EEEEEERE (Taiwan Pesticide Science) 18 : 73-93 (2025) HiE
DOI: 10.6671/TPS.202506 (18).05

F= SR A P 72 BE P A2k 8 A Wk B ik S L T Jl
I Al 58 P R SR WA

Bl "~ WO mEH > R

i
FRlmE s A~ S A s R p 4 02025 0 REF RGP LA IR AT K B R
PG b RIERAT AN AL ELE 18173930

EEEAEY) (metabolites) & F 57 (parent compound) FAEY)EENY) e #8 4= Vi
1t (biotransformation) FE/EMIYIE » ERNIHEE TTHERBN B ESE - FEIERYN
i g N I R S & oA )~ GV K7/ B R 7 S DT i R =
AR B - — e BRI Ry R 2 - I BRI B BB m Y E) 25
R BRI E 1T EEAL - AR YRy B 31 At S B B 2 E AT S A B e R g —
BB A B 98 AR I B B Y s ik 9 5 & 0 (U DL 5E & SR IR R84 (active
ingredients) [RGB IR ET TG o (A1 E BRR T S2A0 28 Fe HE A TR B P a By
FFREFA S (new approach methodologies, NAMs) » 7E R AR5 BE AR Y[R -
7] T A R R B B A TH M RO TR 3K o AR SCERET BRI R & 2 /) (Buropean Food
Safety Authority, EFSA) 40 r] 3% 38 FE [K 32 £ (genotoxicity) B — % 3514 (general
toxicity) SFHEEIEAAG - MG REEBEBIBH EB A (toxicological burden) » {EFy
& B s L7 Y % (residue definition for dietary risk assessment) FHJHREEAHKIE o [t
M AT AR YRR AL B BB ISR (in silico) Bt - BLFE E &R HE T TR 4R
(quantitative structure-activity relationship, QSAR) + & X 228 (read-across) [l J:55HE
YJBA{E (threshold of toxicological concern, TTC) F T H - % @ A FF B EZE
BV PR E AR M AL SR - sREH TR A R E WL P RV E B - fREEA
R RITEE R AR KB NG HEZR ALk - et AT 2 S E — P P IThR e B
il (specific studies) ZAKIE - F@ASAIRH T REEBHYRIBIBRER - A0 —1
FEAGAESE - DUbnoE B R s B RO ARG 1 ~ fETF A RSl R R B FEIHIGE /7 - MR S IR |

R B EmE K - T TR B R SE R B R R S A e SR S LR -

PRBEG « 222 - Y - IR RS AL E # - EISEEE - B RFYIRE

B HIA : 202543 H 19 H
* SEENE# o E-mail: clliao@acri.gov.tw
DR RS SEEEYEER



T4 EEEREERIS G 18 1Y)

HI S

TEVEVIRES B2 KA e S F I DITA TR
KEEHESE - Al REMBHESE - B
BEEENEY) Btk - AlRE it EY B Eh e
A (FHREYEEEREYR) R hE
f'E - KRR E BN
k HE R # Y
(metabolites) ~ 43 fi#¥) (degradetes) F1EH:
i L EY) - $HEHMER RN S — A
HEITH R R R EEAL - DUEIR A B R R 5
HH A R B2 TR RE W) 2 75 A AT 22 2 1 R o o [
A (8.26.28) o FREER A AR AT RERE 4T
PSR A b - EARNAEY R E
J&43 (parent compound) i EhFH ) #E RIS
A wiE{l, (biotransformation) Y, H SRERIHE
IR G 1 TEZHUFBT - AR
YRy o 1 8 B T 0 7 1 A B
& - HELEEE T - hlge@Ed A ve
151t (metabolic activation) &R EE M5
mEcE A EEE R AEY ¢S
9 BIANBKGERAL (acephate) R L S5
M SR E MY (methamidophos) @4 » )
e Hi ARG EL R R (dithiocarbamates)
HIAREH Y ER D Z Bk (ethylenethiourea,
ETU) HIJ 55 &5 Eh %) 7 A= SO IR B g e I
FEREHIAHR > - R R AT 50y
Y& 28RS - OGRS -
MagE 7 ~ TEVISCEN IR s3 A ~ TR
By e H A BR R R 55 HEREER A
et » B e 2 5 =0 R AE R 250

