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Abstract: Fire blight is a pathogen that is prohibited from being introduced, such as
causing the entire tree to wither. It is virtually impossible to completely eradicate and
treat it once it breaks out. Therefore, because it causes economic and psychological
losses to farms, this study was conducted to develop more effective pesticide by supple-
menting the pesticides that have been previously used. oxolinic acid (10%) SL, which
is effective in controlling pathogens, was selected as the target pesticide. The spraying
method was changed to a method that has a more direct effect, and the apple and
pear trees were trunk-injected right before flowering. samples were collected and the
pretreatment method and instrumental analysis method were established. Based on
the analysis results, there was a possibility of developing a new pesticide even within
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ot Fesbdol ofsh 19 28 o] BAA wsirh Bt Aoz FARHUTHS]. wEbA, U Aol Aidstr] 98]
7N}t A7)0l FFAE AEsh= Jol 7HE HHA 0w o|FojX|aL Qltie]. A E 609 ¥ o]do] FA4] &A4o] ISt
FoH[7], HHE FAA7| AL SIS AT EUSA AGEoRE AAste] TS 9| 7FAES B 67
Al7IH QIFF S AAAZIAL ok FA sEUEH0NME M WAIE St GAIE vid 232 B9} SAof 23] A%
SHes A4Sk Jou(3], st E FA8A Ao ot oFsio] 3, Mol S5H ool AAl= WAl avol digt
&S A7Ista Quek webA Mol tigt 7|& AIES WA 83 HF2 EE TS ATHQl dAE 845k Aol
SIS EUEA AgHeEn 54 =9 A8 Aol ofd ol AldxAe] E7Fs5ttHs].

QA e WA= "'%”ﬂxﬂﬂ BT BAAETE F2 o|FAIL Uk kAofA FAA = AEE 544 71 82
9] YF= A ot HlaEAo|nr T UH o g Attt St vl4tol o%h F9 w1 9] g7} glar, Yol
oFlS AR FAst A9 &4 E?l %iEEE 5719 YFolME HE A d ZoItH9,10].

S ®Aof] H£55] AREE T Q)& QuinoloneA| FAYA|Q] oxolinic acid= FH LIS Aol o3l DNA TopoisomeraseS
AN AERDS AN, ZolH SPER ZAS AT Ho] @EPol 1m0l Solot AYATLE Fo) YZH o]
UTH3. A, 2 A7 ATl AR WolA Orolinic acidS AlzhhRel witzol 57079 o the 15 R4S 59
FA W ols 8 A& gRlsto] ST Alofdl HE atxl ofAl i 7hsAde dESHIA SHH

T

Aot 717

Oxolinic acid (99.7%) EF=4, citric acid (99.5%) @ triocylamine (98.0%)+> Sigma-Aldrich (St. Louis, MO, USA)A}O]A]
Fuliolo] ARE-SFXTE Acetonitrile Y methanol<> J.T. Baker (Philliosbug, NJ, USA)S] HPLCE& AR2-51%2H, sodium chloride
(99.5%) ¥ sodium hydroxide (97%)= Junsei Chemical (Tokyo, Japan), tetrahydrofuran= Duksan Science (Seoul, Korea)A}2]
A& Aot 3L SPE-NH2 (solid phase extraction, 0.5 g, 6 cc)+= Agilent (Santa Clara, CA, USA)AL, syringe filter (PTFE,
0.22 pm)+= Thermo Fisher Scientific (Waltham, MA, USA)ALS] A|E-S ARESIYTh o|flo] A A]7}](35 mm, Narion, Seoul,
Korea), 779"5=7](Rotavapor® R-100, Buchi, Flawil, Switzerland), 4]15-2]7](Combi R545, Hanil Science, Gimpo, Korea), X%
ZFZ7]|(VIBA 330, , Collomix GmbH Gaimersheim, Germany) & E-2§7](SHMF-3260S, Hanil Electric, Seoul, Korea)E AR3-5}3
T Al2l59FRl Oxolinic acid (10%) AAl= @& LzoA A4 Azt ARESHAT

ATFAL i

Sl skl u

oZ
[l

ARE A% % RS A, AS1S) HPATA A AAA0R S

=
ol UFolA] ko] B S Farstelll] & U] thy 423} 5] 8ot ST EHL AbRe] 49 434
BBERAR 23 cm, BEET 2 m)S NHOE S15100), AR B 40 ALBERAR 34 cm, B ST 15 m)E

qgom sheltt
LA A7V B ATIACIN A 4715el HAe) WA 2AE E9) s Adow Sesig. 44 A9E
__'Z_

AL AT AT B9 20224 49 239, HiUHREO] A9 2022 49 70Utk A W2 AR 20 em
ATEE (G mm)E ]85t g 79 AES ’f'?} The 5 mL Ato]29] AEY Y 22 T oxolinic acid (10%) HAIE 204)

=
845to] T2 zlﬁ(cm) g Y 0.5 mLA Fo] sl FYoFCHFig. 1).

