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Assessment of the Ocular Irritation Potential of Pesticides
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Abstract In vitro tests have currently accepted by the regulatory authorities for the identification of ocular
irritant. However, there have been few studies conducted with agrochemical formulations. Also, ocular
irritation potentials of plant protection products registered in Korea have been evaluated by the Korean
Pesticide Control Act, not GHS classification system. The purpose of this study was to investigate whether
the reconstructed cornea-like epithelium (RhCE) models, EpiOcular™ and HCE™, could be used to predict
eye irritation potentials according to Korean and GHS classification scheme. Based on the OECD test
guideline 492, EpiOcular™ and HCE™ models were incubated respectively with 28 agrochemicals and the

cell viability was measured as a parameter for irritation. The specificities of EpiOcular™

model were 50% and

25% for the Korean and GHS classification systems, meaning that it was necessary to enhance the predictive
for ocular non-irritants. However, the sensitivities of EpiOcular™ model were 100% for the both systems. The
specificities of HCE™ model were higher than those of another model, but the sensitivities were relatively
decreased for both scheme. However, because the overall specificity and sensitivity are high, HCE™ would
be useful tools for in vitro eye irritation testing when sensitivity is improved. RhCE models are suitable to
evaluate ocular irritant pesticide for Korean classification system than GHS system. Taken together, non-
animal testing using RhCE model was suitable to identify irritant materials and could be used as one of the

testing strategies with other in vitro or in vivo tests.

Key words Alternatives to animal testing, Pesticide, Ocular irritation, Reconstructed human cornea-like epithelium
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g nejol A F nielE A3dst
AR E3ske &R /HEEAL, A

e 2 7, B7] A EE o
7HEE ATHOECD, 2017a, 2017b, 2018a,
AlgtETh Zteto] QR EEo] A
7K 5 A, sirshd e
2 Abgst 2ol 7t A=4 Arsh Al FHA Bk
Tgo]= AW et SAIEC] Al7|= o] thAAEH ]
=] 32 JtH(Curren et al., 2002; OECD, 2018c; Schrage
et al., 2011; Scott et al., 2010; Settivari, 2016; Wilson et

al,, 2015).
VYA AGRA] A T Aue] YTl A

=
Sz e SRR, B3] 7t gz

*E A 74
upgze] $ixal7] HFel A4 BARTE 4142 o
e Wl B webd 2 geizde) 7xd Ayl

U AlZ AEEE T8 AFA3 AREE ARREH, o]&
o] g-gt SHHEI=A FEUAAIER o] 7= Ath(Jang et
al., 2015; OECD, 2017b, 2018a, 2018b, 2018c; Settivari et
al., 2016; Wilson et al., 2015). A F shtz 334 2
Ao we & QR E 2L E A A T 2 e
, A E 55 afdsto] Al 3Ak Q1A
Fepgsimde gAzgsle) TR AP TR
NEE 231 URHGEE ZH Al ETRI 5 AR R
E7 (biomarkerys 4] 4= I tk(Jung et al., 2011; Kan-
darova et al., 2018; Lotz et al., 2016; Van Goethem et al.,
2006; Wilson et al., 2015). |28+ Q1A ztebv]fAp E S
1§ PR NPEAL B FLHOE Held 5 A
FIREES S S TRk ot OECD,

2018c¢). =HAIA 2.2 EpiOcular™ (MatTek, USA), SkinEthic
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HCE (SkinEthic, France), LabCyte CORNEA-MODEL 24
SIT (J-TEC, Japan)’} &<1%%12™(OECD, 2018c¢), 4|
AN E QIAZteb Y rdo] JiEEe] AlEEL 9tk
(Jang et al., 2015, Jung et al., 2011).