(active ingredient)

1Bt F 2 58 & I i 35 05 =0 4 2 AU
Yy o BIANAE TR - REEE LT
AR A ) AR IS 1 WA ST i ) I S oy 2 L At S
fi7 - RS T RS AU R R R B - H
W REAE R S A A - KA R 5
JR R R AL B B - FERE R EE R R
=W EY) R B BB n A - TR
LR LIRS R TR R o AT B IR IR - i
THEHEFFMMR AL CRYER
(residue definition) % ¥ ERYRIEREFE G 8
260 o IR BRI E FAKAN E H Yo Ty g
Mo AR TOHLR B EE AL R OE &
(residue definition for dietary risk assessment) |
K THFEEGBEEER (residue
definition for MRL enforcement) ; * i
BRI VIR 1 e 2 B B A e i R s
ARTEE R R R - MRE e EAE ]

PV EVIRT & B BEE F 5 iR A AE AT
HE (B R) - K2 DR T Ry
T HFEMEZE b ik n AT - MR e ST Al
IR R E 22 - AR SR 1 R R BE R
Y B B e v] B AR R R oy
B SR Y E M B E BT RE R 9
SHMETEE B R EEAEHY) T RE 2 HoAth
= H S s o Bl B
(carbendazim) [RA B B H KA 574 0
& % FE 15 (benomyl) E HH EL 2% {7 13
(thiophanate-methyl) A {EY) it FH #% 2 AEHY
REY @ o AT RS FEAL R e =0y
B2 E IR R E R A 09
SRIMAESS AT A B B B Bh Vit AT 2
- AP R B R N A R



Jor 5E B o BEE LR AL a B B b S i
J& - BIFEBH S 1Rk 2 A i B B E)
NI T =W = AV IS
methodologies, NAMs) » H [ #& #f B B2
FHER R EE LB RERA TR 52 © - BilA0 H A
B oAl 2 E &R B R
(quantitative structure-activity relationship,
QSAR) FHEFTHREVIEE R FEEFEAL (1032 -
WA N SRR R EEE EN R
AR - EAEPIEIRE L B B A S
A+ #ER B H 4 E R G Y A de
FIVEAE JUE » TR I AR SO A1 # B R
g E AL R R E FAYREMITR AL - MRS
PRE At T RE RN - B0 5 P R ISR
B 37 Al 5L K 52 1 b JE ) 55 B R YT B (H
(threshold of toxicological concern, TTC) 2K
A THINRAE - DURE T 1% 48 i i B 3R
WERIRE - B R AN SO G A R B B
BIFHBRAME S AL - ISR AR AT A B A7 5
se s AP 2 B AT Ak I g U0 - M
I 1) B B B8 R o 3 £k 9 7% B [l %
B RF & B mEE R o

Wl L 0 G A 558 T S 2 Bk
ST

IR I BR BE AV PR FE 7 o b iR
(EC No 1107/2009) » E REEH U3 B i
IF - FHEE EAE 28 50 BRI M A J g A 72
HESRHERARERZER © - BUNRML 2R
(European Food Safety Authority, EFSA) #%
AR R B AP AL R B e (TR T3¢

(new approach

REEREYC BRBRTAL 75

R FEASIRAR - B B b A F R IR 18
REE LRI (Weight of Evidence, WoE) ff(H}
ALY RS SR - TRAE S he 3 il - A AH
19 {EAER 9 - K 1 - @ ZAEYIE
B EE K 3 (genotoxicity) JHIERAX
Bho BEAH 2 0 BEAN — M (general
toxicity) HIFALES - DUNGT RS
BN BHEFE M AYE (toxicological burden)
HJERL (contribution) ; #4H 3 : fEHIENE
JR B B A TR R E A I AR 0 R BEET
Al PRAZ AR — » NIz S 350 {18 J!) 45 0 5 3t 40
T

