2-ethylthiopropyl) cyclohexene-3-one moiety were 
converted into DME and all compounds containing the 5-(2-ethylthiopropyl)-5-hydroxy cyclo-hexene-
3-one moiety were converted into DME-OH by alkaline precipitation, oxidation and methylation. The 
residues can be measured by GC-FPD. Representative compounds that are converted into DME 
(clethodim or clethodim sulfoxide) and DME-OH (5-OH clethodim sulfoxide) are used as reference 
materials for fortification and method validation. The methods of analysis were validated with an LOQ 
of 0.095 mg/kg expressed as clethodim equivalents for DME and 0.088 mg/kg expressed as clethodim 
equivalents for DME-OH. 

In the specific individual methods of plant matrices, samples were extracted with 
methanol/water, and then clethodim, clethodim sulfoxide, clethodim sulfone, M17R and M18R (free 
form of all analytes) can be measured by LC-MS/MS with an LOQ of 0.005 mg/kg for each analyte. 

The Meeting concluded that the presented methods were sufficiently validated and are suitable 
to measure clethodim and its metabolites in plant (common-moiety and individual analyte methods) 
and animal (common-moiety method only) commodities.  
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Stability of pesticide residues in stored analytical samples 

The Meeting received information on storage stability of clethodim and its metabolites in raw/processed 
plant and animal commodities. 

Storage stability studies using the specific individual analytical method showed that clethodim 
was stable for at least 6 months at -18 °C in crop commodities representative of the high protein (dry 
pea) and high oil (oilseed rape) commodity groups, but it was degraded within 30 days in the high water 
(alfalfa) and high starch (potato) commodity groups. 

Storage stability studies using the specific individual analytical method showed that clethodim 
sulfoxide was stable for at least 6 months at <-18 °C in crop commodities representative of the high 
water (alfalfa), high acid (grape), high starch (potato), high protein (dry pea) and high oil (oilseed rape) 
commodity groups. 

Storage stability studies using the specific individual analytical method showed that clethodim 
sulfone was stable at <-18 °C for at least 6 months in crop commodities representative of the high acid 
(grape), high starch (potato), high protein (dry pea) and high oil (oilseed rape) commodity groups, and 
stable at least 3 months in the high water (alfalfa) commodity group. 

Storage stability studies using the specific individual analytical method showed that M17R and 
M18R were stable for at least 9 months at <-18 °C in crop commodities representative of the high acid 
(grape), high starch (potato), high protein (dry pea) and high oil (oilseed rape) commodity groups. 

Storage stability studies fortified with 5-OH clethodim sulfone showed that residues analysed 
as DME-OH were stable for at least 5 months at -12 to -22 °C in crop commodities representative of 
the high water (peach, plum, lettuce, sugar beet leaves), high acid (blueberry, cranberry), high starch 
(carrot roots, sugar beet roots) and high protein (dry pea) commodity groups and hops. 

Storage stability studies in animal commodities fortified with clethodim, 5-OH clethodim 
sulfone and S-methyl clethodim sulfoxide showed that residues analysed as DME, DME-OH and S-
methyl DME were stable for at least 5 months at -20 °C in milk and bovine tissues (liver, kidney, muscle 
and fat), and for at least 1 month at -18 °C in chicken eggs and tissues (liver, muscle and fat). 

The Meeting noted that clethodim was unstable in high water and high starch commodity 
groups during freezer storage. However, the residues analysed as DME by the common moiety 
analytical methods were stable for at least 5 months in raw/processed plant and animal commodities 
including the high water and high starch commodities. The Meeting agreed that the demonstrated 
storage stability on various representative plant and animal commodities using the common moiety 
analytical methods covered the residue sample storage intervals used in the field trials considered by 
the current Meeting. 

Definition of the residue 

Plant commodities 

In plant metabolism studies on clethodim in root crops (carrot), leafy crops (spinach) and pulses/oilseeds 
(soya bean/ cotton), clethodim was extensively metabolized and not detected or occurred in low 
amounts in mature crops at levels up to 1.1% TRR. 

Clethodim sulfoxide (2.8–34% TRR) and clethodim sulfone (0.3–9.9% TRR) were found in all 
primary crop commodities. Conjugates of clethodim sulfoxide (2.7–27% TRR) and conjugates of 
clethodim sulfone (0.5–12% TRR) were also identified as metabolites in soya bean (leaves and seeds), 
carrot (leaves and roots) and cotton (leaves). 

