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Abstract Skin sensitizers are chemical substances that can elicit allergic responses or diseases in skin upon
contact. To assess of the skin sensitizing potential of chemicals, agrochemicals, and cosmetic ingredient, there
is performed animal test, such as guinea-pig maximization test (GP), buehler occluded patch test (BT) and
local lymph node assay (LLNA). However, due to the animal welfare and European Union (EU) legislation
for test of cosmetic ingredients have developed various alternatives to animal test. In chemico skin
sensitisation: Direct Peptide Reactivity Assay (DPRA, OECD Test Guideline 442C) is composed of applying
a test substance on synthetic peptides containing cysteine or lysine and determining skin sensitization
measured by reactivity of pesticides. In this study, the alternative method using DPRA was conducted for
evaluation of skin sensitization on 10 pure pesticides of concern as potential sensitizing. These results showed
that benomyl (50.00%), butachlor (27.23%), carbosulfan (50.00%), fluazinam (55.56%), pretilachlor (43.88%)
and terbufos (20.94%) were reported positive, while diazinon (1.23%), glufosinate ammonium (1.31%),
oxadiazon (1.71%) and tebuconazole (0.48%) were found negative in the DPRA method. Compared with in
vivo tests (LLNA and GP data), 6 pesticides were predicted correctly with sensitizer, whereas 4 pesticides
also correctly predicted them to be non-sensitizers. This study suggested that DPRA could be a simple, fast
and high throughput screening tool to predict on skin-sensitizing chemicals. In addition, DPRA method could
be an important part of assessment of new ingredients in agrochemical for sensitization potential.
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M B Ao FEH THE w7l | 549 deil o7 2+
do= Qe A A3tom LAY HE IFY
UM = e S5 -Asl] HsiA wekaE (allergic contact dermatitis, ACD)S 23 &= lom = o]

o wEHRDA, 2020) A7F Al 2 1049 F3E FoF DA of tist W= w$- FR3IH(Girolomoni et al., 2004;
250-3003 A3} FF EE 1,300-1,40009A0] AE-H7lE 2 Maxwell et al., 2011; Ezendam et al., 2016).

AT(Jin et al., 2018). ©] F FF] =4 H7F & AP F o7 S Hrkeb] sl /vt AEEEE Tt
el Fofo] =ZHUS o Yehvhe 542 H7lske 9 ol AREEAL 3o, o]F o] &3t 7Y 3| STis) A
52 Algol Aok woF AN Al IRE Bl A, 14 3] " (Guinea pig maximization test (GPMT), Magnusson

and Kligaman, 1969; Magnusson, 1980)2} 3% ZA]8 W
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R 93] (replacement, refinement, reduction,
3R)ell 47% o}oq(Rosholt, 2005; MFDS, 2017), AAEE7M
7] (Organization for Economic Co-operation and
Development, OECD) ¥ F+HATe] FHALTASA
B (European Union Reference Laboratory for alternative to
Animal Testing, EURL-ECVAM)l|A = 7EE I e &
SN A A28 Ael) AZEIItHEURL-ECVAM
2013; OECD, 2015a; OECD, 2015b; OECD, 2016a; OECD,
2016b; Ezendam et al., 2016). 7 B33} ¥ thAlA g
Moz vhie] Sa Y] AE ATPES Z7gsto]
7 34 ARs Bhcke S2dZdA R (Local
Lymph Node Assay, LLNA)©] OECD 7}e]=&}1o](OECD
Test Guideline 429) A= 0] w5 7H2H4 H7lol] ALEE]
o 014_ o] l:ﬂ-l:H st u],_r_/\ﬂ. .Jl_g_—(g}tt] Hl—/x]_/d %_Or]
HaE ARESloF sle ofEwol ATh ol ¢38lek DA
(developed by Daicel Chemical Industries, Ltd.)HS ©]-&
St FAgxd AJYH(LLNA: DA, OECD TG 442A) %
ELISAR® S o]83 =482 AW (LLNA: BrdU-ELISA,
OECD TG 442B)°] SA=ATHOECD, 2010a; OECD,
2010b; OECD, 2010c). =L ¥ &S ARESHA] & QA
el A2, dilE 58 AMESkE in chemico B in
vitro AE o= Wste] B4 sleledy) v oy
I A AEE o83 Hepol= g4 AP(In chemico
skin sensitisation: Direct Peptide Reactivity Assay, DPRA,
OECD TG 442C), ARE-Nrf2 FA|HZtoMA A& (In vitro
skin sensitisation: ARE-Nrf2 luciferase test method, OECD
TG 442D) 2 THP-1 A 255 53 54 99 2 A&
£ o] &3k Al MEF 243} AlF(Human Cell Line Acti-
vation Test, h-CLAT, OECD TG 442E) 52| T}t A&
o] 54 EATHOECD, 2015a; OECD, 2015b; OECD, 2016).