SEHAAEHS FE sPHE e S8 kA
7F Eopol| A o] g0} gtort FoF FA Bt okl E
TSN 2 SAEAS FHoE A8S sy
Atk WEAOE {4, 35, wHAE, I &
8 93 AFoE ANEHS A EHAY 4132
ST AL BB ATHAPVMA, 2015; EU, 2009; NZ
EPA, 2016; HSE, 2017a). £3] 99| Fopdadsa]71+<l
HZAMEH (HSE)y HAIAFAA HolA ] E7E o] §-¢t
TEAES FEWAYHOE 254 75 A ofHE
o) =3} olste] 3 EE=E SHTH(HSE, 2017b). B3 1)
= EPAT §454, 3454 okl SENAANEHS
gt AlFlo|n, 4] (antimicrobial cleaning product)
o K AFA Hrte] AEsla de sEUHAATHES
Ut soro 2% stz FEUAAIEY Al FEA
3 A& vwste o8l 2238 K8kl JATHEPA,

o

=
=

ZyetE e A% (degree), ZPHHEE WY
Aastate] 4
71Eo 2 A+
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S EF31 ItK(Table 1)(EPA, 2004; Kolle et al., 2015).
O AFS o] &3 A A& A= BA gon, ¢
TEshe 71 9 ol mE 54| =7

Table 1. RDA, US EPA, and UN GHS classification criteria for ocular irritation

RDA US EPA UN GHS
Non irritation Category IV No category
A.0L<10 Minimal effects clearing in less than 24 hours Minimal effects
Category III (Caution) Category 2B (Warning)
Mild irritation Corneal opacity > 1 and/or iritis > 1 and/or Corneal opacity > 1 and/or iritis > 1 and/or

10.1<A.01.<30.0

conjunctival redness > 2 and/or chemosis > 2%

clearing in 7days or less

Category Il (Warning)
Corneal opacity > 1 and/or iritis > 1 and/or
conjunctival redness > 2 and/or chemosis > 2%
clearing in 8-21 days

Moderate irritation
30.1 <A.0IL.<60.0

Category I (Danger)

Severe irritation
A.01>60.1

more than 21 days

Corrosive (irreversible destruction of ocular tissue)
or corneal involvement or irritation persisting for

conjunctival redness > 2 and/or chemosis > 2"
reversible 7 days
Category 2A (Warning)

Corneal opacity > 1 and/or iritis > 1 and/or
conjunctival redness > 2 and/or chemosis > 2"
reversible 21 days
Category 1 (Danger)

Corrosive (irreversible destruction of ocular tissue)
or corneal involvement or irritation persisting
(corneal opacity > 3.0 and/or iritis > 1.5)
for more than 21 days

2 Maximum score in any animal.

® Mean score at 24, 48, 72 hours after instillation of the test material in at least two animals.
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M2 golshnz ¥ AToNe Y 55 wot 285 <)
A ZFepde) §AR e EpiOcular™2t MCTT HCE™ (MCTT,
Koreayg o]-8-3le] HuA=A4 SEAAI gl U &5
ko] A4 Bl 8 15 BokraAt shick.

o
A, AT FZ FE 247 10, 13 F5S AL T=
455, A= 1552 AMSSIITH(Table 2). B3 Fofdzy
= GHS ERAAC w2t b=/ /sl Al
W A} vkt

Ol &| 29t F Al AtL| 2 H(RhCE, Reconstructed Human
Cornea-like Epithelium model) 0|88t ot&at X134
AE

EpiOcular™® 9 (MatTek, USA)S ©]-&3}] Kaluzhny &
(Kaluzhny et al., 2011)°] 2328 W 2 OECD Alg A3
A 4920 wet BYEREA AES ST AEEE
g Ha v ALY RIS ARSI AR E
H2e Had, PHURELZe dEdoMEH|E 99