5-OH clethodim sulfone was identified in soya bean seeds (10–11% TRR) and carrot roots (7.6–
10% TRR). Clethodim imine sulfoxide was found in leaves of immature spinach (14% TRR), soya bean 
(14% TRR), carrot (13–22% TRR) and cotton (18% TRR). Clethodim imine sulfoxide (2.4–19% TRR) 
was also determined in rotational crops (carrot, lettuce and wheat). Clethodim imine sulfoxide levels 
increased with exposure to sunlight. 
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The ring opened metabolites M15R (7.7–14% TRR), M17R (8.9–35% TRR) and M18R (7.3–
13% TRR) belong to the pentanedioic acids and were identified as major metabolites in spinach and 
carrot grown outdoors. 3-Chloroallyl alcohol glucoside (M15A) was also a major metabolite found in 
spinach (21–23% TRR). 

In rotational crops, the metabolites in soil, clethodim oxazole sulfoxide (< 0.1–3.9% TRR) and 
clethodim oxazole sulfone (< 0.1–8.0% TRR), were also detected.  

In the high temperature hydrolysis study for processed commodities, the major metabolite of 
plant commodities, clethodim sulfoxide, degraded to clethodim oxazole sulfoxide (pH4: 89% AR, pH5: 
94% AR, pH6: 98% AR). This metabolite was not observed in plant metabolism studies. 

In a storage stability study conducted in alfalfa and potato tubers, clethodim was decomposed 
to compounds other than clethodim sulfoxide and clethodim sulfone during freezer storage. Therefore, 
the sum of clethodim, clethodim sulfoxide and clethodim sulfone would not be appropriate as a marker 
for monitoring. 

Common moiety analytical methods that determined the common moiety DME and DME-OH 
are available. Parent clethodim, clethodim sulfoxide, clethodim sulfone, clethodim imine sulfoxide, 
clethodim oxazole sulfoxide, clethodim oxazole sulfone, M17R and M18R (including the free and 
conjugated forms) are converted into the DME. 5-OH clethodim sulfone and M15R (including the free 
and conjugated forms) are converted into the DME-OH. 

The Meeting noted that the common moiety methods are not specific to monitor clethodim and 
residues may arise from sethoxydim, no other suitable marker compound and analytical method were 
available. 

The Meeting decided to define the residue for compliance with the MRL for plant commodities 
as sum of clethodim and its metabolites convertible to dimethyl 3-[2-(ethylsulfonyl)propyl]-
pentanedioate (DME) and dimethyl 3-[2-(ethylsulfonyl)propyl]-3-hydroxy-pentanedioate (DME-OH), 
expressed as clethodim. 

In deciding which compounds should be included in the residue definition for dietary risk 
assessment, the Meeting considered the likely occurrence of the compounds and the toxicological 
properties of the candidates clethodim sulfone, clethodim oxazole sulfoxide, M19R, M15A and 3-
chloroallyl alcohol. 

The Meeting concluded that the TTC approach for genotoxicity could be applied for clethodim 
sulfone, M19R and M15A and the TTC approach using Cramer Class III could be applied for clethodim 
oxazole sulfoxide. 

Clethodim sulfone is measured as DME by the common moiety analytical method but the 
individual residue cannot be determined. Therefore, the field trial data analysed with a specific 
analytical method were used for the estimation of exposure. The chronic dietary exposure was estimated 
based on uses on head cabbage, dry peas, carrot and artichoke because the residue data for clethodim 
sulfone itself were available. 

The Meeting noted that the estimated chronic dietary exposure to clethodim sulfone 
(0.028 μg/kg bw per day) exceeds the threshold of toxicological concern for genotoxicity (0.0025 μg/kg 
bw per day). 

3-Chloroallyl alcohol was the major hydrolysis product (31% AR after 30 days) and is the free 
form of M15A (glucose conjugate). M15A was the major residue in spinach (21–23% TRR, 0.79–
1.1 mg eq/kg) and M19R was the major residue in carrot mature leaves (14% TRR, 0.12 mg eq/kg) at 
a 2 × GAP rate of 0.50 kg ai/ha. Those three metabolites cannot be measured by the common moiety 
analytical method. The Meeting noted that M15A and M19R were not observed in the rat metabolism 
study and no information is available on their toxicity. 