B 1 (ERBEFNME) 0 P 1]
RHEY) B & e Eh A a B Pl e
MRV RBERERER (BEVHRIEY
(primary crop) ~ #E{E/EY) ~ &2 N T
FE ) - MG R A B e (R B H AN T A
BKFEM - PER 2] - PR EIE
HLEY  BIUNBESREYREY
(biopolymer) %5 o 2K 3] : fERRE AL
BYVE B R R
i ve KB YR - IEEES 2
B 9] RREVEANEGWABRY ER
R HLEU B B A T — 0 PR UE B
T+ DAHRBR I B 35 ik 5 s HAE T B AE &
b o (B 4] ¢ IR THUS B RERE
FFDUPERS A ) L R 3 e e 1 - o A
YR E 3 BE (specific studies) * R &%
E T mEEAEESEA - — R DE
BEHYAKENEY® EKE
(toxicokinetics) ## SR A1F B HEAG KB @D »
w HARAE Y E B 12 e Y o3 A



76 EEEEERIS G 18 1Y)

Step 3
Step 1 and Step 2 3
P T = Metabolite is Step 9
Mf:ﬁ::: :::'::;;f’ = :I’d;" classified as Further actions by risk <
Exclusion of metabolites ofno concem genotoxic?, managers case by case
NO 4 YES
s e
<y | Module 1: Assessment of genotoxicity |
genotoxicity
characterised], Step S and Step 6
(Q)SAR. Prediction ep 7 (optional
Read across: Genotoxicity Combined exposre Step8 . )
prwﬁlin;gnd grouping of FREDICTED (afer grouping) > Testing battery on Genotoxicological
nm_abohles (m:lu_dang GENOTOXIC OR TTCgenotox OR Eroup representative
major ral metabolites) INCONCLUSIVE i ive?

FREDICTED
NON-GENOTOXIC

Step 12

Step 13

Major metabolite in food®

or in processing study®
?

Plant metabolite in
food or processing

ADI (parent)

<0.01 mp'kg bw per day OR
(pareat)

<0.025 mg/kg bw?

Step17 Step 18
Testing strategy (if required), » oftoxicological burden and |
poss o Frrmet by, :

to the toxicological burden

Step 14
Major metabolite in
feed)?

intake{parent and major

= 2

animal commodities @7

Plant metabolite in
fieed

Module 3: Decision on residue definition lﬁ
Step 19
Residue ition(sum of comp form = 75% of 1cal burden))

(a) Major metabolites in food of plant origin: TRR = 10% and amount = 0.01 mg/kg OR. (if TRR < 10%) amount > 0.05 mg/kg.

(b) Major metabolite in nature of processing studies: TRR = 10%.

(c) Major metabolites in feed: TRR = 10% and amount > 0.01 mg/kg.

(d) Major metabolites in animal ¢ dities: TRR = 10% for non-potent substances; TRR = 10% OR amount > 0.01 mg/kg for potent substances at IN.

B— BUNERRERARNEBARNGEEREERETR -

Fig. 1. Decision scheme for residue definition for dietary risk assessment from EFSA (4,
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Table 1. Example calculation of relative potency factors (RPFs) and toxicological burden to

establish residue definitions for dietary risk assessments

(14)

Group A: Metabolites qualitatively similar to the
parent compound

Group B: Metabolites qualitatively different to
the parent compound

Parent compound/ M01/ M02
Endpoint: liver effects

MO3 (lead metabolite)/ M04/ M05
Endpoint: kidney effects

RPFs %TRR RPFs %TRR

Parent RPFa=1 10%  MO03 RPFp=1 18%
compound NOAEL: 10 mg/kg bw/day NOAEL: 20 mg/kg bw/day
MOl RPFA=0.5 15%  Mo04 RPFp=1 15%