(neat methyl acetate; CAS No. 79-20-9; Sigma-Aldrich)S

Table 2. Pesticides used in this study

- 2%0F - OJMIE - =] - ol

AT QIAZEHRARS R E o] QEYStE flel well
3 1mLe| assay media’} ¢ = 6-well plateol] %7
22 +2A17F §<F 37°C, 5% CO, HjF71ol A A (i) 311
ok E2& A2s] dolle Alge] £53 & ek fAt
A WHEaAl 2l 3 9]o] DPBS(Dulbecco’s Phosphate
Buffered Saline; Sigma, USA) 20 uLZ 37°C, 5% CO, i
F71oA 30% B A s ZEPdT R flof A
AFEA 50 plLE 2A H2lg H, 308 &< 37°C, 5%
CO, Hjg7]olA WH-gAZ T} vk 5 Zh2) QA ehgAd
9 2dg 300 mL DPBSE A FE2S AlHstal AlHe =
& oA 12228 FSE A uiRo] FA| k] A=A
ZE3| AASFAE ol F well - 1 mLe] assay media’}
oJE 6-well plated] %7 37°C, 5% CO, BjF7114 2
ZHEQE (1% )l sttt
el AldEZe] 7% PBS 20 uLE ®¥HES FH4A &
4 ANREA 50mge A8t 6A17F Bt EE AE
Nzl wieFst &, 242 Az 292 DPBS
mLE o] &3] AFEL S A3t AlF wpA et oA
HdE swabd ©]8-3le DPBSE AlAE L Al e
& oA 25 £ 28 FF A wiR|ol] A Ete] A HE
S 53] AASL well 1 mLe] assay media’} 9]
£ 6-well platel] 74 37°C, 5% CO, Bj¥7]olA 18417}
b St ST
=] 7Rl HCE™ (MCTT, Korea)= Jang 5(Jang
et al, 2015)°] B33 WhHo] we} FYsigitt. SRS
22 DPBS, HINZEZE 2% SDS (Sodium dodecyl
sulfate; CAS No. 151-21-3, Bio-Rad, USA)S AF&-3}31t}.
EpiOcular™¢} 2] AFAEEHL 40 uLE 10 53, 2L
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Agrochemical formulations®

Cyazofamid- Valifenalate SC

Fluazinam- Acetamiprid GR

Oxaziclomefone- Tefuryltrione SC
Benzobicyclon-Imazosulfuron-Ipfencarbazone SC
Pyribencarb SC

Metazosulfuron WP

Dimethoate GR

Benzobicyclon-Mefenacet- Propyrisulfuron SC
Ferimzone- Validamycin A SC
Oxaziclomefone- Tefuryltrione GR
Bromobutide-Imazosulfuron-Pyraclonil GR
Pyrifluquinazon SC
Chlorfluazuron-Indoxacarb SC

Dinotefuran- Spinetoram WG

Fentrazamide-Metazosulfuron GR
Azoxystrobin- Dimethomorph WG
Dithianon-Fluxapyroxad SC
Glufosinate-P SL
Lambda-cyhalothrin-Sulfoxaflor SL
Prochloraz- Trifluzamide EC
Bentazone- Propanil ME
Imicyafos SL

Emamectinbenzoate EC

Dimethyl disulfide EC
Tetraconazole- Thifluzamide EC
Glufosinate-ammonium SL
Flutolanil-Hymexazol WP
Amisulbrom-Chlorothalonil SC

9 EC, Emulsifiable concentrate; GR, Granule; ME, Micro-emulsion; SC, Suspension concentrate; SL, Soluble concentrate; WG, Water

dispersible granule; WP, Wettable powder



Table 3. Acceptance criteria of in vitro eye irritation tests
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Model Criteria Value

Negative control OD values 0.8 <ODs;p<2.5

EpiOcular™ Viability of Positive control Viability < 50%
Standard deviation <20%

Negative control OD values 1.6 0Dy, <3.0

HCE™ Viability of Positive control Viability < 35%
Standard deviation <20%

Table 4. Evaluation criteria of two alternatives to animal testing

Evaluation
Irritation Non-irritation
EpiOcular™  Viability < 60% Viability > 60%
HCE™ Viability < 45% Viability > 45%
A FEZS PBS 40 pLE EHS A2 F AIFEA 40
mg—% 3AZF Rt Al EujeF 27olA A st B A
F dlA A2l 28 mL DPBS, 224 #2]#e 70 mL DPBS
£ ol&sto] Ald=E e A ol F 16417 52t Al
Fajde FHsA

MzYZEE 3 AME

TRl B F AAANRAP T R AEES
Z4317] 913l MTT (3-4, 5- dimethyl thiazole 2 - yl) 2,5 -
diphenyltetrazolium bromide; CAS No. 298-93-1, Sigma)
assay AN, QAZEART RG] Eo] Y )
A 5o AFRAE DPBSQ]r e swabo 2 Al AT
298 24-well platec] &7 ¥ 0.3 mg/mL MTTE 300 uL
A A)ste] 3x7F B0k A ulek ZANA wdsigT).
Hj% & MTTE DPBS$} swabl & A|Asla 2dE A2
$ 24-well plated]] %7 isopropyl alcohol (CAS No. 67-
63-0, Sigma)s 2 mL¥ A2k A2 2/‘17L CRiles
204 wHsPEA formazans FE3IT FE3I AR
200 uLA 96-well platee]l 71 multiskan spectrum (Thermo,
USA)S ©]&-3}] 570 nmmolA FFEE =453

] 2de] 79 WST-1 (Roche, Germany) assayS 0]
&at] AEAEES S 34" WST-1 &9d&
dof) Eatal Al Euj ol 3A1ZE wigste] formazan
S FET F 450 oA =S SsIsiT

7t R E A19le] 2747 (Table 3y WAL, BF/
71 wet A=A 25 HA ST Table 4).