M19R and M15A are expected to occur in leaves with exposure to sunlight. Therefore, the 
chronic dietary exposure was estimated based on uses on leafy greens and head cabbage. The maximum 
residues of M19R and M15A in the plant metabolism studies, with adjustment to the GAP rate (50% 
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the rate used in the metabolism studies), were used to estimate the chronic dietary exposure. It was 
noted that 3-chloroallyl alcohol (free form of M15A) was only detected in the hydrolysis study. 
Estimated exposures were: 

M19R: 0.091 μg/kg bw per day 

M15A: 0.84 μg/kg bw per day 

The Meeting noted that the estimated exposures to M19R and M15A exceeded the threshold of 
toxicological concern for genotoxicity (0.0025 μg/kg bw per day). 

Clethodim oxazole sulfoxide is generated from clethodim sulfoxide during high temperature 
processing of plant commodities. This compound can be measured by a common moiety analytical 
method but individual residues of the compound cannot be determined. The Meeting could not estimate 
the chronic dietary exposure for clethodim oxazole sulfoxide. 

Because the Meeting was unable to conclude on the toxicological relevance of the metabolites 
clethodim sulfone, M19R, M15A and clethodim oxazole sulfoxide the Meeting could not reach a 
conclusion on the residue definition for dietary risk assessment. 

Animal commodities 

In animal metabolism studies, clethodim was rapidly metabolized and not detected or in low amounts 
in tissues (up to 7.5% TRR) except goat liver, hen fat and egg yolk. Clethodim was the major component 
of the residue in goat liver (28% TRR), hen fat (34–65% TRR) and egg yolk (15–34% TRR). 

Clethodim sulfoxide and clethodim sulfone were identified in goat and hen. Clethodim 
sulfoxide was a major metabolite in all animal commodities (milk: 15–29% TRR, egg: 25–82% TRR, 
tissues: 15–57% TRR). Clethodim sulfone was a major metabolite identified in hen commodities (egg 
yolk: 11–29% TRR, egg white: 9.9–38% TRR, tissues: 10–34% TRR). 

S-methyl clethodim sulfoxide, clethodim imine sulfoxide and 5-OH clethodim sulfone were 
found only in goat. S-methyl clethodim sulfoxide was identified as a major metabolite in kidney (31% 
TRR), muscle (29–32% TRR) and fat (29% TRR). Clethodim imine sulfoxide and 5-OH clethodim 
sulfone were present at < 5% TRR in milk and tissues. 

In plant metabolism studies, clethodim sulfoxides and clethodim sulfones (free and conjugated) 
were found but no clethodim was observed. S-methyl clethodim is directly formed from parent 
clethodim and then oxidized to S-methyl sulfoxide. Therefore, S-methyl clethodim sulfoxide cannot be 
formed in the animal due to the absence of parent clethodim in feed. 

In farm animal feeding studies the administered dose comprised 5% clethodim and 95% 
clethodim sulfoxide. No residue of 5-OH clethodim sulfone was found in any animal commodities. 
Therefore, residues that can be converted to the DME-OH moiety are unlikely to be found in animal 
commodities. 

The Meeting decided to define the residue for compliance with the MRL for animal 
commodities as sum of clethodim and its metabolites convertible to dimethyl 3-[2-
(ethylsulfonyl)propyl]-pentanedioate (DME),expressed as clethodim. 

In deciding which compounds should be included in the residue definition for dietary risk assessment, 
the Meeting considered the likely occurrence of the compound and the toxicological properties of the 
candidate clethodim sulfone. 

Clethodim sulfone resides cannot be identified in animal commodities since no specific 
analytical method is available. However, the estimated chronic dietary exposure to clethodim sulfone 
from plant commodities exceeds the threshold of toxicological concern for genotoxicity. 

Farm animal feeding studies show that DME residues in fat are two times higher than in muscle, 
and, in cream, more than four times higher than in skimmed milk. The Meeting considered the residue 
fat-soluble. 
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Because the Meeting was unable to conclude on the toxicological relevance of the metabolite clethodim 
sulfone the Meeting could not reach a conclusion on the residue definition for dietary risk assessment. 

The Meeting recommended the following residue definitions for clethodim: 

Definition of the residue for compliance with the MRL for plant commodities: Sum of clethodim 
and its metabolites convertible to dimethyl 3-[2-(ethylsulfonyl)propyl]-pentanedioate (DME) and 
dimethyl 3-[2-(ethylsulfonyl)propyl]-3-hydroxy-pentanedioate (DME-OH), expressed as clethodim 

Definition of the residue for compliance with the MRL for animal commodities: Sum of 
clethodim and its metabolites convertible to dimethyl 3-[2-(ethylsulfonyl)propyl]-pentanedioate 
(DME), expressed as clethodim 

The Meeting considers the residue to be fat-soluble. 