NOAEL: 20 mg/kg bw/day NOAEL: 20 mg/kg bw/day
MO02 RPFA=2 10%  MO5 RPFp=1 12%

NOAEL: 5 mg/kg bw/day NOAEL: 20 mg/kg bw/day

RRV

RRYV group A/group A =1
(NOAEL: parent compound/ parent compound)

RRYV group A/group B =0.5
(NOAEL: parent compound/ M03)

Toxicological burden = (XRPFi x %TRRi x RRVi)

Parent + MO1 + MO02 + MO3 +

M04 +

MO5

(1x10x1) + (0.5x15x1) + (2x10x1) + (1x18%0.5) + (1x15x0.5) + (1x12x0.5) = 60

set to 100% (1.66x)

Relative toxicological burden of potentially relevant compounds (%)

Parent: 17% (x1.66)
MO1: 12% (%1.66)
MO02: 33% (x1.66)
MO03: 15% (x1.66)
MO04: 12% (x1.66)
MO5: 10% (x1.66)

Residue definition

Parent + MO1+M02+MO3 (representing 77% of the toxicological burden)
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HEHBERS ~ MOL ~ M02 Jz MO03 »
SVYIE L EYIRE T 77% B adE - E15
FEE - B 75% BIEIEAER o5
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Cooperation and Development, OECD) $}f4*
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MAL&%) (innocuous chemicals) € # 58
B AR BRI I WA AR A RSR H (14.26)

&~” - KEYMARRRRTEEREERTEER (420

Table 2. Key to determine whether a metabolite should be included in the residue definition for

dietary risk assessment (!4 26)

High relevant

Low relevant

Potential for Major metabolite

Minor metabolite

Exposure (>10% TRR and >0.01 ppm) (<10% TRR and <0.05 ppm)
(<10% TRR and >0.05 ppm)
Found in which are edible Found in non-edible parts of
commodities and/or animal feeds commodities, predominantly in animal
feeds rather than commodities that are
human foods
Parent compound was non-detectable,
but metabolites were found in high
levels in metabolism studies
Toxicity High Potency of parent compound Low Potency of parent compound
Considerations

Found only in metabolism studies of

crops

Found both in crops and toxicokinetic
studies of lab animals in significant
quantities

Sum of compounds comprising > 75%
of the toxicological burden should be
considered relevant for inclusion into

the residue definition

More hydrophilic and likely to be more
rapidly excreted than the parent

Metabolite/degradate structure is similar

to innocuous chemicals
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CAIFEY B L e RS RE - Qe ARIB B S
) 2 5% (o0 (L S S Aol it B LB - BRI o2 B A
RN aE RS RIS AR
- S L Y S SR S e A
=RE - REHIREYENR= O -
® 55 —JE{LE ML (Class 1)« fb 224 g fi
B BEERAHEE N - KRR
C kLS
® U5 HMLERNL (Class 10) @ HERE AL
Class | Z8¥Y)/E ft5E » {HoR& E Class 111
HHEVE (3 M RS S R 1



REEREY TR RTAL 83

R= - Cramer FERRHNCEREHIER 17

Table 3. Structural classes for chemicals proposed in the Cramer scheme 717

class characteristics contained chemical structures

I Substances with simple chemical simply-branched, acyclic aliphatic hydrocarbons;
structures and for which efficient modes =~ common carbohydrates;
of metabolism exist, suggesting a low common terpenes; substances that are sulfonate or
order of oral toxicity sulfamate salts, without any free primary amines