j]t' 71—ZL/K-1 q};‘(]/\]@lﬂ = .ﬂ]ﬂ-o]t H]—.O_}\-] A]?‘S—]tﬂ
(DPRAYE 3% 32by o] 3128 Fa) Alule] Sole
@ A S 2 59l S el sl o

o2 Al FA WYL Fel-child 534 (haptenized
proteinyE FA4JsH= RIS} 3 (Girolomoni et al., 2004;
Adler et al., 2011; Maxwell et al., 2011; Vinken, 2013)°]|
A ZFalgich. DPRAE 24 9 AlZERle] FHE e}
ol=gt AE Ede| st Y HUHE TE A%E e
o|lEE AQltal & HEolE AEe] o= AR Aa
(depletion)sF=A1 5 A AZrfEIYFHPLC)E ©|-83}
o Z2A5= oz ksl IR Az =AusAR
(Adverse Outcome Pathway, AOP) & A T2 RES-(key
event 1) ©]&3ato] A} A& (molecular initiating)®l]

A IR RS Hrkeke Al oltkMaxwell et al,
2014; OECD, 2015a; Tollefsen et al., 2014; MFDS, 2016).

olg|gh A AQl FAllol B Syl s, &
o) S B Sls) FENANDES =5

°F 5

of £dstal k. AFo FEIAA N = SR &
EOAAEY 7tel=ERl S Bl sPEE 549A1E Rl
NAA S BFSATHMEDS, 2016). 32183 4]
o B AAY SE7IF wet 15543 AE71EH Y

o in chemico T5- AN HElo|= WA
(DPRA)S 2019el] F7F 218l 73tk (RDA, 2020). L
2L} o4 7kA] DPRA Al@H el #six e sPE okl A
5= 955 UoRE A7 AP lon, Fok

geldt SR AaEe Bk A ARle s de 4
Folth. olo] £ Ao F) FHu0] AHEFA o

F 201495 20189% 7H4] E3bee] =& FoF 9Al |
Z(KCPA, 2019)S 4%3le] DPRAE ©]&3ld =4 7H2t
& Hrhslsith.
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Aol AMg-3F 5ok AtAl Benomyl (98%), fluazinam
(98%), terbuconazole (99%), A%A| carbosulfan (98%),
diazinon (98%), terbufos (85%), #ZA| butachlor (95%),
glufosinate ammonium (98%), oxadizaon (96%), pretilachlor
(94%). 2 FF FALolA] AlFEAY sigma-aldrich (St
Louis, MO, USA)?IA F94sto] ARE-8kitt.

=& =3 3 =23

HE =2 x ==

%d% 54 105 24-Dinitrochlorobenzne (99%), oxazo-
lone (90%), formaldehyde (36.5%), benzylideneactetone
(98%), farnesal (85%), 2,3-butanedione (97%), 1-butanol
(99%), 6-methylcoumarin (99%), lactic acid (85%), 4-
methoxyacetophenone (99%)7F ¥/dtlZE4 cinnamaldehyde
(95%)2 sigma-aldrich (St. Louis, MO, USA)IA &}
A&

B ELO| E(peptide) M| E

HEfe] =21 cysteine (Ac-RFAACCA-COOH, > 96%, mole-
cular weight 750.35) 2 lysine (Ac- RFAAKAA COOH,
>98%, molecular Welght 775.43)2 ERIEE(Daejeon,
Republic of Korea)oll A =& A Z}s1Th.