Definition of the residue for dietary risk assessment for plant and animal commodities: A 
conclusion could not be reached 

Results of supervised residue trials on crops 

Supervised trials were available for the use of clethodim on apple, pear, cherry, plum, peach, blueberry, 
cranberry, strawberry, onion, broccoli, cabbage, cucumber head lettuce, beans, peas, carrot, artichoke, 
oilseed rape and hops.  

Product labels were available from Australia, European countries and the USA.  

Since no residue data were provided for alfalfa fodder, beans (succulent), cotton seed, cotton 
seed oil, fodder beat, peanut, potato, soya bean, soya bean oil, sugar beet, sunflower seed, sunflower 
seed oil and tomato, the Meeting withdrew the previous recommendations for maximum residue levels 
for these commodities.  

Total residues for estimation of maximum residue levels in plant commodities are calculated 
by summing up the concentrations of DME and DME-OH (expressed as clethodim equivalents) in 
common moiety methods. The method of calculation is illustrated below. 

Example of the method for calculation of total residues  

DME DME-OH Total 
< 0.095 < 0.088 < 0.18 

0.18 < 0.088 0.27 
 

Pome fruits 

The critical GAP for pome fruit (not including persimmon, Japanese) in the USA allows four directed 
ground sprays of 0.14 kg ai/ha with a maximum seasonal rate of 0.54 kg ai/ha and a PHI of 14 days. 

Data were available from supervised trials on apples and pears in the USA. 

Total residues of DME and DME-OH in apples from independent trials in the USA with two 
applications of 0.27–0.29 kg ai/ha at a total application rate of 0.55–0.58 kg ai/ha with a PHI of 12–15 
days were (n = 13): < 0.18 (13) mg/kg. 

Total residues of DME and DME-OH in pears from independent trials in the USA with two 
applications of 0.27–0.30 kg ai/ha at a total application rate of 0.54–0.59 kg ai/ha with a PHI of 13–16 
days were (n = 6): < 0.18 (6) mg/kg. 

Since total residues of DME and DME-OH in apples and pears from the 2 × treated plots were 
all < 0.18 mg/kg, the Meeting agreed to estimate a maximum residue level of 0.2(*) mg/kg for the group 
of pome fruits except persimmon, Japanese. 
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Stone fruits 

The critical GAP for stone fruit or peach in the USA allows four directed ground sprays of 0.14 kg ai/ha 
with a maximum seasonal rate of 0.56 kg ai/ha and a PHI of 14 days. 

Data were available from supervised trials on cherries (sweet and sour), plums and peaches in 
Canada and the USA. 

Total residues of DME and DME-OH in cherries from independent trials in Canada and the 
USA with two applications of 0.27–0.30 kg ai/ha at a total application rate of 0.55–0.60 kg ai/ha with a 
PHI of 13–16 days were (n = 14): < 0.18 (14) mg/kg. 

Total residues of DME and DME-OH in plums from independent trials in the USA with two 
applications of 0.27–0.29 kg ai/ha at a total application rate of 0.55–0.57 kg ai/ha with a PHI of 12–14 
days were (n = 5): < 0.18 (5) mg/kg. 

Total residues of DME and DME-OH in peaches from independent trials in the USA with two 
applications of 0.27–0.31 kg ai/ha at a total application rate of 0.54–0.61 kg ai/ha with a PHI of 12–15 
days were (n = 7): < 0.18 (7) mg/kg. 

Since total residues of DME and DME-OH in cherries, plums and peaches from the 2 × treated 
plots were all < 0.18 mg/kg, the Meeting agreed to estimate a maximum residue level of 0.2 (*) mg/kg 
for the group of stone fruits. 

Bush berries, Subgroup of 

The critical GAP for bush berries (high bush) in the USA allows four directed ground sprays of 0.14 kg 
ai/ha with a maximum seasonal rate of 0.56 kg ai/ha and a PHI of 14 days. 

Data were available from supervised trials on blueberries in Canada and the USA. 

Total residues of DME and DME-OH in blueberries (high bush varieties) from independent 
trials in Canada and the USA with two applications of 0.27–0.30 kg ai/ha at a total application rate of 
0.54–0.60 kg ai/ha with a PHI of 13–15 days were (n = 7): < 0.18 (7) mg/kg. 

Since total residues of DME and DME-OH in blueberries (high bush varieties) from the 2 × 
treated plots were all < 0.18 mg/kg, the Meeting agreed to estimate a maximum residue level of 
0.2 (*) mg/kg for the subgroup of bush berries. 