I Substances which possess structures that  no functional groups other than
are less innocuous than Class I alcohol, aldehyde, side-chain ketone, acid, ester,
substances, but do not contain structural or sodium, potassium or calcium sulfonate or
features suggestive of toxicity like those  sulfamate, or acyclic acetal or ketal and are either
substances in Class I1I a monocycloalkanone or a bicyclic substance with

or without a ring ketone
I Substances with chemical structures that ~ contain elements other than carbon, hydrogen,

permit no strong initial presumption of
safety or may even
suggest significant toxicity or have

reactive functional groups

oxygen, nitrogen or divalent sulfur; certain
benzene derivatives; certain heterocyclic
substances; aliphatic substances containing more

than three types of functional groups

® U5 = H{L B4 (Class 1ID) : HAG HHEHA
M B EER WS AR AR ETE
REE - EEEHIEIE S A - & o A
B AEBR LAY TSR -
FH TTC F¥Adk i B s fife e 1 AH K
R FIFRE MY =8B E - EFSA &¥f
A TTC BIBREEMELT TEASAYEFEAS 07
TTC BHEF ZERE =% Cramer FitEHHY
b2 NOAEL #8431 » A8 Munro %

AWFFE 0718295 H{ij TTC HAEHHEHES
T3~ Bah o BRI BRI BEEEERT

613 FEARIN A RIFHEHEHE LR
LR - 3 BIEHE 137 28 R1448 FH 1~ 11
0 A BN, - SR EECES, - RiE
HHERE - R R AT R R R ST

) NOAEL - 7E A [AI B 11 Ak 2 AL 52 S iy
NOAEL H » K E S T 5 HE
I8 NOAEL U » A FERLEL 100 f5HY
AEERTFERARRERREZE R &N
TTC - f& 3 FALB M - ZFEEHE®
(organophosphates) MYIEWNE 5 JHE o
fii NOAEL @ B H M #8521 Fy
1B [RLIEL 1 355 A R fole 20 5 e 5 Y 158 Wl
(carbamates) i€ 55 4 BE 58 L 2 A 3R
HEARIARI TTCRRME - S0 E 2 B AL

FRIRITE W) B H Rt & A % B O BUE

AR - $HE EEEIER DNA RIEZK
Ze @ Y'E  (DNA-reactive mutagens) £ 35%
RE IR STHY TTC BRME - HRREZEHE Ry
RIZEVIRIE R 72 R R R 50% BhYEL



84 EEMESSERIE 4 18 1Y)

FETI & (TDso) B FF DAKR I SN 2] A 2 3
153 o A B a5 09 A (R 2 A 2
TTC BR{EEEBANRPY - HFijn] 58 iR EEAd
Cramer 43 EMEREE T EALHE OECD QSAR
Toolbox Jz Toxtree 55 » & & A [EIAVEREE T
ELCGN AR BB A R » AR BB AR B 3R A
A JE ) B A P RE S (R A AL Y B
AEAR[EIR 43 A DRI G ETEAL 5 E S A Sl 3 8%
Fir B8 FH T HAE AR S AE A - DL R
g n] iR B R TR A (17 -
S LB I E TTCBERR » T
— SR ETRBEENME - DI R
b - ZBEENMGELEEEERAFRESR
HFERIRF % & S i R 15 5 DAS M i A Ay
Fe R EbE - B b B — i b R R B AN A
[ (ERYHERFRLIBEELG TR
e o BYENLEEENR Y sEY)
PR S R - REFRE N
JIE T AIREEAR R & - [ - [EHR
RV R IR S FE R R R ry T RE M -
FRAY i = R R B W RE R B E Y2 A PRI
IR o — M ARER - Sl Wy BB AR I R 1iF
G EN R RS P RIE &R

00« REMRILE R TTC BIEC '

A ER g - B RS ST
ERV R R B R - AEHA R e R
TR EARY 0.3 53] 4 £ 2 REF -
AR ERBUHERL 5 58 R B MR R
FRIF o R Al 5] A G A B ry 8 HRUA] 1
(conversion factor) 2K HEFH YR &
17)

