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Table 1. Common metabolic pathways of pesticides in plants (I1- 14, 19, 22)

Phase Reaction Example
Oxidation
hydroxylation bifenthrin — 4-OH-bifenthrin
dealkylation carbosulfan — carbofuran
oxidative deamination metribuzin — DADKY
sulfoxidation clethodim — clethodim sulfoxide — clethodim sulfone
desulfuration dimethoate — omethoate
epoxidation captan — captan epoxide
Phase | Reduction
nitroreduction parathion — amino parathion
other reduction triadimefon — triadimenol
Hydrolysis
ester MCPB-ethyl — MCPB
amide acephate — methamidophos
nitrile sulfoxaflor — X11719474%
other cleavage captan — THPI® + thiophosgene
Conjugation
Phase II glucose 2,4-D — 2,4-DCP glucose conjugate
amino acid atrazine — atrazine glutathione conjugate
Secondary conjugation
Phase II1 glucose sulfoxaflor — X11863595%
malonate fenpropimorph — fenpropimorph-malonylglucoside

D 6-tert-butyl-1,2,4-triazin-3,5(2H,4H)-dione

) 1-[methyl(oxido){ 1-[6-(trifluoromethyl)pyridin-3-yl]ethyl}- A%-sulfanylidene]urea

$1,2,3,6-tetrahydrophthalimide

4 1-[6-(trifluoromethyl)pyridin-3-y1]-D-glucopyranoside (Glucose conjugate of X11721061)
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Table 2. Crops and crop groups in crops
metabolism studies (19

Group Code Crop

Cereal/Grass Cereals

crops Grass and forage crops

Legume vegetables
Pulses

Oilseeds

Peanuts

Legume fodder crops
Cacao beans
Coffee beans
Brassica vegetables
Leafy vegetables
Stem vegetables
Hops

Tobacco

Pulses and
) P/O
oilseeds

Leafy crops L

Root crops R Root and tuber vegetables
P Bulb vegetables

Citrus fruits
Pome fruits
Stone fruits
Small fruits
Berries
Grapes
Banana

Fruits F

Tree nuts
Fruiting vegetables
Persimmon
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Table 3. Analyzed part of RACs

in crop

metabolism studies

Crop Raw Agricultural Commodity

Apple fruit

Asparagus spears (stems)

Banana whole fruit

Barley grain, hay, straw

Bean bean, succulent seed

Beet, sugar root, tops (leaves)

Broccoli flower head and stem

Brussels sprouts  leaf sprouts

Cabbage fresh, w/wrapper leaves

Carrot root

Cauliflower flower head, stem

Celery untrimmed leaf stalk (petiole)

Citrus fruit, whole

Coconut coconut (meat and liquid
combined)

Corn, sweet sweet corn, (K+CWHR), forage,
stover

Cotton undelinted seed, cotton gin by-
products

Cucumber fruit

Eggplant fruit

Grape fruit

Hops hops cones, dried

Lettuce, head
Lettuce, leaf
Mung bean
Mushroom
Mustard greens
Nuts

Onion, bulb
Onion, green
Pea

Pea, field
Peach
Peanut
Radish

Rape

Rape greens
Rice
Sorghum, grain
Soybean
Spinach
Sugarcane
Tea

Tomato
Turnip
Wheat

fresh, w/wrapper leaves
leaves

bean, bean sprouts
cap and stem

greens (leaves)
nutmeat

bulb

whole plant, w/o roots
pea, succulent seed
seed, vines, hay

fruit

nutmeat, hay

root, tops (leaves)
seed, forage

greens (leaves)

grain, straw

grain, forage, stover
seed, forage, hay
leaves

cane

plucked leaves

fruit

root, tops (leaves)
grain, forage, hay, straw
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Table 4. Strategy for identification and characterization of extractable residues in crop metabolism
studies (19

Relative amount ~ Concentration Required Action
(%TRR) (mg/kg) 4

<10 <0.01 No action if no toxicological concern.

<10 0.01~0.05  Characterize. Only attempt to confirm identity if straightforward, e.g.,
a reference compound is available or the identification is known from
a previous study.

<10 >0.05 Characterization/identification needs to be decided on a case-by-case
basis taking into account how much has been identified.

> 10 <0.01 Characterize. Only attempt to confirm identity if straightforward, e.g.,
a reference compound is available or the identification is known from
a previous study.