The Meeting noted that the US GAP also covered high bush cranberries and elderberry, listed 
in the Codex Classification as Guelder rose (Viburnum opulus L.) and elderberries (Sambucus spp.) in 
the subgroup of large shrub/tree berries, and agreed to extrapolate a maximum residue level of 
0.2 (*) mg/kg for Guelder rose and elderberries. 

Low growing berries, Subgroup of 

Cranberry 

Data were available from supervised trials on cranberries in the USA. 

The critical GAP for cranberry in the USA allows four spray applications of 0.14 kg ai/ha with 
a maximum seasonal rate of 0.56 kg ai/ha and a PHI of 30 days. 

The trials on cranberries in the USA did not match the GAP. 

The Meeting could not estimate a maximum residue level for clethodim in cranberry. 

Strawberry 

Data were available from supervised trials on strawberries in Germany, the UK and the USA. 

The critical GAP for strawberry in the USA allows four spray applications of 0.14 kg ai/ha with 
a maximum seasonal rate of 0.56 kg ai/ha and a PHI of 4 days. 
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The trials on strawberries in the USA did not match the GAP. 

The critical GAP for strawberry in the Netherlands allows one spray application of 0.24 kg ai/ha 
with a PHI of 30 days. 

Total residues of DME and DME-OH in strawberries from independent trials in Germany and 
the UK matching GAP in the Netherlands were (n = 8): 0.07, 0.09 (2), 0.13, 0.16, 0.19 and 
0.22 (2) mg/kg. 

Based on the residues in strawberries from trials in Germany and the UK, the Meeting estimated 
a maximum residue level of 0.5 mg/kg for strawberry. 

Bulb onions, Subgroup of 

Data were available from supervised trials on onion in Norway. 

The critical GAP for onions in the Netherlands allows one application of 0.24 kg ai/ha with a 
PHI of 56 days. 

The trials on onions in Norway did not match the GAP.  

The Meeting could not estimate a maximum residue level for clethodim in bulb onions. 

The Meeting withdrew the previous recommendation for onion and garlic of 0.5 mg/kg. 

Flowerhead Brassicas, Subgroup of 

Broccoli 

Data were available from supervised trials on broccoli in the USA. 

The critical GAP for brassica head and stem vegetables in the USA allows four spray 
applications of 0.14 kg ai/ha with a maximum seasonal rate of 0.56 kg ai/ha and a PHI of 30 days. 

The trials on broccoli in the USA did not match the GAP. 

The Meeting could not estimate a maximum residue level for clethodim in broccoli. 

Head Brassicas, Subgroup of 

Cabbage, Head 

Data were available from supervised trials on head cabbage in Australia and European countries. 

The GAP for cabbages in Australia allows one spray application of 0.12 kg ai/ha with a PHI of 
7 days. 

Total residues of DME and DME-OH in head cabbage from independent trials in Australia 
matching the Australian GAP were (n = 1): 0.07 mg/kg and the total residues at two times the GAP rate 
were (n = 1): 0.20 mg/kg. 

The critical GAP for head cabbage in the Netherlands allows one spray application of 0.24 kg 
ai/ha with a PHI of 28 days. 

Since the methods of analysis in the European trials did not measure all analytes in the 
clethodim residue definition, the Meeting could not estimate a maximum residue level for clethodim in 
the Subgroup of head brassicas. 

Fruiting vegetables, Cucurbits – Cucumber and Summer squashes, Subgroup of 

Cucumber 

Data were available from supervised trials on cucumber in the USA. 
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The critical GAP for cucurbits in the USA allows four spray applications of 0.14 kg ai/ha with 
a maximum seasonal rate of 0.56 kg ai/ha and a PHI of 14 days. 

Total residues of DME and DME-OH in cucumber from independent trials in the USA with 
two applications of 0.28 kg ai/ha at a total application rate of 0.56 kg ai/ha with a PHI of 13–14 days 
were (n = 6): < 0.27 (6) mg/kg. 

Since total residues of DME and DME-OH in cucumber from the 2 × treated plots were all 
< 0.27 mg/kg, the Meeting agreed to estimate a maximum residue level of 0.3 (*) mg/kg for cucumber. 

Lettuce, Head 

Data were available from supervised trials on head lettuce in the USA. 

The critical GAP for leafy greens in the USA allows four spray applications of 0.14 kg ai/ha 
with a maximum seasonal rate of 0.56 kg ai/ha and a PHI of 14 days. 

