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Abstract: Buprofezin is a thiadiazine insecticide that functions as an insect growth regu-
lator, exerting its insecticidal effect by inhibiting chitin biosynthesis. In Korea, it is com-
monly used as a pesticide to control planthoppers, greenhouse whiteflies, and scale
insects on various crops. Despite its low water solubility, buprofezin has a high affinity
for soil particles and can accumulate in sediments within aquatic environments, posing
a potential risk to non-target aquatic species. This study evaluated the acute toxicity
of buprofezin on two species: the OECD standard species Chironomus riparius and the
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bsi//doi.org/ ! native species Glyptotendipes tokunagai. Acute toxicity tests were conducted following

Korean J. Environ. Agric. 2024, 43, 223-232 OECD guideline 235, and median lethal concentrations (LCso) were calculated using

the US EPA probit analysis software. The results showed a 24-hour LGy, of 1.587-2.560
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A ATH2]. ES ARE FoR2 pAREC =Ed A HAE FAE0] AMAE RAAU 9FE 71E & Ak
Buprofezing [(Z)-2-tert-butylimino-3-isopropyl-5-phenyl-1,3,5-thiadiazinan-4-one] X|o}tjo} A &5 A 24 ASAZ 2L
29 EAE Aoke FHES F8AAER] 71 S Adete] A4S 8IS ERTTH3]. Buprofezin Y=ol F/J0]

U AoE A glom, buprofezin®] thet THg 9 ofgHy L& NZ2Z 9] 2A|5h4 129} QI3 Wakg Zefsto]
23 AgA] FFF= 71ZITH4]. Buprofezin B, 4 E I 5 ThFEE AEo HAR, 247, ZAXdE 59 WA
AR ARGELL QLI AV R R 2ol BE Hg Ao, 4 M E FRHPEAEE THAIAL Qlof ZREo] AEdt
EQFol| v e FS 4 ATH5]. BT vV A3 A F0A9] £ aato] #it At AgHEol7] WiEe] JRE
o] ZA LR UL E AFoHA Besfiof gtrte]. 0|2t 22 59 AMES &, HIAE SAHAR RHRER QI BlHE B2
ol IS 713 & o, vfet sAE AR2H buprofezin®] THREo] A4, B 9 EGY A HEEH At
[7-9]. Buprofezin®] FFE2 o, &, TZAE Bl AACl €A FA= ZALA A7 AL 2HT 5= SltH10].
Zw=t(Chironomus riparius)= T2 ZWLo] &35t OECD X+ AlABERE 424 qlon, shd U EA&E] A4lsk=
E40= Qs AA L vdT 5 e ARPERE ARGEIL ITH11]. 2UTFE 73 Al71ole sl E2E AtolofA
9 LS stort AGet AARIE 2o EFE] A2tote] AA AgS ok ZoE IEA Qi) EIL ZutE 252
G4 S04 7P TR 2FAFE tE F9 Hol& 7|56 i EHH o R FR3%t AT skar QUTH13]. 4
oA g Bdl AE FollA C ripariuse SAEEA A 52k RS B 6 REAAA AlFOlA dE AR E
= AE & 5 stueltt14]. C ripariuse 877178 B, 75 DA HAEL DA HFoto] Aw AdoA HA
A 5= Qs Aol THI5). Bl C. ripariuse= SAAI ROl tie BEAIY ABECIAT, oA EXEIF Ao 4
gA9] 5442 wtgdste dl ol=wol vk 2AZT(Glhyptotendipes tokunagaiy= I} S Zuptitol] &3k S| 51
E325k= AEE f71E0] B2 ZAsH & AAlskes AoE d#A flom, C riparius?} Zo] HE7L &4 HYUH
S Tt ATl 8T 5= UTH16). C. riparius 52 ZFTE Zup it &l 252 HYE IART 5 U= 5=
54 grto] AREE I 91w, oA E5] Egl| &, 3R 7HsAol & 59 AR SN T A+t
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2 AHl 9 ®eis HAIE Aste] AMEE 52 EYE AT (log Kow)7t 3 o141 B9 FA|o eEEH EFIA]
249 7Fs4dol AtH20]. Buprofezine F=43FE2 EFFEAT7} 49308 BT HAE
of EFYAol F&E7] 49H, A A =Ed S HAE FA = A AR IF=
UTH21]. A F71A], buprofezinof Hi3t SFYE] 54 B7l A= W F(Daphnia magna), oFZ2]7HH|7|(Clarias gar-
iepinus), ZZ A2 (Chrysoperla rufilabris), O] N E 7] (Aedes aegypti) 5 5= WO 2 $3H v} Qlti[22-25]. 912+ Zol,
buprofezin©] Aol AEEHH FYPE Al leEd 7ol 2L, A S22 f1do] AATH26], ol A buprofe-
zinof| gt BB E0 it =4 AdFe ST AAolh