HElO|= YH2M A& (Direct Peptide Reactivity Assay,
DPRA)
2 A= OECD TG 442C2 SA¥ In Chemico Skin
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Sensitisation: Direct Peptide Reactivity Assay (DPRA) %
FHAY =AM #d dF FX7]IEURL-
ECVAM)?] 715 G- (ECVAM Direct Peptide Reactivity
Assay, DPRA for skin sensitisation testing DB-LAM
Protocol No.15)° 9JAsle] A&HE 38U THEURL-
ECVAM, 2013; OECD, 2015a; MFDS, 2016; DB-ALM,

2020). EEHFTAL 2] H6) A]*Eﬂol L EW g
f HElol= T8 0. 534 0.0167mM< % 6 7l &
FHEIth. F A, s¥: EF 2 %VJEH&%

(cinnamaldehyde)ll th3t %UH—E acetonitrile, distilled water
(DW), DW:acetonitrile=1:1(v/v), isopropanol, acetone, iso-
propanol:acetone=1:1(v/v), DMSO:acetone=1:9(v/v), DMSO:
acetone=1:1(v/v)e] <02 A3 fadE AL $AZS
= ARege AzEel @ 2 B HEels ol
100 mM A

Y E4S 747t 1:10 2 1:50 ¥R £ 31
T 25 £2.5°CollA] 24 +£24]7F §F QFaloA WhSAIZ) &,

sefo]= g2 High Performance Liquid Chromato-
graphy (HPLC)elA UV AZ7|E |4 o}O# 220 nmol| A &
FEE S4sloH, Feole AHES v 2 4
Fato] A=t

Hetel= 24

(1=

=R
S
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MEE =
HA e fEpe| = ¥ F WA
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/\]/\Eﬂo] kg Fglo|x=
buffer (pH 7.5)ll, 2141 $HF =lE}o]
ammonium acetate buffer (pH 10.2)9] =1 0.667 mMe| =

=5 FHlsklt. A S4E S8 4 Sgel=
FEY 1600 uLS’f} acetonitrile 400 pLE E%3te] 0.534

mM FEE A X3 &
L:1(viv) BIEE 671 €]
L 7} dglole F

EE ‘—

8492 (Dilution buffer, 0 mM)=}
ST AEA sisitt. 31489
BFEYA] o2l 0.1 M phosphate buffer
solution -=& ammonium acetate buffer 8 mL]| acetonitrile
2mLE sttt £ Al Sorirle] UM A =4
ZA| 2 OECD TG 442Ce) AA =] 0] E+F
JFET A, B, C, xS 2 SAEEHERL)S Ax
sk Fadixd Ax AR =2 43}71 % HPLC
A" AgdE SHske dxd % = 4
/\]71- ZAzlo] w2 oIAAS Znsi=

AlE 22l ARE &7t Selol=
A e AE SHse ﬂ%z;“’lﬂr
F3o] Yehube 2224 A &=
H-& UehlieA] S8 ehs tixwolth. $A8Ex
18 49 MEE A7HRetention time)©] FHEF]=
& A} ol HA=AE FHs] f1d tixstolth
Acetonitrile 2 waterE Fisher-Scientific (Hampton, Rocking—
ham, USAP} -4ste] &= ARgsi3lon S
;‘521’ /\-]ZJE] A]UJ l-:ok 102 9 =i Obk-h;HzE;élg 10()qu
TEZ 3mLY AZFATE B Ao E AE EZ(100
mM)Z AZEQD Efel= gzk= 1010, 24 Efel=
A7 A EEL 1:50 HIER z‘sz%kﬂ 7t 3 37H
zAEdH. 79 txdte] A, AE
Fo] s Wl 7 2% 7Y
3 52 2 gl2EE 2ml vialol 23ste] v-g-

0]
AT

= N rl

iv“j
=

=43} 3Elo]
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1. Proficiency substances (OECD TG 442C)

- Based on DPRA DB-ALM protocol n° 154

3. Test chemicals (pesticides)

- Cysteine and lysine peptide solutions incubated the test chemicals at

- Lab should be demonstrate technical proficiency by correctly obtaining

the expected DPRA prediction for the 10 proficiency substances.

2. Acceptance criteria

- Standard calibration curve : R>> 0.99

- Cysteine: 60.8 < Positive control depletion (%) < 100

- Lysine: 40.2 < Positive control depletion (%) < 69.0

- Maximum standard deviation (SD) for cysteine (%) < 14.9
- Maximum standard deviation (SD) for lysine (%) < 11.6

- Mean of peptide concentration of reference A = 0.50 + 0.05mM

\ 4

1:10 and 1:50 ratio respectively.
- The reaction solution should be left in the dark at 22.5-30°C for 24 + 2

hours before running the HPLC analysis.