The trials on head lettuce in the USA did not match the GAP. 

The Meeting could not estimate a maximum residue level for clethodim in leafy greens. 

Dry beans, Subgroup of 

Data were available from supervised trials on dry beans in European countries. 

The critical GAP for dry beans in Croatia allows one spray application of 0.25 kg ai/ha with a 
PHI of 42 days. 

The trials on dry beans in France, Spain and the UK did not match the GAP and the methods 
of analysis in the European trials did not measure all analytes in the clethodim residue definition. 

The Meeting could not estimate a maximum residue level for clethodim in the Subgroup of dry 
beans. 

The Meeting withdrew the previous recommendation for beans (dry) of 2 mg/kg. 

Dry peas, Subgroup of 

Data were available from supervised trials on dry peas in European countries and the USA. 

The GAP for dry peas in the USA allows 2–4 spray applications of up to 0.27 kg ai/ha at a 
maximum seasonal rate of 0.54 kg ai/ha with a PHI of 30 days, which leads to a critical GAP of 2 
applications at 0.27 kg ai/ha. 

The trials on dry peas in the USA did not match the GAP. 

The critical GAP for dry peas in Slovakia allows one spray application of 0.26 kg ai/ha at 
application timing of BBCH 12–30. 

The trials on dry peas in France did not match the GAP. The methods of analysis in the other 
European trials did not measure all analytes in the clethodim residue definition. 

The Meeting could not estimate a maximum residue level for clethodim in the Subgroup of dry 
peas. 

The Meeting withdrew the previous recommendation for field peas (dry) of 2 mg/kg. 

Root vegetables, Subgroup of 

Carrot 

Data were available from supervised trials on carrot in European countries and the USA. 

The critical GAP for carrot in the USA allows four spray applications of 0.14 kg ai/ha with a 
maximum seasonal rate of 0.56 kg ai/ha and a PHI of 30 days. 
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The trials on carrot in the USA did not match the GAP. 

The critical GAP for carrot in Slovakia allows one spray application of 0.24 kg ai/ha with a PHI 
of 40 days. 

The trials on carrot in European countries did not match the GAP and the methods of analysis 
in the European trials did not measure all analytes in the clethodim residue definition. 

The Meeting could not estimate a maximum residue level for clethodim in carrot. 

Other stalk and stem vegetables, Subgroup of 

Artichoke, globe 

Data were available from supervised trials on artichoke in Greece, Spain and the USA. 

The critical GAP for artichoke in the USA allows four spray applications of 0.14 kg ai/ha with 
a maximum seasonal rate of 0.56 kg ai/ha and a PHI of 5 days. 

The trials on artichoke in the USA did not match the GAP. 

The critical GAP for artichoke in Spain allows one spray application of 0.18 kg ai/ha with a 
PHI of 40 days. 

Since the methods of analysis in the trials conducted in Greece and Spain did not measure all 
analytes in the clethodim residue definition, the Meeting could not estimate a maximum residue level 
for clethodim in artichoke, globe. 

Small seed oilseeds, Subgroup of 

Rape seed 

Data were available from supervised trials on rape seed in Canada, France, the UK, and the USA. 

The critical GAP for rape seed (winter rape) in Slovakia allows one spray application of 0.26 kg 
ai/ha (for spring application) at an application timing of BBCH 12–30.  

The trials on rape seeds in France and the UK did not match the GAP. 

The critical GAP for rape seed in the USA allows an application rate of 0.11 kg ai/ha with a 
maximum seasonal rate of 0.28 kg ai/ha and a PHI of 70 days. 

Total residues of DME and DME-OH in rape seeds from independent trials in Canada and the 
USA matching the US GAP were (n = 4): 0.25 (3) and 0.50 mg/kg. However, the trials for rape seeds 
in Canada and the USA were insufficient to estimate a maximum residue level for the commodity. 

The Meeting could not estimate a maximum residue level for clethodim in rape seed. 

The Meeting withdrew the previous recommendation for rape seed of 0.5 mg/kg, rape seed 
crude oil of 0.5 (*) mg/kg and rape seed edible oil of 0.5 (*) mg/kg. 

Hops, dry 

Data were available from supervised trials on dried hops in the USA. 

The critical GAP for hops in the USA allows four spray applications of 0.14 kg ai/ha with a 
maximum seasonal rate of 0.56 kg ai/ha and a PHI of 21 days. 