CHRAIEE X5 ol&E 8ot

7= (Sensitivity) Eo|%(Specificity), % 2= (Accuracy)
& et $ES o83 71 AW (in vivo) AEF A
z}ake /\]_)\]-J,]Utﬂ S o] &3k A& (in vitro) AN B A=A &

a

ol AR =S Brlskdth. RId=s Al(in vivo) A9

AM AR EFH EZL A(in vitro) AHAME
A0 =2 e TRk HIE (%), EO]E H A=A
EAE A9 (in vitro) A GAA AT L Z 7= v]&
(%), A= AW A B2 7 A9 "itﬂ =4 5

7F sl W= v (%)= rlgitt

m{ﬂ

- Sensitivity (%) = [True Positive / (True Positive + False
Negative)] * 100

- Specificity (%) = [True Negative / (True Negative + False
Positive)] * 100

- Accuracy (%) =[(True Positive + True Negative) / Tested
Materials] * 100

5
AL, = & FEIFs o, A, B4 e AT
g2 o]Lsle] GHS & 7|59 we} GHS B3 1=
3FTE You S(You et al, 2016)°] st A4
A FENETA 71F0R AEE el 1355 % 10
FE(76.9%)°] EREHA ?%%(unclassiﬁed)i FE A

T3 TEE U 3FEAA HI7EE A QL wkgo] vEeht
A8k i 44 22 (GHS Cat HE FREA

sS4 XY ZRAA O HE M LHn vivo) AR
H 2 (in vitro) N8 X=H 7& H[1I

EpiOcular™ ®d-Z o]&3F AldoM= Ffazyol u
2 HRE TR BRE 1055 FollA sEEo] HIAt
SR TREUT Ak o] A4 sl 18F
5 REF A4 E4E 9

= HCE™ 249§ o]
I HIAEA O 1035 F 1EEC] HIAFACE &R

=
:
F3jo] RIATYE WK 2

pud
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Table 5. Pesticides used in this study

Classification
Agrochemical formulations” A.O0.L”

Korean system® GHS system
Cyazofamid- Valifenalate SC 0 NI Unclassfied
Fluazinam- Acetamiprid GR 0 NI Unclassfied
Oxaziclomefone- Tefuryltrione SC 0 NI Unclassfied
Benzobicyclon-Imazosulfuron- Ipfencarbazone SC 2 NI Unclassfied
Pyribencarb SC 33 NI Unclassfied
Metazosulfuron WP 6 NI Unclassfied
Dimethoate GR 8 NI Unclassfied
Benzobicyclon-Mefenacet- Propyrisulfuron SC 8.7 NI Unclassfied
Ferimzone- Validamycin A SC 8.7 NI Unclassfied
Oxaziclomefone- Tefuryltrione GR 93 NI Unclassfied
Bromobutide-Imazosulfuron-Pyraclonil GR 11.3 MI Unclassfied
Pyrifluquinazon SC 11.3 MI Unclassfied
Chlorfluazuron-Indoxacarb SC 12 MI Unclassfied
Dinotefuran- Spinetoram WG 12 MI Unclassfied
Fentrazamide-Metazosulfuron GR 12 MI Unclassfied
Azoxystrobin-Dimethomorph WG 13.3 MI Unclassfied
Dithianon-Fluxapyroxad SC 133 MI Unclassfied
Glufosinate-P SL 14 MI Unclassfied
Lambda-cyhalothrin-Sulfoxaflor SL 14 MI GHS Cat 2B
Prochloraz- Trifluzamide EC 14 Ml GHS Cat 2A
Bentazone- Propanil ME 14.7 MI Unclassfied
Imicyafos SL 14.7 MI Unclassfied
Emamectinbenzoate EC 19.7 MI GHS Cat 2A
Dimethyl disulfide EC 37 MO GHS Cat 2A
Tetraconazole- Thifluzamide EC 393 MO GHS Cat 1
Glufosinate-ammonium SL 46 MO GHS Cat 1
Flutolanil-Hymexazol WP 47 MO GHS Cat 1
Amisulbrom-Chlorothalonil SC 110 SI GHS Cat 1