NERE RN
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Oxolinic acid EE2&E49] T & 118519 10.0 mg 20 mLE] methanol/0.25M NaOH (90/10, v/v)°] &3}|5}°] 500 mg/Le]
stock solution2 TH=R1th. ©|& acetonitrile/deionized water (30/70, v/v)Z 35|43} 2 mg/LE ZA|3t T} TAH O 2 3450
0.025, 0.05, 0.1, 0.2, 0.5 2 1 mg/L2] working solutionS A5} c}.

MK

upas ARUERe) HiUE AR 10 gof] 5 30 mLE F7ISE & 3057 S52-5FAX |t O] acetonitrile 40 mL 2 sodium
chloride 7.5 g& #7}5l0] 800 rppm O & 1A]7F B9t X&ZESH th2 3,000 rpmO.Z 5E7F ARSIt o|F SASIAFIA|
&2 SPE-NH20| 94 A41EF 3t A7 9] A5L loading?} 5A]9] oxolinic acidE &&3FTE FEHoA 10 mLE F o+
40°C 8 oA 7923t th2 acetonitrile/deionized water (30/70, v/v)S ©|-85t0] 4 mLY] & RuV} =& X85}t
83t A|RE syringe filter? oJT}3F ThS HPLC-FLDE 7]7]843}3t}. ©]& chromatogram Ao UERS peak®] W22 &7
o o2 #E AT Hidste] s E AFESHITh

HPLC-FLD 7|7|2M =

Oxolinic acid9] £4-& WA I Zu}E T I (Ultimate 3000, Thermo Fisher Scientific Waltham, MA, USA)2} §FH=7]
(RF-10A XL, Shimadzu, Kyoto, Japan)E& AR5} ZHL Cosmosil 3C18-EB [(3.5 pm, 2.1 LD. x 100 mm L.) Nacalai Tesque,
Kyoto, Japan]S AR&5 T} 0] 542 %7] /42 Acetonitrile/0.45% citric acid in deionized water/0.31% trioctylamine in tetra-
hydrofuran (13/78/9, v/viv)e]9 oW 7|-&7] &8 ®AS B 4 i BEZES EAHT E3l 7452 1.0 mL/min, A|2FY
FL 20 L, Excitation 330 nm, Emission> 365 nmZ 4335}t
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SEE AAY gia 771 B Ho 2 HE(Accuracy), B A (Reproducibility), 21414 (Linearity), &3HA(LOD, limit of
detection)@} JFTHA|(LOQ, limit of quantitation)E FHF55Fth E-E&HT} FA 2 AR 7|7 &4 A& H|wst] Hi=E4
9] F7Fo] PSS ERISIH O H(Fig. 3), stock solutionS X2 5]45}0] 6 points®] working solutions EA43F Th3 peak?]
HHo T AFAS A T AHAR(RY coefficients of determination)S A&t 3, AETHA 2 HFeHA Y HadE
S peak?) S/N (signal-to-noise ratio)B]7} Z+Z; 33} 10 o]} O 2 UEGS-2 RISyt AESHAe A3tHA= HAAET,
A5 A, SR FUS AHoiel sk A0S G W] A ABUAS) AFWAS) 109 5
S == oxolinic acid EEEAS H7Isto] 7] E4HY SL5H 3utE oz EAT O 389 P AdErEwAt
(RSD, relative standard deviation)S AF&3}9ich
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Fig. 3. Chromatograms of oxolinic acid a) standard 10.0 ng, b) control, c) recovery test 0.2 mg/kg, d) sample.
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38 1 mg/LY] working solution o §3le] FHAS AASAOM, BHAS L 099 OFOR & A4S LhehiirhFig
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Fig. 4. Calibration curves of oxolinic acid in apple tree & pear tree.
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4). AEAE 001 mg/kg, FFA = 0.02 mg/kgel ATt 34=& AlE A= Hat 70-120% o|H=Z VeptoH, Ao EEHA}
L 20% t|9ko @ AEE|0] Codex 7to]=kQlo] A= 0k B 7]Z(CAC/GL 40-1993, 2003) X 25 30] LoF Tl 4|9
557150l Aokt (Table 1).