Since the methods of analysis in the US trials did not measure all analytes in the clethodim 
residue definition, the Meeting could not estimate a maximum residue level for clethodim in hops, dry. 
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Residues in animal feeds 

Legume animal feeds 

Bean fodder 

Data were available from supervised trials on bean fodder in France, Spain and the UK. 

The critical GAP for beans in Croatia allows one spray application of 0.25 kg ai/ha with a PHI 
of 42 days. 

The trials on bean fodder in France, Spain and the UK did not match the GAP. 

The Meeting could not estimate a maximum residue level for clethodim in the Subgroup of 
bean fodder. 

The Meeting withdrew the previous recommendation for bean fodder of 10 mg/kg. 

Bean forage 

Data were available from supervised trials on bean forage in France, Spain and UK. 

The critical GAP for beans in Croatia allows one spray application of 0.25 kg ai/ha and no 
instruction for feeding. 

Since the methods of analysis in the trials conducted in France, Spain and the UK did not 
measure all analytes in the clethodim residue definition, the Meeting could not estimate a maximum 
residue level for clethodim in bean forage. 

Pea fodder 

Data were available from supervised trials on pea fodder in European countries and the USA. 

The critical GAP for peas in Slovakia allows one spray application of 0.26 kg ai/ha at 
application timing of BBCH 12–30. 

The trials on pea fodder in France did not match the GAP. 

The methods of analysis in the other European trials did not measure all analytes in the 
clethodim residue definition. 

The Meeting could not estimate a maximum residue level for clethodim in pea fodder. 

Pea vines 

Data were available from supervised trials on pea vines in European countries. 

The critical GAP for peas in Slovakia allows one spray application of 0.26 kg ai/ha at 
application timing of BBCH 12–30. 

Since the methods of analysis in the European trials did not measure all analytes in the 
clethodim residue definition, the Meeting could not estimate a maximum residue level for clethodim in 
pea vines. 

Fate of residues during processing 

High temperature hydrolysis 

The hydrolytic stability of [14C]-clethodim and [14C]-clethodim sulfoxide was studied under conditions 
of high temperature in sterile aqueous buffers at pH 4, 5 and 6 for periods of up to 60 minutes to simulate 
common processing practices (pasteurization, baking/boiling, and sterilization). 
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At pH 4 with heating at 90 °C for 20 min, clethodim degraded to clethodim oxazole (14% AR). 
At pH 5 with heating at 100 °C for 60 min and at pH 6 at 120 °C for 20 min, clethodim oxazole was 
formed with amounts of 80% and 96% AR, respectively, and an additional degradation product, 
clethodim trione with amounts of 5.4% and 3.8% AR, respectively. 

At pH 4, 5 and 6 with heating, clethodim sulfoxide degraded to clethodim oxazole sulfoxide 
(89, 94 and 98% AR), and an additional degradation product, clethodim trione sulfoxide with amounts 
of 6.9%, 5.5% and 2.7% AR, respectively. 

Residues in processed commodities 

The Meeting received information on the fate of clethodim residues during processing of apples, plums 
and oilseed rape. 

Although the studies on apples and plums were conducted at an exaggerated application rate 
compared to GAP, residues of clethodim determined as DME and DME-OH in the RAC and the 
processed fractions (apple: juice and pomace, plum: dried) were all below the respective LOQs of 
0.095 mg/kg for DME and 0.088 mg/kg for DME-OH. Processing factors for apple juice, apple pomace 
and dried plum could not be established. 

Processing studies on rape seed did not indicate concentration of residues in the oil. 

Residues in animal commodities 

Farm animal feeding studies 

The Meeting received a lactating dairy cow and a laying hen feeding studies, which provided 
information on likely residues resulting in animal commodities, milk and eggs from clethodim and 
clethodim sulfoxide residues in the animal diet. 

Lactating dairy cows 

Holstein/Friesian dairy cows were dosed with 5% clethodim and 95% clethodim sulfoxide for 28 days 
at the equivalent of 0.53, 1.7 and 5.7 ppm for clethodim and 10, 32 and 107 ppm for clethodim sulfoxide 
in the diet. Residues of DME-OH were below the LOQ in milk (< 0.013 mg eq/kg) and tissues (liver, 
kidney, muscle and fat: < 0.05 mg eq/kg) at all feeding levels. Residues of S-methyl DME were below 
the LOQ in milk (< 0.013 mg eq/kg) at the 0.53/10 ppm and 1.7/32 ppm feeding levels, below the LOQ 
in muscle and fat (< 0.05 mg eq/kg) at all feeding levels and were detected in milk (< 0.013–
0.032 mg eq/kg), liver (< 0.05–0.087 mg eq/kg) and kidney (< 0.05–0.078 mg eq/kg) at the highest 
feeding level (5.7/107 ppm).  