DABK R TTC RUFFAL AR R - A
FEAATE (1) BRFEFAL P E 1Y 25 1 B
TSR RS - WRE & AR BEE
AR B EEAL - AR B O EBA
RAWIFEEEEE - A TTC J5EAEH
Q) mERFHMEYEE S BN R
s/ B A 3ok AR G 78 2 22 AH B 7 1 e B B
B bR g A R o AR
TTC JFiEAEMA 5 3) mERRHEPIE 2
w8 HET TTC ST #E B — »
BR 1 AN B8 e o H A B AR E L
EEIEEEY) - EEE - FORME - U
"YE - BRYYE - TR T EERE
RHVEE ~ =BV BV A =
FEY'E (aflatoxin-like) ~ % [E & DLz H
B YERE IR E IR e

Table 4. TTC values used in different substance classification schemes > 17

classification TTC " TTC
(ng/person/day) (ng/kg bw/day)
potential DNA-reactive mutagens 0.15 0.0025
organophosphates and carbamates 18 0.3
cramer class II1 90 1.5
cramer class II 540 9.0
cramer class I 1800 30

* 60 kg body weight.
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H#EET - AURMERA A ENRER
KR TTC BIME - AR R E AN RN
AIREMEIRHR - ARG AR AT H
fthIE TTC AYFFAS TR BERIE — 2 R b
BLEHE OD -

[1. 1s the TTC aaproach applicable?

YES

2. Are these structural alerts or chemical-specific genotoxicity data,

such as Ames test results, that indicate the chemical has the

5 2 3 " Non-genotoxic considerations —
potential to be a DNA-reactive mutagenic and/or carcinogenic

go to Step 4

substance, based on the weight of evidence?

[

These steps can be taken concurrently or

YES | in reverse order, depending on the need

k.

3. Does estimated intake exceed TTC value of 0.0025 pg/kg Imfday?l

o I )

| 4. |s the compound an organophosphate or carbamate?

NO YES

5. Does estimated intake exceed TTC value of 0.3

IB_ Is the compound in Cramer Class |1I? I
pglkg bw per day?

NO YES
NO YES
A k.
R SR ——
8. Is the compound in Cramer 7. Does estimated intake | ]
Class II? :;‘::’ T;r:a";'“" of 1.5 g/ W. Low probabilityof |
Lt £ | adverse health effects |
L 1
NO YES YES
3 e e e i i r-.
10. Does estimated 9. Does estimated 1 proac
intake exceed 30 pg/kg intake exceed 9 pg/kg | - _qu'i":.:o n_ric:’ - _h_ - .!
bw per day? bw per day?

g S

B - SEBIREN SRR (7 -

Fig. 2. Flow chart used to assess thresholds of toxicological concern (TTC) (7).
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%Eﬁﬂ‘% 77 BLAH BR TR A7 & SR A R

AR B & B R R (Food
and Agriculture Organization of the United
Nations, FAO)HY 222 % 3d T H )
(Pesticide Registration Toolkit) » 15 AE/E
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VI - BB RN TR As 2 H AR 7 L
B - RIlW] RE RS ZEAR B (6 S 15 1l ¥ 58 Lk
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HEABRYERN) REHCHHYHE B <
AERTEE M O (H R R bR R ALY 58
B BEHAREE ZORIEH L EAEHY
B EE [R5 1~ s T B A 2 55 1 Al
B - DIGPAL H B EAHRAME - Y7 BEA
BAMERFAGEY L HAY Ry 1. FEAL U
TR AR - DIFIE F iy < 3
BRI A E Y~ 2. FRAE
Jl o3 12 5 B2 A ] E A - S D
LA H SR B2 SR E K 3.
TE R R E RV B FHREE (133D .