FAl(mg/kg) = "HFTA HAAEF(ng) x (FFHLED(mL) / AEFA() x (1 / FUFH(L)

=1ngx (4mL/ 10 g) x (1 /20 pL) =

VAYIA H2WEY =
24| LH Oxolinic acid2| ZHg A

U o SRR o547 54 2A] 95 4
ZAFSHA O™ 11 A= Table 29F Zt}. 4] HjolA] &=
715 9 EA 34

Eo|7A £

BV SEeRp-4
=

KR
=

o=519rH16].
E3, 54 Yol A 2

PAR-E

o =

8740

oy,

A Ol o
—I_M'Czi'\:‘

Table 1. Recovery result and Limit of quantitation

240 sie 2 0 29 B A7) 50l 3
GA+EZH -5 A(ring porous wood)2} A5 A (diffusive porous wood)7} 24 3]
uje} SpRol ARE QB o5 Aol Asle] S7%

AU

Fos A Wl

71718 3=t Al (ng/ul) x FYTH(uL)

0.02 mg/kg

9 5 ABARE o] olol wet ARE A H ARG

1295 oHo ol5He AR
QIeH{12-15]. BIE wiol mEwl ApThiEel B £44]

g Aol 2

EX
—
/\-] g%x% o= o]

o E el

L0912 RO A A EA,

EH ol FYE o] =9 ol

ol A SRk v A HE Ao

ﬁc}-__ HP:_\:]- TEE ‘ﬂx] ]
=35tth17,18]. ESH

170l BAGC)

, Algol et 8o A W

Compound Sample Fortification (mg/kg) Recovery (% + RSD) LOQ (mg/kg) Minimum detection amount (ng)

0.02 748+79

Apple tree 0.02 1.0
0.2 99.0+0.1

Oxolinic acid

0.02 104.2+4.0

Pear tree 0.02 1.0
0.2 100.7 £ 0.4
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Table 2. Oxolinic acid residues in the apple and pear trees after trunk injection

Residue (mg/kg+RSD")

Compound Sample Days after Injection -
Lower part Middle part Upper part
10 23.60+21.97 441217 6.38+5.13
20 5.94+5.43 4.48+2.15 1.04+0.86
Apple tree
30 7.76x7.26 1.99+2.69 6.97£8.70
50 0.25%0.23 0.27+0.34 0.41+0.37
Oxolinic acid
10 50.84+12.32 0.04+0.00 0.04+0.05
20 33.69+10.47 0.13%0.06 0.07+0.03
Pear tree
30 <0.02 <0.02 <0.02
50 <0.02 <0.02 <0.02
" Relative standard deviation
olF Aol thEm 3k 9 {FA9] B ol5/do] AASHA “*01 ULt Oxolinic acid®] &3}t B4 & SHS-=
F 8] A5 (Kow, octanol/water partition coefficient)2] 1= 0.942 Zl4=/Jo] X]U]' =9 it 9=+ 3.2 mg/L (20-25°C)=Z H|Z]

w2 Ho|t}19]. wbA] Oxolinic acid®] 4] W o544 %5017] Al =840l Hold AF HA 9 EAL %}Qo}ﬁi
F71Ho® B2 208 S4g thg o] A FYstPorng B3l oS B8 0 ojfE o] Azt A3lo] wheh BE wIgFo.
2 o]5o] o]FA Aozt d&5t%tH20,21]. EFE, FEAHS Ao 9%t Eai7t gl 714 8919 FFE AA I:W
gkoba] Z&A4do] 71 Aol QUeh22]. whehAl, Abpubtel sk o] Aejsha ExJo] Hlsxekil AP Q] E/497 314 H oxolinic
acidE 7fsHHol| 7Y o2 AT olFAdT A FE5| AFT AoR S5t
Oxolinic acid®] ZHFE-4 ZAatol] Th2H ARfUROA 257 P2 1093} ARFE OFA] FUYTE 3t ofRE - 4
Ho] &2 zl=efo] FRIE|QIt}. o]F 30UAIA] A&H O R AEHE T 50Ux} ARO|A AHH 0T FEFo] ZHasks AFS
Bof o] 54} A|&/do] Fatqict. uivHREY] F-9- 208 FAIF ?J—TL— HAEE RO =2 FHEo] FRIH 1T, 10Y
ZF AR FH, 209R} AR F - AROA Y FRIE FAEGl o, o] vl uRFo R FAFET 2093 o] F 5fo]
5=l Yd woo] AR AHETHFig. 5).
AphpRel HiUHRO] RRER o] thEA Yehd Al S A 7%, ofd £ 25 5 o 8]ld] 9t

AoR ARELE 1 F B4 342 MY 2 29102 FFslgink 1 ol BelolH E5E 2ol ZUREL o) SUFY
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Fig. 5. Average residual amount graph over time after trunk-injection as apple tree & pear tree.