4. Data evaluation

- The acceptance criteria should be met for a test chemical’s results.

- Cysteine 1:10/lysine 1:50 prediction model in Table 2 and 3 can be used.
- Reactivity class: No / Low / Moderate / High

No Yes

y A

Discussion of the results in the

Require an another assay context of an IATA if other relevant

- Maximum standard deviation (SD) for reference B and C (%) < 15.0

No

information is available.

Fig. 1. Procedure of Direct Peptide Reactivity assay (DPRA) for skin sensitization.
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HPLC Z2 & 24 =M

Hepol=ok A =25 A AlES BA517] flel
FASNA AErE 223 (HPLC, Model: Agilent 1220
seriecs HPLC system, Agilent Technologies Inc., Santa
Clara, CA, USAYS AMEsISith Z#HLS Zorbax SB-CI18
(3.5um, 2.1 mm x 100 mm, Agilent Technologies Inc.,
Santa Clara, CA, USA)E ARSI, €1 A (0.1% (v/v)
Trifluoroacetic acid in water)2} &1 B (0.085% (v/v)
Trifluoroacetic acid in acetonitrile)Z ©] 542 Z 3lod 0-10
2ol o1& & B7F 10%14 25%= 2474 - 10-13
29l 90%, 13 FolA 13.5 £l 10%, 13.5 #olA 20 £7}
A 10%7} == 3], flow rate 0.35 mL/ming 2333

Table 1. HPLC condition for DPRA

Conditions

(A) 0.1% Trifluoroacetic acid in DW
(B) 0.085% Trifluoroacetic acid in ACN

Column Agilent Zorbax SB-C18 (2.1 x 100 mm, 3.5 pm)
Colum temp. 30°C
Sample temp. 25°C

Mobile phase

Flow rate 0.35 mL/min
D Fixed Wavelength Absorbance detector with
etector .
220 nm signal
Run time 20 min
0.35 mL/min
0 min: (A)90% (B)10%
10 min: (A)75% (B)25%
mne 0 0,
Gradient (%) 11 min: (A)10% (B)90%

13 min: (A)10% (B)90%

13.5 min: (A)90% (B)10% — re-equilibration
time (7 min)

20 min: (A)90% (B)10%
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Hepo|= 24 E-LS 7H ZAA| o
xe Co Hit 93 Wow e grow AAsrh
HPLCEAe] §84 7|Fo2e BFA%TA AaAS
RZ}O] 0995 Z3slofof 31, YAt ZH(cinnamaldehyde)
o] Pt AAEL 3 SIS o, AlZHIQD $H 3R]
T 60.8-100%, =4l FE|=e 40.2-69% H919] w2
vehfiol sttt Al B 2 FdlRT e 2AE9
FHAR] A9 AIZH 2 Eale] 247 14.9%, 11.6%
nRtojofof gt iR AR CO] HEP|E W T
= 0.5+0.05mM ol Faljof star, st BoF C
o] HEelo]= WolA|4=(coefficient variation) 7> 15% ©]3s}

o, #8
>
=
{u
=)
1
o
4
P‘E
kd
Jubsl
]

1=

712 Fo shuete F538A] £ A9

Aot dEEde T3l AlZEH<Q 2 Al 3]
Aol 0-6.38%4 7 2],
A5 AR (), 22.62-42.47
4247-100%2 7S¢ L ) !
2). =3 A gEte|= g3 WE glo] SARES BY 7
T, AlZHIQL 3ERe| = g

(Table 3).
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Table 2. Cysteine 1:10/lysine 1:50 prediction model for the in chemico DPRA?

Mean of cysteine and lysine (%) depletion Reactivity class Prediction model
0 <mean % depletion < 6.38% No or minimal Negative
6.38% <mean % depletion < 22.62% Low
22.62% < mean % depletion < 42.47% Moderate Positive
42.47% < mean % depletion < 100% High

¥ Prediction model based on OECD TG 442C (OECD, 2019).