PRI A I 1 5 gt A R A BE R R L
RGNS 2015 SRR (R gER R
BahEEREXM) o YRR AR
PESERE L TRAZ AN = - BRIRAE R EEH
JEMHIE 5 fiL /5 E  (non-testing assessment
scheme) » Bl TTC A X 2 TNFEE
MR T B - G DI 28 - AR
%/ NEATE R 58 73 B E 1AL Y = TR AS B DL e

EFSA H B 55 B34S i SEAE A BT AL
feFd - TRARE A BRE A 62

[ BR 1] RBAH B A EEER
Ee R b e A e e AR B 1
Baib IR - BPAEH M R 2R - '
(1) REEEER ERS IR
HEESER  (2) REYIZEA DU £k
4y o+ ARS8 R R RS 2 25 R
= Q) KEYEEERERsS » WHE
A B E 1 B - e o FEAAR - HIE A
B TA 53 2 RPF DA 2% A8 B A Ja B A
AT s AEAN SR o M AR B 3 o
BHEEAE - B E SRS E E L 2
Ry - AIHREINGIE#H 2 E R &
®) > BN B ¢ B =W %H  (triazole) F=%E
£ [d « X # ¥ (triazole derivative
metabolites, TDM) BIZRS M E B 2 2%
PR S HE T IR JRU B A (15 192D o 2R
ik & SRR B 35 B S f vk I 15 A e A
i QIGEAE] [PER2] ; [PBR2] « B
EHEZIp iy N BN A L En = = B/
AN B~ R B R A A R A e
) DB 3] BRG [PER 2] BRI
AIREMRIEE M SoE EH & 0 FFE AT
B T P I B s 28 e X L T i AR
WY E - A RE Y AT R E R
Catfic2Hh & - [FER 4] 1 EREY
HHBRAEEY) ~ S EY) s A e
T AR H BRI 55 B I B o B (3 Al B
o BRI EAHEY RS EE 240
FEREARDUE DU BT B A X 2 5= - an
BHEE AR DL A ] 388 FH S 2 B 43 AT AS



ZBERE - DB 5] ME L T
1 R 35 AL (AR ) s BRI - HIHERR
REYETER T WEY 2T {5
o 2RISR PER 6] 5 anes RISl
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PRI — D AL BE B R i 5 (P BR 6] -
ALYV E R GRS TTC AL R - 1S
HGRIRIGE — P EH A PBE 7] ¢ A
M TTC TS TRIG - SeffiFt RBERES
i TTC KK M HIEE - A0SR E
e 2 Ha b s A2 AIFEE [PBE 8-10]
B e =X o P PR M R ke R e BB A e 2 15
HE NG IERERE - Ay IR PERR BE e ek
A AR Al 22 B8 2 Al TTC i 31k
EHIRE - B A IR GE — D 3

| 1. 1s toxicological Information on metabolite available?

6. [s the substance suitsble for analysis assessment using the TTC approach? |

} VES

NO

| VES

Evaluate svallable acute andor repeated-dese tozicity | e 1
studies Ifincenclusive |

7. Docs estimated intake exceed TTC of 00025 pg/ke bw per
day (015 pg/person per day ) for pessible genatoric
carcimogenicity?

Risk assessment possible only |
with chemdeal-specific toxicity |
data |

Likely same
toicity a pareat

1 Is the metabalite present in mowse/rat'dog metabolism? |

=S mmm e e————

¥ YES
& Are there stractural alerts that raise
concern for potential genstoxicity?

Negligible risk - at such an |

intake there would be s low |

probability that the ifetime | N

camcer risk would exceed one | NO

in a million; in additien, the : [
I
|

NO

9. Are chemicalspecific genotoxicity data, such as
DNA bimding and Ames tests, available?

l YES

imtake is >100-fold less than
the TTC values given in steps
13,15, 16 and 17

+ VES

10, Are the rsults of genotoxicity tests and/or the welght of
evidence for gemotoxicity negative, and do they indicate that the
chemical would NOT be a DNA-reactive carcinogen?

l YES

NO

l YES

| No [

11, Is the compound a carbamate or srganepbosphate that wound inhibit scetylcholinesterase?