ebs] & Atolas FARE Foll =&E 7ol & buprofezing O R LAY E] gt FAH GHE Aol
AT ARE EEotuAt Bl AEQl Z2uret S EAREY 27 ZAwtE ARESto] S5 JdFE7E SAs

' oot
% &
oy 1
)
O_>f'.. §9‘
fjo Kl
N

U
¥ 2

N ok
N
1

B Ao A3t buprofezin Dr. Ehrenstorfer GmbH (Ausgburg, Germany) <%= 99.85% A|l&& FuistoH, A &of
2 K18 acetone Merk (Germany) <1 99.8% AES Footo] AHBSITh 20T Ak 9 FAZAAIEO]) AFER M4
HJZ]&= OECD test guideline 235] whe} A 23519 O M (Table 1), M4 HJA] A|Zof AR&3t A|FE-2 Sigma-Aldrich (USA) AJZ-S
A8 SHeI.
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Table 1. Characteristic of M4 medium to culture Chironomus riparius and Glyptotendipes tokunagai

To prepare to combined stock solution

solution | to deionised water

1 H;BOs 57,190 1.0 2.86
2 MndCl; - 4H,0 7,210 1.0 0.361
3 Licl 6,120 1.0 0.306
4 RbCl 1,420 1.0 0.071
5 SrCl, - 6H,0 3,040 1.0 0.152
6 NaBr 320 1.0 0.016
7 Na,MoOQ, + 2H,0 1,260 1.0 0.063
8 Cudl, - 2H,0 335 1.0 0.017
9 ZnCl, 260 1.0 0.013
10 Co(Cl; - 6H,0 200 1.0 0.010
1 Kl 65 1.0 0.0033
12 Na,SeO; 438 1.0 0.0022
13 NH,VO; 11.5 1.0 0.00058
14 Na,FDTA - 2H,0 5,000 20.0 25
15 FeSO, - 7H,0 1,991 20.0 1.0

Both Na,FDTA and FeSO, solutions are prepared singly, poured together and autoclaved immediately. Separate stock solutions (I) of individual trace
element are first prepared in deionized water of suitable purity. From these different stock solutions (I) a second single stock solution (I} is prepared,
which contains all trace elements (combined solution).

No Macro-nutrient stock solution ~ Amount (mg) made upto 1L  Amount of macro stock solutions added Final concentration in test

(Single substance) of deionised water to prepare medium M4 (ml/L) solution M4 (mg/L)

16 Cacl, - 2H,0 293,800 1.0 293.8
17 MgSO;, - 7H,0 246,600 0.5 1233
18 Kl 58,000 0.1 5.8

19 NaHCO; 64,800 1.0 64.8
20 NaSiO; + 9H,0 50,000 0.2 10.0
21 NaNO; 2,740 0.1 0.274
22 KH,PO, 1,430 0.1 0.143
23 K;HPO, 1,840 0.1 0.184

The combined vitamin stock solution is prepared by adding the three vitamins to 1 liter deionised water, as shown below and 0.1 ml of the combined
vitamin stock solution are added to the final M4 medium shortly before use.