Table 3. Cysteine 1:10 prediction model for the in chemico DPRA®

Cysteine (%) depletion Reactivity class Prediction model

0% < cysteine % depletion < 13.89% No or minimal Negative
13.89% < cysteine % depletion < 23.09% Low
23.09% < cysteine % depletion < 98.24% Moderate Positive
98.24% < cysteine % depletion < 100% High

In cases where co-elution occurs only with the lysine peptide, then the cysteine 1:10 prediction model can be used.
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192 szl o Ao fads 4%—7‘5}7]
98] OECD TG 442C) 71&® 2 2 &dx AF
(Proficiency test)y2 =3It 1 A3}, Al /\Eﬂ° 2 Al

H
_\:-_'

HE
BoA

ot

o

P

Wepol 2ol thdh TEAF=HE] AT R 42 0.995
Zstden, %Plrﬂl; A, B, C FEfe|= Ht 57t

0.5+£0.05mM=Z 75 S5a3lom, ”*hﬂ# I 2
15% ©lsS gRlste AF7IEel T3t U=
¢l cinnamaldehyde®] WHE-o] %ﬂE}OlE 2NE
(peptide depletiony> Z}2} 71.88% (cysteine peptide 7]
60.8-100%), 58.79% (lysine peptide 7|+ 40.2-69%)= =57
518 9fol EHE AT

SHE EFo gk AlZEHRIS Al SlElels 2 E
(peptide depletion)®] 32 2,4-Dinitrochlorobenznedi| 4]
58.60% (ALHH3-4, WFA), oxazoloneS 65.64% (ALHH-3A,
%4), formaldehyde= 24.88% (R4, ¥49), benzyli-
deneactetone 46.38% (WA, A), farnesal 13.23%
(EHHSA, %A, 2,3-butanedioneS 46.80% (LRHSA, %
/3), 1-butanol> 1.55% (F7+873, +4), 6-methylcoumarin
2 0.81% (F9H3A, S4), lactic acidE 1.55% (FRFSA,
24J), 4-methoxyacetophenonell X 1.05% (F-3H3-4, 24)
2 UgtHTable 4). 1- Butanolol|X 24 selo]= 1] =9}
BA]€Z (co-elution)o] Ko AJZEH|Ql FE}o]=(Table 3)2]
AHRRE A o5 it 37 M #4S OECD
TG 442C 7tol=glRlel 7]&H A3l ¥ w5192 vl (Table
4) BE wo}ﬂl AREQY}, ARHow LAx BF |0
7 25 OECD 7te|=eRelel] 7|4 7]Edd Fgste] 2

F

rN

5 2Al giete] =0 EHf?} #74 ‘%L—L/ﬂg] A

0.99 olgellen, FutE: A, B, C ZF
Het FE7F 0.5+ 0.05 mMOZ UERGT) ol
olstele =Rlatith. Fdhr<l
cinnamaldehyde 3+ 2AE-2 27+ 65.80% (cysteine peptide
715 60.8-100%), 56.56% (lysine peptide 715 40.2-69%)

B 58 9o AT

DPRAE ©o]&3 A =k A 1029 IF 72AS
7k A wF AA 105 oM F 650l I 224
FYOoE FFEUTHTable 4). A=EHQIF 24l SJEfe|=
2AE9 HFL BenomylollA 50.00% (WA, ¥A),
butachlor= 27.23% ($1H-8-4, F4), carbosulfan 50.00%

@ENHA, A, diazinond 123% (FWHEA, 24),
fluaziname 59.91% (ALNFSAd, $A), glufosinate ammo-
nium 1.31% (-84, 24), oxadiazon 1.71% (F4F
A, S4), pretilachlorS 43.88% (AZ¥HSA, 94d), tebu-
conazoleZ 0.05% (F9H84, &4), terbufosell A 20.94%
A3, )= Ustti(Table 4). Benomyle] 73-%-, 2]41
Hetel= d=9f FAEE0] Hol AILEHIY fEfo] =9
(Table 3) A3t=2 ¥4 AR5 Actaiditt. soF LAl of
g w5 AR A %‘”—Fﬂ’\}"ﬂﬁ 5 AH A AES

AR W FAFAA AL E pHAE o] 3 A

A A8 A3t AR (in vivo data)E H}F/LQ ste] 2 Aol
A ARG SEHAA TS SEte|= v-&4 A1 (DPRA)
o] A¥s} vlaste] g A oS Aes g A4
(Table 4), 5F A 105 IF 2 W82 71 in
vivo A3 Azl vwsiaS o, BF Bishs ZAo® U