9 EC, Emulsifiable concentrate; GR, Granule; ME, Micro-emulsion; SC, Suspension concentrate; SL, Soluble concentrate; WG, Water
dispersible granule; WP, Wettable powder

® Acute ocular irritation index

9 NI, Non irritation; M1, Mild irritation; MO, Moderate irritation; Si, Severe irritation

ATk, A ol ®dlol EpiOcular™¢} 2] AE 2¥%, GHS X224 2FN A W HLHin vivo) AE 2 2
TE 1SN vAFAHEAR ERE 924 AFE B (in vitro) N 82| X134 F& H|lI

A TH(Table 6). 3 Zd2 QA F I 2L F YA L o]&-5}] % BdS ol&d A= GHS EREASE
A=A FW B AL EE vl Fate] (Unclassified) 2055 5 5E5% HASA40R EREL
A=, A2 e 7|99 AEE ol g3ty Rds RE A7 BEFHAY. GHS Cat 2 (RFA) e
AZsle AL AE 3% (behavior)olut A 2] & (Bio- GHS Cat 1 (A3 & &40 7 ErE BFe nF 25
marker) Hd 52 XolE & & UviL LA TH(Lotz et Aoz Beurh FY 2d HCEME o] &3k A=
al,, 2015). webA] FRIR e} U Rde] A=574 ¢ 5e] 2} GHS #75A &+ (Unclassified) &=l 9550 HIA=S
ol A=A WRVIE R AFEL AP &, A At F Qo BREJL A = &39S veille 155004
AlgHio] Adold Wut ofuel T RU7ke] F2A He HIZ5A 0 2 75 ATH Table 6).

e 7154 Apolel] 7118 Aol ALRE .
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Table 6. Cell viability of reconstituted human corneal epithelium (RhCE) models and in vitro classification

in vivo in vitro RhCE models
Agrochemical formulations EpiOcular™ HCE™
Korean” UN GHS viability (%), viability (%),
evaluation” evaluation”

Cyazofamid- Valifenalate SC NI Unclassfied 91.3+291 NI  794+0.19 NI
Fluazinam- Acetamiprid GR NI Unclassfied 88.8+£236 NI 893+£1.68 NI
Oxaziclomefone- Tefuryltrione SC NI Unclassfied 619+462 NI 646+151 NI
Benzobicyclon-Imazosulfuron- Ipfencarbazone SC NI Unclassfied 101.0£2.76 NI  942+4.08 NI
Pyribencarb SC NI Unclassfied 803+£2.64 NI 786+£198 NI
Metazosulfuron WP NI Unclassfied 3.0£0.28 I 145+1.25 I
Dimethoate GR NI Unclassfied 4.0+1.93 I 6.4+0.75 I
Benzobicyclon-Mefenacet - Propyrisulfuron SC NI Unclassfied 549+491 1 64.7+234 NI
Ferimzone- Validamycin A SC NI Unclassfied 35.0+4.37 1 52.7+454 NI
Oxaziclomefone- Tefuryltrione GR NI Unclassfied 2.3+0.08 I 1.5+0.7 I
Bromobutide-Imazosulfuron-Pyracloni GR MI Unclassfied 12.1 £ 1.67 1 412+7.12 1
Pyrifluquinazon SC MI Unclassfied 9.5+0.18 1 8.5+0.67 1
Chlorfluazuron-Indoxacarb SC MI Unclassfied 164 £1.75 1 9.4+0.79 1
Dinotefuran- Spinetoram WG MI Unclassfied 224032 I 18.9+7.34 I
Fentrazamide-Metazosulfuron GR MI Unclassfied 29+0.13 I 22.3+7.00 I
Azoxystrobin-Dimethomorph WG MI Unclassfied 1.7£0.11 I 17.0 £ 0.55 I
Dithianon-Fluxapyroxad SC MI Unclassfied 4001186 1 78.7+244 NI
Glufosinate-P SL MI Unclassfied 54+0.34 I 86.1£6.52 NI
Lambda-cyhalothrin-Sulfoxaflor SL MI GHS Cat 2B 11.2+£0.82 I 11.1£0.78 I
Prochloraz-Trifluzamide EC MI GHS Cat 2A 9.1+3.42 1 32+0.38 1
Bentazone- Propanil ME MI Unclassfied 8.6+13 1 4.5+0.84 1
Imicyafos SL MI Unclassfied 53£0.30 I 11.5+£3.22 I
Emamectinbenzoate EC MI GHS Cat 2A 57+0.13 1 1.2+0.36 1
Dimethyl disulfide EC MO GHS Cat 2A 10.1+2.93 I 2.7+£0.46 I
Tetraconazole- Thifluzamide EC MO GHS Cat 1 11.7£0.29 I 39.3+0.24 I
Glufosinate-ammonium SL MO GHS Cat 1 7.7+1.38 1 91.5+1.73 NI
Flutolanil-Hymexazol WP MO GHS Cat 1 2.0£0.17 I 1.1£034
Amisulbrom-Chlorothalonil SC SI GHS Cat 1 10.1 £0.15 1 7.1+£0.31 1