No. Combined vit.amin stock Amount (mg).made upto1L Amountof macro stqck solutions added Final coqcentration in test
solution of deionised water to prepare medium M4 (ml/L) solution M4 (mg/L)

24 Thiamine hydrochloride 750 0.1 0.075

25 Cyanocobalamine (B;,) 10 0.1 0.0010

26 Biotine 7.5 0.1 0.00075

The medium is aerated and stabilised.
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23 ( Chironomus riparius)
Z=(C. riparius)= AZAHA SN EFHTol H At 471648 ATE ARAA A AN FQ F
AEBER ARSI AAES E54H AR 8710 ZHE 2cm #°|2 Z3L, 11 9]o] M4 HiA|E 5cm E0|® F2
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Table 2. Breeding conditions for C. riparius and G. tokunagai

Breeding conditions

Parameters
Chironomus riparius Glyptotendipes tokunagai
Cage (cm) 45 (L) x 40 (W) x 40 (H) 212 % 14(H)
Temperature (°C) 20+2 25+2
Light-dark cycle 16 hlight /8 h dark
Quantity of light (lux) 500~ 1000
Feeding Tetra-min® (Melle, Germany)

235 THTable 2). AH% $20] ¥ Erlo] B 23S AYstod M4 ¥A7H oI A1zt e ciol 4 vieFsiglon,

55 5 2%0] AW 197] 9%

ZZPAA( Glyptotendipes tokunagai)
ZZPATH(G. tokunagai)y= PA/GH7EAF A0 A Egor s daetd Y] 547164 ATs AN AR S
£g ABUEE ASSATE ATBBES Me A% Ba(< 72 um)E AN BEF G2 SxolH, LF 250°C, F 22
16A17F 9F 274 8A17F I RT 500~1000 Lux 20 F AR5l oH, tjd &7 Zof B Tetra-min® (Melle, Germany)=
SEoFATHTable 2). Y53 F % Higo] 7=k ¢S skl M4 HjA|7F S0 Q= A HEZH S
oA S, 2 T 5ol AT 297] 5 AR AHEIAL

N

FAEAAAIE L OECD guideline 2350 &5t0] =54t C. ripariuse= F3F & 24 9 187] 52, G. tokunagai= F-3}
T 59 1 2%7] R3S Aol ABIASIT, AT 842 BALSE ABIACH, ABTRE AUBAAIT, SPos 2
T+ 2 80 tfFF(acetone 100 ul/L OJ5HE FUT}. C. riparius®}t G. tokunagaio®| 93t buprofezin AP 5L+ 0.2, 0.4, 0.8,
1.6, 3.2 mg/LZ A5ttt A8 €7]= 100 mL H|AE AFEsIY o AldsEdlE 2AY AlZE89S 20 mL A &, &
A Zuitt 4 SRS T 50 9] AIAES mEAIA Ao R A St (Table 3). ARs9] wgh glo] A[EA
22 A3t 4847 B2 BASHHOH, AR A o] R Felu Aol 1557 Basto] vlele] sfejeto} 27
ojA] LAY ZAHE /A A T 752 Ho|7t Hoj AIF &71oA AR AiAIE AAFE Ao® WS AlE 71t Bt
Hol= T30k &Y F 2 16417 & 24 8AIZF E R 500~1000 LuxZ F-A5tR O W C. riparius@t G. tokunagai®]
A R 22t 2002°CS} 2502°CE RS ATE A% T 204103 484100 859 A4 AR S5 2ARIHOH, 0]
EPA Probit analysis program (Ver. 1.5)& ©]&38}0] WA AMs =& AFESTSIT

Table 3. Test conditions of acute toxicity tests for C. riparius and G. tokunagai

Test conditions

Parameters

Chironomus riparius Glyptotendipes tokunagai
Temperature (°C) 19.6+0.62 23.9+0.17
DO 7.72+0.21 6.63+0.45
pH 7.86+0.03 7.00+0.19
Life stage 1st instar 2nd instar
Quantity of light (lux) 500~ 1000
Light-dark cycle 16 h light / 8 h dark
Replication four
Test vessel 100 mL (inner 4.5 cm) beaker
Solution volume (mL) 20
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A=l AFFAIAR 25