125720 Benomyl butachlor carbosulfan, pretilachlor 2
terbufos 9F 7+ A FOF 2 Zﬂ«] 735, A&EIQL Aol =
Bdohe e S Ao 2Al Slgo|=ddA =
R A ”7{‘/} -84 °] $ATH(Table 4). o]2f gk Al&
Bl1Z} ZAl Sy SEe|E AHEC] AfolE Hole e
02 A A= YEeRdTHTakenouchi et al 2014;

Avonto et al., 2018). ©] 42 DPRA A|gPHAA AME-H
= 7 TR Hefel=s Al 52 9] B4 Aol ogt A
o7 JAetHT. &, 95 S dodl= dHE] o

¢

—'?'—E*O] 17214 (electrophile) 5442 Hole Edo)7] wfiE

o] DPRAWIA ARE-E= %134 (nucleophile) oF] =4k}
R "E o] o]Fo] A=t, o]2fg U AAA|o] E F
Aok Al =43 HEpol= 7h] FHATFES Gerberick
et al. (2004)°] ZIA o} ZVAAA] Ato]e] A AHE- w ALY
=S AWdlTe 22 A 9 FE 4 o|&(Hard and Soft

Acid and Base theory, HSAB theory)2 A|A8}$2, o]}
Hste] iAo g 74 213 A (hard nucleophile)?] 41
Aeol=e) 73, A% 2y o] A WA ol
electrophile)?] 73-%-oll A& ¥hg-AJo] Yol Heol= A E
o %= = —’F Je= ALE RIS on, & Ao E
olsh 7 ol AlzHRlz Al 71e) Helol= 448
Rol7}h Vet 4 ek, Aefol= sk 2 B
9] 750l Welol= o] At Szt @ 4
318 7F530 2 18l 5o} AAlo] theh Helol= wggol
= 4= AtH(Lepoittevin, 2006; OECD, 2015a; Avonto et
al.2018; Cho, 2018). o= HElI= AstE oy
E4 sl Z4o] o]#] & DPRA A& 9] S Béts)
of, & o FE I fEtel= BYS 083 Amino
acid Derivative Reactivity Assay (ADRAMH 2 A|g =
78 stk AlAHEe] Tl = AL ATH(Gerberick
et al., 2009; Lalko et al.,, 2012; Yamamoto et al.2015;



Table 4. Test chemicals for demonstrating skin sensitization with in chemico Direct Peptide Reactivity Assay (DPRA)

CAS

Physical state  Solubility

Mean of cysteine and lysine ~ Classification

Test . Cys-DPRA  Lys-DPRA based DPRA Classification from published in
chemicals Chemical name % depletion % depletion 9% depletion  Reactivi from OECD vivo data
(%SD)  (%SD) p ty Jpos

24-Dinitrochloro- g7, 9.7 Solid ACN  100(0.00) 1720(0.63) 5860  High Positive  Sensitiser
Oxazolone 15646-46-5 Solid ACN 75.20 (0.27) 56.08 (0.46) 65.64 High Positive  Sensitiser
Formaldehyde 50-00-0 Liquid ACN 46.23 (0.72) 3.52(0.49) 24.88 Moderate Positive  Sensitiser
Benzylideneacetone 122-57-6 Solid ACN 90.10 (0.60) 2.65 (4.59) 46.38 High Positive  Sensitiser

Proficiency ~ Farnasal 19317-11-4 Liquid ACN 25.95(1.08) 0.51(0.89) 13.23 Moderate Positive  Sensitiser