| 4. Is read-across pssible with parent? l
YES NO

3. Evaluate possiile rele
of the metabalite im pareat
boicity; provide

l NO lw-:s

| 12. s the compound im Cramer class 117 I 13, Does estimated intake

qualitative and Establish ADI-ARMD exceed TTC of 0.3 pg/kg bw per
quanfitative assessment to YES of parent, if needed NO YES day (18 pgipervon per day) ?
the ble " -
—— NO YES
14, lsthe compound in || 15. Does estimated intake exceed mTTTTTTTTTTTT
Cramer class 117 TTC of 1.5 py/kg bw per day (90 | Risk assessment possible only with |
o o v ] o [y s | S
NO YES L.\'o —————————— -
ES l HO 16, Does exiimated intake evceed T e ———— "
L take e
Substance would mot be expected to
Provide summary of vailable TTC of 9 pyhg b per day (540 | " :
nformation: read-across with pg/person per day) ? | ]
known swhstamces; .
gemstonkcity alert; Cramer NO| | YES
class; extimate of upper bownd 17. Does estimated intake [ |
of expasure, if available; ether exceed TTC of 30 ppkg bw per ;  Risk assessment possibe only with chemical-
data, Provide summary " ; Ific toxicity dat |
i day (1500 pg/person per day) 7 L 2"____._: _____ 2
YES E___lO _____________
| Substance woukd mat be expected to be a safety I
concern I
| 6. 1 the substance suitabl for anslyss assessment using the TTC approach? | | ooy a

*Note: For compounds slready included in residue definition.

ADI: acceptable daily intake; ARID: acute reference dose; bw: bady weight; TTC: threshold of isvicological concern

8= RENAHYSEMEBMEFERE 6D o

Fig. 3. Assessment scheme to evaluate the toxicological relevance of pesticide metabolites G2,
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Novel Strategies for Toxicological
Assessment of Pesticide Metabolites and the
Establishment of Residue Definitions for
Dietary Risk Assessment in the EU.

Chun-Lin Liao'", Hui-Yuan Cheng!, Ru-Ci Huang', Yen-Chun Lo!

Abstract

Novel strategies for toxicological assessment of pesticide metabolites and the establishment of

residue definitions for dietary risk assessment in the EU. Taiwan Pestic. Sci. 18: 73-93.

Pesticide metabolites are substances that form from a parent compound in plants or
animals through biotransformation. Given the potential consumer exposure to pesticide
residues, the dietary risk assessment systems should consider both the parent compound and
metabolites' potential toxicity to comprehensively evaluate possible dietary exposure risks.
Evaluations are generally conducted on the major metabolites found in plants, especially
those not detected in metabolism studies by using laboratory animals. The risk assessment
and management of metabolites have become an emerging concern issue internationally.
However, due to costs and animal welfare considerations, it is challenging to conduct the
completely toxicological studies for pesticide metabolites according to the same standard as
active ingredients. Therefore, novel alternative methods (NAMs) that do not require animal
testing have been gradually developed internationally. NAMs are able to meet the predictive
requirements of health risk assessments while also reducing costs and saving time. This
article examines how the European Food Safety Authority (EFSA) utilizes toxicological
assessments, such as genotoxicity and general toxicity, combined with metabolism testing
data to calculate toxicological burden as a basis for decision-making residue definition for

dietary risk assessment. In addition, we introduced in silico tools applicable to metabolite
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assessments, such as quantitative structure-activity relationship (QSAR), read-across, and
threshold of toxicological concern (TTC) tools. Finally, we compiled international strategies
related to toxicological relevance assessments of pesticide metabolites and reviewed related
international regulations. In so doing, we noted the importance of metabolite evaluation in
decision-making pertaining to residue definitions. Accordingly, we proposed a domestic
assessment framework that (1) adopts innovative alternative toxicity assessment methods
and (2) provides criteria to assess whether specific toxicological studies are necessary. Our
proposed domestic assessment framework should enhance the robustness of risk
management, improve the predictive ability of the domestic dietary risk assessment system,
and better align with international standards and global trends focusing on animal welfare.

Key words: pesticide, metabolites, residue definition for dietary risk assessment, in silico,

threshold of toxicological concern (TTC)