E AFo A= buprofezin®] tigt C. riparius?}t G. tokunagai® F/94=3A1HE FHo17] lote] A FF=EL] ARBA|AHS
L2V C. riparius ALAEE Fig. 1)} o] AZ1E EHE olaY AR oto] Ma HjXI7F Sol G AZE §71% HjHIS)
Fom, ofZd AR FFo= 85ROE Wroldl AYE AHRE JHE FoloH, ofFolEE B d+E MHT &
AEE A3t G. tokunagai AFFAIEAL T 5 mm, AF 12 cm, %°] 14 cm®] WEFEo] YA 2717} <70 um ©]d}k
2E 5 cm Fol2 FUSLO, Fig. 10)9F 2] 15xL5 mm 2719] PE AL e K9 A@AEo] H2E 4+ YD
st  A9gEel PgAR At A% Sisto] ASHE 17800 18] ol AAsiEon, 4aFEE FUH HES
air pump LP-10A (Jeongsu, Korea)E °©]-8-5l0] AL AAE FHoIATE ARSAIAH] 752 B9l C. riparius®} G. tokunagai
£ AYHoNA 20228 7F 20249 119 FA7HA] HFH 02 Ao AT 4= d%loH, AF F F= ol&sto] woo] gt
54 WAL RSES A9 Jehe theisst

Fig. 1. Breeding device of C. riparius (a), G. tokunagai (b) used in this experiment.

Z1(C riparius)ol List 2HSHAIE

Buprofezin *2] & C. riparius®] 23U AP0 2 TESE A3, 3.2 mg/Le] IsEolA T A& E7A%H & Yol

THE QLA 24A17F Foli= LE FA| oA HAHo] HojX|il Fo] F=HE1L 5ol FA5HA FolEe Aol &1l 549\13

48A17F AT} Foll= 0.8 mg/L F= o4 AE|FolA Aol Ao ' Wk, Fo] HAE o] F2%do] gl /HAl 7t *7}01'
= o8 WHEUH(Table 4). 53], 3.2 mg/L A Fof| A= 244t 0]F0f 90% o/ ZARRE /fA4=7F ZRIE A0 4847t
o|Foll= B JfAZE AAetE AR HEEJCH, 0.8 mg/L XA 24A17F Fof ZAF FRAG7E 10% R 2, 48A4]7F
ool AAAAGTF 50% oALoR B Z71oke AL Rtk Eopol A FHIT BFIPH0] £ chlorfle-
azuron 5 652] FAZ HFCE C ripariusol] tiet FAZAHAIHONA s Aol AddA A 2Fof &5 BlEAY
BT §Yo] BRI, A7 FT} Fol & TR BEHo| A9 HolAH, 4847 A3} Fohe AL
Eo] A FeE T AMo] AZM o7 Hol= AoF BT QATHIS8]. ESE phenylpyrazoleA A5A| fipronile C. ripariusO]
&39S u), 7P =2 550l 256 ug/LofA] 48A17F 3o A|F A 471 BT AAfSHe A0 R Bl QirH27]. Kim et
al. (2009)8] AF[17]9] W2, C. ripariusE thiocarbamateZ] A|ZAQ1 molinate 25 mg/L, 50 mg/L2] X0 &5 ),
£ A7 E5ARE 2 }00] WAEQ oW, 24A7F o= A Mo] FFE2MOE AR Fo] F=28 &1 540l A9
QolAE Aoz Wiy, olad AT AT B YA et AF Fo W83 A
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Table 4. The symptoms and mortality of C. riparius in the acute toxicity test for buprofezin

Exposure period (hour)

Concentration (mg/L) No. 24h 48 h
Symptoms Mortality (%) Symptoms Mortality (%)

Control 20 N (18),D (2) 10 N(17)D(3) 15
Solvent control 20 N (19),D (1) 5 N (12),D(8) 40
0.2 20 N (20), D (0) 0 N(17),D(3) 15