> 10 0.01~0.05 Significant attempts to identify should be made especially if needed
to establish a pathway, ultimately characterization might be accepted.

> 10 >0.05 Identify using all possible means.

<0.05 mg/kg No additional
- <10%TRR izati
‘ Unextracted radiolabel }—.or > chara.c terlze}tlon
(toxicological
> 0.05 mg/kg or 210%TRR, consideration permitting)
whichever is greater
Dilute acid and/or base Surfactants or Sonication 6N acid and/or
(ambient temperature) ultrasonication 10N base reflux
Metabolites and Physically Labelled sugars, Final hydrolysis
conjugates encapsulated amino acids, etc., products
metabolites Labelled

B—  SAFENE 2 EEHLER (19 -

conjugates of
sugars, amino
acids, etc.

Fig. 1. Identification and characterization of unextracted residue (9.
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<10 ppb >10
No metabolism work

ppb
Extractable (with organic and/or

aqueous solvent systems).

—

Total
14C Extractables

Non-extractable

<10 ppb 10-50 ppb > 50 ppb
partition
No Chromatographic Characterize and Identify
metabolism Analysis of Activity in Both Organic
work Organosolubles and Aqueous Phases

8 - ZEEYNH RS E & E HERIRE 0 -

Fig. 2. Strategy for identification and characterization of extractable residues in crop

metabolism in the USA (20,
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Non-extractable Residues
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I
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Products of Amino Acids, etc., Encapsulated and
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8=« XEMAFEINE 2 #EHEER 0 -

Fig. 3. Identification and characterization of unextractable residue in the USA (29,
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Table 5. Crop groupings in plant metabolism
studies in the EU

Group Crop
1
Cereals Cereals
Grass and forage crops
Pulses and Legume vegetables
oilseeds Pulses
Oilseeds

Brassica vegetables

Leafy vegetables and fresh herbs
Stem vegetables

Tea

Hops

Tobacco

Leafy crops

Root and tuber vegetables
Bulb vegetables
Potatoes

Root crops

Citrus fruits

Tree nuts

Pome fruits

Stone fruits

Berries and small fruits
Fruiting vegetables
Fungi

Miscellaneous fruit
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Introduction to Data Requirements from
Plant Metabolism Studies for Pesticide

Registration
Hui-Yuan Cheng', Shu-Han Yang', Mei-Hui Cheng', Tsyr-Horng Shyu!”

Abstract

Cheng, H. Y., Yang, S. H.,, Cheng, M. H., and Shyu, T. H. 2021. Introduction to data
requirements from plant metabolism studies for pesticide registration. Taiwan Pestic. Sci. 10:
29-47.

Plant metabolism studies are required for pesticide registration in order to (1)
determine the distribution of residues, (2) identify components of the terminal residue, and
(3) elucidate the metabolic pathways when a pesticide is applied to crops with the
proposed Good Agricultural Practice (GAP). Currently, there are no guidelines for plant
metabolism studies in Taiwan. The relevant regulation in Agro-pesticides Management Act
stated that the Organization for Economic Cooperation and Development (OECD)
guidelines can be consulted. According to the OECD guideline for the testing of chemicals
No. 501 “Metabolism in crops”, the objective of plant metabolism studies is to identify and
characterize the entire Total Radioactive Residue (TRR); however, this may not be
possible in many cases. The OECD guideline also include requirements for crops, crop
groups, isotopic labeling of active ingredients, application parameters, test facilities,
sampling of crop parts, identification and characterization of residues, treatment of
unextractable amounts, and storage stability. In recent years, some countries, such as China
and Japan, have revised their test guidelines of plant metabolism with harmonizing the
OECD guidelines. Plant metabolism studies are among the most important scientific

supporting materials to assess the residue definition in crops. They are also the reference
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for determining the analysts of the enforcement analytical methods. Furthermore,
identifying plant metabolites that are not animal metabolites is also an important task to
evaluate the toxicity. This article presents concepts pertaining to plant metabolism and
related requirements described in OECD test guidelines in order to improve understanding
of the plant metabolism studies that are required for pesticide registration. The article
should be useful to both applicants and reviewers. We also provide some suggestions for
the pesticide registration authority as a reference to improve the relevant regulations in the

future.

Key words: plant metabolism, pesticide registration, residue definition, residue distribution,
total radioactive residue