chemicals®® 2 3-Bytanedione 431-03-8 Liquid ACN 73.66 (7.33) 19.94(2.19) 46.80 High Positive  Sensitiser
1-Butanol® 71-36-3 Liquid ACN 1.57(0.30) 1.52(2.63) 1.55 No/Minimal Negative  Non-sensitiser
6-Methylcoumarin =~ 92-48-8 Solid ACN 1.61 (0.96) 0.00 (0.00) 0.81 No/Minimal Negative  Non-sensitiser
Lactic acid 50-21-5 Liquid ACN 1.67 (0.70)  1.42(2.47) 1.55 No/Minimal Negative  Non-sensitiser
f&%ﬁg’gace' 100-06-1 Solid ACN  2.09(132) 0.00(0.00) 105  NoMinimal  Negative Non-sensitiser
Benomyl® 18804-35-2 Solid ACN 100 (0.00)  0.00 (0.00) 50.00 High Positive  Sensitiser (JMPR, 1995)
Butachlor 23184-66-9 Liquid ACN 53.89 (2.56) 0.57(0.99) 27.23 Moderate Positive  Sensitiser (NAS, 2006)
Carbosulfan 55285-14-8 Solid ACN 100 (0.00)  0.00 (0.00) 50.00 High Positive  Sensitiser (JMPR, 2003a)
Diazinon 333-41-5 Liquid Water 1.54 (1.66) 0.91(0.82) 1.23 No/Minimal Negative Non-sensitiser (NRA, 2002)
Fluazinam 79622-59-6 Solid ACN 99.84 (0.28) 19.98 (1.76) 59.91 High Positive  Sensitiser (EC, 2011)

Pesticides Glufosinate ammo- 77189 82 Solid Water  183(083) 079(020) 131  NoMinimal  Negative Non-sensitiser (JMPR, 2012)
Oxadiazon 19666-30-9 Solid ACN 3.42(2.04) 0.00(0.00) 1.71 No/Minimal Negative  Non-sensitiser (WSDOT, 2006)
Pretilachlor 51218-49-6 Liquid ACN 87.75 (2.86)  0.00 (0.00) 43.88 High Positive  Sensitiser (NAS, 2006)
Tebuconazole 107534-96-3 Solid ACN 0.10 (0.17)  0.00 (0.00) 0.05 No/Minimal Negative  Non-sensitiser (BCPC, 2003)
Terbufos 2921-88-2 Liquid ACN 41.47(3.76) 0.41(0.71) 20.94 Low Positive  Sensitiser (JMPR, 2003b)

»Recommended 10 proficiency chemicals described in OECD TG 442C (OECD, 2019).

® Lysine peptide co-elution.

) The in vivo hazard (and potency) predictions from OECD TG 442C (OECD, 2019).
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Zhang et al., 2018; Patel et al., 2019; Cho et al., 2019).

spetede] 54 Aol el 718 dAFAES TR
=2 gAo] E7H] o7 of7|a A FEs AHESt
AT, FEAQ] A B sEARA G Aol Al 4
b XA BE AT SAET T3 A3EEe]
S Z0lal tiAsARE FAIFR Tl meh 259t 7]
Y3 e vhe-AE o]gste] B vl M %ot
£ in chemico IAAEH DPRAE &-8-3lo] 94 e}
ol RYZ thA|ste A2 thE IF A FEEF v
ato] ARG 7hs ek 7P Zhdskal A S8e] =2 Wy F o
Yo th(Gerberick et al., 2007; Dimitrov et al., 2015; Avonto
et al,, 2018). ool Aol AQE= 7]|7ke] Fom A
& ¥]&-S "7 4= JTHMFDS, 2017; Cho et al., 2019).
J24 DPRA AIEWHE HPLC 24 71715 o]&37] w&
o THe 24 2ol webM = A3t AEA 7 o A}
ol& B4 F Aol in vivo AIFWS! LLNA A3l Hsf 4
=7 e 4 JtH(Gerberick et al., 2007; MFDS, 2016;
Cho et al,, 2019). 7 5l %= DPRA A@H-S AEE A
SHA] %= in chemico WHo17] Wil AlQ & mit} 17
o & 7] o) B Al YollA] ofme MES AF 7
% DPRA Al@Wozs At #Ao] ofe + ot
(Lepoittevin, 2006; Troutman et al., 2011; Lalko et al.,
2012; MFDS, 2016). WepA] = tHAIA @S o83k 94
A W7 =S AaLshy] SlEiMe F7H R F
5 2 SAAREAZ(A0P)Y] T2 F8.8 Bl (key event
2452 I B & e oeke in vino AEHES
Z3}slo] 5352 7H(Integrated Approach to Testing and
Assessment, IATA)E dllof st} F&71849] I F &
ofe] ISEA AIFEAAM AE 71X E s AR key
events HIORE A Al A2k ol&afe 3
24e AESEE  Fo]dtH(Takenouchi et al., 2014;
Tollefsen et al., 2014; OECD, 2016b; Avonto et al., 2018;
Ohtake et al., 2018; RDA, 2020).
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