04 20 N (16), D (4) 20 N(13),D(7) 35

0.8 20 N (18),D (2) 10 N (8),D (12) 60

1.6 20 N (14), D (6) 30 N(9),D(11) 55

3.2 20 N (2),D (18) 90 N (0) D (20) 100

N=Normal, D=Dead

ZZPZM( G. tokunagai)l LSt 2HSMHAIE

ANEHA HE] F G. tokunagai®] WH-g-& FRITE A}, 0.8 mg/L Ao A 24417 50% o]Fo] A== ACE LEO
™, 1.6 mg/Le} 32 mg/L A 2|70l A= 85% o XJALE = Ao R FRIE ). £3], 48A17F o] Folli= 1.6 mg/L o4} A 2]of|A]
90% o AAMEE ACE UERGTH(Table 5). A|@A0 & G. tokunagai®] AW AF2MOE A= A o02 s
of thxoflA HofA= AP FH2 AN} A FEL = AU oH, 2447 Foll= Fo] FA I FZ|YPo] QlojAl= AR
FRI=ITE. 3.2 mg/LY] M5k Aol dF HA7F A E%ET o)A Kim et al. (2009)2] A+ ATH17]2} o]
02 HASoNA ZAEAE Ao R sttt ES Bang et al. (2023)2] A-H[19]0] W=, AFA] etofenprox®} fenpropa-
thring G. tokunagai 27| 30l k&ol¥E W, e oA Ado] AF2M 02 ZsA|H, F2]Qlo] glojxrtal ¥l
Skt ol & AolA TEHE AlY F9 v fARE Ao R FRIE I

Table 5. The symptoms and mortality of G. tokunagai in the acute toxicity test for buprofezin

Exposure period (hour)

Concentration (mg/L) No. 24h 48 h
Symptoms Mortality (%) Symptoms Mortality (%)

Control 20 N (20), D (0) 0 N (20), D (0) 0
Solvent control 20 N (18),D (2) 10 N (18),D(2) 10
0.2 20 N (19),D (1) 5 N (18),D(2) 10

04 20 N (19),D (1) 5 N (19),D (1) 5

0.8 20 N (10), D (10) 50 N (5), D (15) 75

1.6 20 N (3),D(17) 85 N (2), D (18) 90
3.2 20 N (2),D (18) 90 N (0), D (20) 100

N=Normal, D=Dead

Buprofezin®| =&%|1l 247k 48417 A & AP HXo WE C. riparius®t G. tokunagai®] AANES 915t} C.
riparius©l| TH3} buprofezin®] F4=/JAIE A, 24A7H 48A17F LCs°] ZH2F 2.089 mg/L, 0.951 mg/L¥ L, G. tokunagaio]
3t buprofezin®] F4=/4AE AT, 24417k} 48A17F LCs°] 242 0.902 mg/L, 0.747 mg/LATH(Table 6). Buprofezin®] tht
T F9 54 UHEE H|wol¥ S w, 48A|7 A G. tokunagaiZ7t C. riparius Bt 54 WHE7F oF 13871 o &2 Zlo=g
UEFATE Bang et al. (2023)9] HAH[19]0] WEH F Fof St etofenprox®] =4 WAL= 48A|7Ho| A C. riparius?t G. tokuna-
gai Tk oF 5.8°] T &2 07 UEl} O, fenpropathrin®] WA TE= C. riparius?t G. tokunagaiBtt 574 W E=7}F F 150H]
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Table 6. Acute toxicity of buprofezin for C. riparius and G. tokunagai

LCso (mg/L) (95% C.L.¥)

Species Reference
24 h 48 h
Chironomus riparius 2.089 (1.587 ~2.560) 0.951(0.471~1.421)
Glyptotendipes tokunagai 0.902 (0.679~ 1.143) 0.747 (0.536~0.936)
Aedes aegypti (larvae) 20.72 0.34 Jahan et al. (2011)
Clarias gariepinus (larvae) 5.702 (3.198 ~ 8.898) 4.642 (3.264~6.287) Marimuthu et al. (2013)
Daphnia magna - 0.44 Liu et al. (2012)

C.L: Confidence Limits

o)

A|F7HA] Bl buprofezin®] PP E0| Het E4 A+ ZIE AHEH, EVSE(D. magna)2] 48417k LCs°] 0.44 mg/L
[22], O] EL T 7](A. aegypti)S] 48A17F LCs®] 0.34 mg/L [25], BotZE|7HEAN(C. gariepinus)2] 48X17F LCs°] 4.642 mg/L
[23]2 Q1= Buprofezin®] T3t C. riparius®}t G. tokunagai®] 48A17F LCx°] 22 0.951 mg/L}t 0.714 mg/LE =4 W T
£ EYSH olJESLY|HT Y2 A0 E AT Buprofezin HotZe]7HsA oA 5 mg/L 0|5+2] wof 4] Hijo} &
F5Y EEol|l FAFS 7AH BT W R, FFESUS, A9 28 59 S4S UEdle Ao dEA Qith23]. E3h
buprofezinS FAN| AT} A3} AU S-S Fol A B0 A|(Zebrafish; Danio rerio)o| A Hjol /o) A528-E dov|= AL
2 HE9TH28].