Residues of DME (expressed as clethodim) were below the LOQ (< 0.05 mg eq/kg) in muscle 
and fat at the 0.53/10 ppm and 1.7/32 ppm feeding levels. Whole milk contained no residue 
(< 0.013 mg eq/kg) of DME at the 0.53/10 ppm feeding level. Residues of DME in whole milk achieved 
a plateau concentration of < 0.013–0.033 mg eq/kg at the 1.7/32 ppm feeding level and 0.035–
0.081 mg eq/kg at the 5.7/107 ppm feeding level. 

Residues of DME in liver and kidney were < 0.05–0.059 mg eq/kg at the 0.53/10 ppm feeding 
level, 0.070–0.17 mg/kg at the 1.7/32 ppm feeding level and 0.22–0.54 mg/kg at the 5.7/107 ppm 
feeding level. 

Laying hens 

Laying hens were dosed with 5% clethodim and 95% clethodim sulfoxide for 28 days at the equivalent 
of 0.74, 1.9 and 5.5 ppm for clethodim and 11, 34 and 108 ppm for clethodim sulfoxide in the diet. 
Residues of DME-OH and S-methyl DME were below the LOQ (0.1 mg/kg) in eggs, liver, muscle and 
fat at all feeding levels. 
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Residues of DME (expressed as clethodim) were below the LOQ (0.1 mg/kg) in liver, muscle 
and fat at all feeding levels. Eggs contained no residue (< 0.1 mg/kg) of DME at the 0.74/11 ppm and 
the 1.9/34 ppm feeding level. Residues of DME in eggs achieved a plateau concentration of 0.14–
0.24 mg/kg at the 5.5/108 ppm feeding level. 

Farm animal dietary burden 

Dietary burdens were calculated for beef cattle, dairy cattle, broilers and laying poultry based on feed 
items evaluated by the JMPR. 

The only potential feed item was apple wet pomace. Total residues of DME and DME-OH in 
apple wet pomace are expected to be below the LOQ as residues in apple fruits are below the LOQ. 

Animal commodity maximum residue levels 

The dietary burden for beef and dairy cattle is 0 ppm. No residues of DME are expected in any tissues 
or milk. No feed items for poultry were applicable. 

The Meeting estimated maximum residue levels at the LOQ of 0.02 (*) mg/kg for milk and 
0.05 (*) mg/kg for mammalian meat and mammalian edible offal to replace the previous 
recommendations for milk of 0.05 (*) mg/kg, mammalian meat of 0.2 (*) mg/kg and mammalian edible 
offal of 0.2 (*) mg/kg. The Meeting estimated a maximum residue level of 0.05 (*) mg/kg for 
mammalian fat. 

The Meeting estimated maximum residue levels of 0.1 (*) mg/kg for eggs, poultry meat and 
poultry, edible offal to replace the previous recommendations for eggs of 0.05 (*) mg/kg, poultry meat 
of 0.2 (*) mg/kg and edible offal of poultry of 0.2 (*) mg/kg. The Meeting estimated a maximum residue 
level of 0.1 (*) mg/kg for poultry fat. 

 

RECOMMENDATIONS 

Definition of the residue for compliance with the MRL for plant commodities: Sum of clethodim and 
its metabolites convertible to dimethyl 3-[2-(ethylsulfonyl)propyl]-pentanedioate (DME) and dimethyl 
3-[2-(ethylsulfonyl)propyl]-3-hydroxy-pentanedioate (DME-OH), expressed as clethodim. 

Definition of the residue for compliance with the MRL for animal commodities: Sum of 
clethodim and its metabolites convertible to dimethyl 3-[2-(ethylsulfonyl)propyl]-pentanedioate 
(DME), expressed as clethodim. 

The residue is fat-soluble. 

Definition of the residue for dietary risk assessment for plant and animal commodities: A 
conclusion could not be reached 

DIETARY RISK ASSESSMENT 

Because the Meeting was unable to conclude on the toxicological relevance of the metabolites 
clethodim sulfone, clethodim oxazole sulfoxide, M19R and M15A, the Meeting could not reach a 
conclusion on the residue definitions for dietary risk assessment for plant and animal commodities. 

As a result, long-term and acute dietary risk assessments could not be conducted.  

 