17 https// K . https://doi.org/10.5338/KJEA.2025.44.02
PSJ/IWwWwW.Korseaj.org Agric. Environ. Sci. 2025, 44, 12-20




Article

5919 OISl FT A L, Ashiwel 2 A0 w7 AR £ AE A A2T AR
23 EYol 4 4 29 o] Hof o540l Qe WA Ao WAtk B0l AXT 49 B

2 G TR SEYSHE RS FHE k], AThIRe} LY ot 44 Aolo] U9l FHE 9

HaAT NAEANN AY S, $05Y A AF FRAZ BE £ ™ 5 27 A7t Lasi

il El> rﬁ )
-|o
)
-l>
_>d‘4
iC)
_?L
2

ofHI 7HE s 8 HE

SIS AFolA dERE E amylovorad]] 2] sHOA 7€ Atolo] HFA o= LAY QAL o] e S AlE - '
Al A= =0 WA o] whet il Aol FAAEE skl Atk TR, w7kl Aek] o AIE AESHA
= oFsfet oA 2o FFE & o AL AEA TS A5k 7HsAdol 2lo] Zisr]of oAl AxE BRt Al e FA T
HiASEAL QUoH1). =] Aejeg v S 253 t27] wiZo] v ARG wE sk |u FA 7100 oAl A =S S5l
SPFEE ANHOE Ao £ Sl W] AT AlFo|BR OkOH LYY f - FE AR A EF U9 85t

T4 S 8719 Al s FAH= b4 ol il 8718 44 =oldl uigor S s FAst=
] C}J\D} ?:]-Eﬂ/ﬂ XCQ l:ﬂ-la o Bi]-e /\]7]— LH _T_I_}_-_E_,] .1_-;0]:0] /\J—T—J—FJ: z?:]ﬂcﬂ 0¥0H7} H}}\ﬂ’@_— 33‘}%0] l_-:—X]U]- %-Eﬂ/ﬂ XCQ
< H2 A FYd £ LA g Ao ofs| I Ths/do] Ral eyo| A=A EEEE AHo] ATl & A=
A 7HsdS 2 436taIA} oxolinic acidE 3l4{sto] S84 ¢ WS &8st om 1 A3t ofsf= EASHA AUt
E IA 9] APAFo] wet E. amylovoraZt oxolinic acidof| 2]t XA A A5 (MIC, minimum inhibitory concentration)+=
025 mgL ola2 FRlslolck, WFF 4 ATH(Table 2), WLFRE] A9 575 T 0UAA slnolit AEH 0T R}
7} A% 245j0] AnE £Ee] oo ATIR B9 108ARE 50U 4 - F - o BE AR0] W Beol
025 mgh SR 0] o U] AL U 1A G2 32l £ S JRE Ao o
5759 T 100 A - F w0 AHRE 02 A - F AR S - 2E] o AHo] WA BT} e Ao A,
A Lo 8 —’F—Z_}—T—?J% 42 A Yol S4HHE] 7t A8 E et BYERY FE 2o 93 olFstH A9 Vs
&9l HiEE 2R 274 olEste A2 FASHA] Qhth9,23]. MW F& E. amylovora’t 22 &9 AAE T THE= A9
w2 Ate URo 7HAeE F5 Tt BAse R 25 23t o2 E4 dieRE FTIste U] Be Bejof IR
i]—o]‘é‘HO]: Sic},

2 AFE 7% 27} Oxolinic acid (10%) AA|9] $71FA0) A oFsfi7} AYSHA] FRAAL AR A 9] oFA| 2] o] &/ %t
A|&7go] EIE ]t EL MIC o) ZHRste ofa I Q] 7hs/do] SRl gleu® 741 A5 AXH AlgHAlQl A7
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Data Availability: All data are available in the main text or in the Supplementary Information.
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