B AJL|A C. ripariuss= OECD guideline 2359 wet 137] 452 o2 AFSIH O, G tokunagai= 274 187]
39 AARgo] =7 ¥ E o], Bang et al. (2023)9] WH[19]7} o] 287] §52 WILE SHAHS Hotleh dvtdo
2 Chironomus T2 544 W7 O GA9 F0] GEFE wobxltta A ot Chironomus ol thet landane®]
F71d =44 THEE 2ARE 23, 48417 LCy ghol 187171 2871 HTt 1~3.6417F 2 Ao & K3t vf QIr[29]. E3L
thiocarbamate| AZA| molinateo]] thTt C. riparius®] F71'8 54 7} 3o 29, 18 5-5°] 48 f-3E0 54 Ud=rt
6.4H] =2 Z o0& SRRIE|TH17]. o]t F7]of| W& F4WH3-2] Aol= FEAZL & 1 EE gt 45 dAEE YE

= Bug Aol dAOE & 5 QT}30].

Buprofezin> X319} 53 199 E2A&E A=A 0.003~0.02 mg/kg®] T==[31], WITH F92] EHE A=A
31 0521 mg/kg?] FEZ[26], AHQI FFEFLF A9 9] spo A AT AR 14%0]4] 0.0023~0.0044 ug/LE HEE N0
H[32], A E &7, WEAT 527 HEFolA 0.02~0.09 ug/l 282 HILH HE QIth(33]. o]X7, TAEo] Axd
buprofezin® A k&= o] sh & EFZo| EAfct= AR IRl Qlth wWakA buprofezin®] tgt P&
et FFS HS Aes] mpotsty] ffsto] AAYES FFE7F 5ol HetEojof & Zow AZH

AR 5 FARE 54 B7HE AT ZEAEHL AR oA AR 42 olFAH B A, o)), E¥EE Y
O & ARESHIL Qo o]E2 7, T, 5P Bl YA o' AAlste A4S AEE EAS ISRl Zstal lTH17].
C. ripariuss= OECD guideline 2350] wa} ZFEA|E o2 LHHAT, FHY A AHA Y EFE FSE0] TrYstar A
ol =i 4, shd 59 AEAE sk BE $9 g7t Bastth B3 EG IR0l 21 HE ThsAo] & e
FAAEC =E2EHW HHE| SHE o] SAARE S v F JOBE AR HXE G AHH R Hrloh=
o] Fastth FUolA G. tokunagain= = Ui PR =4 B7H34] E A4 W A5A00 ol85= & & B7F A(35]
o &g=ojgitt B A A3} Y o) AAS= G. tokunagai= BEAIHOZ ARREE= C. riparius@} Zro] 59F0] SAME
54 7o) 2849 5 e AR IRIEI o g Foko gt £ANES] JFZ FE5HA Fetetal U sAYEHAE

MY ¢ YEE 5F 52 A 20T F 59 Bt Sfsolol & o Mzt

d

e,
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2 E

Buprofezin> Z[ott]otlA| 2544 284 ASA= 7|9 AS Adfiste] A5ads Hetid, oA tefet 2=
o) 835, £7hFol, AR WATK: o AEL Uk Buprokein 2 PEAHE PR EY ok 25y
o] £3 2487 U H4Eo] S5 5 o] WA SAeE] BAH Hglo] ek, 2 QTE OKCD HE ABE Chirono-
mus riparius®} = B2} F21 Glyptotendipes tokunagai®l| T3t buprofezin® GA=E4S H| W oF} Tt Buprofezin® C. ripariuse}
G. tokunagaiol| 43t FAHE/JA S OECD guideline 2350 F5}0] 8851 0, <X AFs L+ U]=- EPA probit T2 1312
ARg5to] BA5IEE 1 AY} C riparius®] 24A17F LCs°] 1.587~2.560 mg/L, 48417t LCx©] 1.587~2.560 mg/LE LEFOH,
G. tokunagai= 24A|7F LCs°] 0.679~1.143 mg/L, 48A]7F LCs°] 0.536~0.936 mg/LE T %2 WAL E B} o|Hst A=
C. riparius?t = B2} F2 G. tokunagai B TG NA 5oF A5 F7HE B4k H &8 4 Ak A2 Auleith
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