9NI, Non irritation; M1, Mild irritation; MO, Moderate irritation; Si, Severe irritation

® NI, Non irritation; I, irritation

CHAMAIEY X3 H o5 ot

TEL ol &% A543 ANFAHS QA FAP T Y
S o] &3 NPAFHE Hlaste] tiAIM ] FEEAEA] €
= Aw 2 Hrielth(Table 7). Fkaa ol W& A (in
vivo) 57 A3} W A], EpiOcular™ =49 =
(Sensitivity)=  100%, 5-°]%(Specificityys 50%, F=
(Accuracy)y= 82.1%=Z AH=EEUTh. HCE™ 2de] ¥zi:
E 83.3%, Eol=E 70%%= EpiOcular™ =@} Hla A]
HCE™ Rdle na=sAd5dS axdes ERshd A5
A B d4E8e N 227t gtk HCE™ 292 o]
3 SHHIASFA AIFelA A=4 B HAEEE

k= 71 (cutoffell tist A+t T Ack(Jang et al.,

lo,
=2
N
N
al

2015; Yang et al., 2017). cutoffS 50%% 3} o, A&
Zole YA oLt cutoffs 35%= Skl Fefdaly
7R ERAAE W, WdEe 2%, e T1%
238 7Skt cutoff o]¢fol®E =& AI7H EF A
& T OUS 20 AEs 254 588 =Y 2

7} QAT

GHS Z#°l we} s AS4e FEa10s

7t 25-45%% 7 2d 2% BEF 51X 92 (unclassified) &

AL TR oHY AFErt 1A S Fld

ATh B Aeo] AxE GHS EFAAS} Tk

AA HAL A, Bol=E A F U= o

g vt oy 2P FARRE S o] &5k Foke] ¢

ki

=2
2
2]
i

=
A
<

i

JHU
>,
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Table 7. Performance of RhCE test method for predicting eye irritation potential of pesticides

in vitro RhCE test
EpiOcular™ HCE™
Sensitivity % 100.0 (18/18) 83.3 (15/18)

Korean classification system Specificity % 50.0 (5/10) 70.0 (7/10)

Accuracy % 82.1(23/28) 78.6 (22/28)
Sensitivity % 100 (8/8) 87.5(7/8)
GHS classification system Specificity % 25 (5/20) 45 (9/20)

Accuracy % 46.4 (13/28) 57.1 (16/28)

Sensitivity, % of irritants correctly predicted in vitro test

Specificity, % of non-irritants correctly predicted in vitro test

Accuracy, % of pesticides correctly classified

Uy BN sokRelEe] me A4 2Rt ZhAbel 2

A g}sitial T A THTable 7).

A0 oAy Aol MTEe} B0 ol B Ay ¥RA5W FReAt A AT
o] TasARt, 53] Ta3 A2 AedEs 2o ¢ MEAR] @AIRE: PI011784)9] Aol s TN
A4S FH 3= Aolth(Settivari et al., 2016). =3+ 321 <l ] oo A=t}

Amde 918480l Hol AFH dlZo] olsh} Solm

7 Dojzital A ATh(Lotz et al., 2015).
T oo} fAfslA 7 QAL FAIRD S o] &5 A=
4 A ElA, 83.3% ol/de] RIS Holw, 53] A=A
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