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Abstract: In this experiment, we investigated the toxicity of tebuconazole (fungicide)
using domestic frog embryos, along the FETAX (Frog Embryo Teratogenesis Assay-
Xenopus) protocol. Bufo gargarizans, Hyla japonica, and Pelophylax nigromaculatus
embryos were incubated, and investigation of the tebuconazole effect was performed
by the probit analysis. As a result, depending on the concentrations of tebuconazole, the
mortality and malformation rates were increased and larval body length was decreased.
The teratogenic concentrations (ECso) of tebuconazole were 34.4mg L™, 10.6mg L™, and
14.9mg L™, respectively, and the embryo lethal concentrations (LCso) of tebuconazole were
747 mg L, 385mg L™, and 39.1 mg L™, respectively. The teratogenic index (TI) values
of tebuconazole were 2.19, 3.58, and 2.65; thus, it showed teratogenicity in embryonic
development of these three frogs. These results revealed that in this experiment,
tebuconazole suppressed the development of embryos at a relatively low concentration.
In addition, mortality, malformation ratios, malformation patterns, and growth rates were
similar to the results from the other assay systems. Therefore, tebuconazole was thought
to have an effect on the embryo development of domestic frogs. In future, it will be
necessary to identify species specificity in order to the clarify the causes of differences in
mortality, malformation rate, and malformation patterns depending on the species.

Keywords: pesticides, teratogenecity, Bufo gargarizans, Hyla japonica, Pelophylax
nigromaculatus
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(LDs)& 7] E02 23T gl o) 9lel =g 5o
o] Ego] mef ol R o2 Bhe o5y 71101 912

o Heb] AAEA AR 5 HEo E4EA
TEote] Hgotal %E}(KCPA 2015).
Tebuconazole{1-(4-Chlorophenyl)-4,4-dimethyl-3-(1,2,4-

triazol-1-ylmethyl)pentan-3-ol}-= Triazoleﬂ] AFAZ A

9] ergosterol A= Adfloh= 285 stof F2=2] 9

7R, FAE, S, AR Sl ditk Al e S W

Bl Ao 2 &elA 1tk (Tomlin 2000). Tebuconazole 2

725 "] 7oty YAIE A SR dHTH

= A, =53 5= Al 7387, 97, =

71742 ARG E, o] Qof| = ARt A&, Bgol Iy 5 o

&t 2zof| o BAE flef ol 8H= Aow dHA ot

(KCPA 2015; NIER 2020).

HF5=ol BFFoI5tdE 1 ratolA

LDso°| ¢, &= 22} 1,700 mg kg™, 4,000 mg kg™, mice©llA]

300 mg kg 019, AT EA (LDso) 2 rat®] &4 BE

5,000mg kg™ ol"d= UEtH= Aoz B EA (FAO

1994). = thE Aol A= AAIRE rato]] tebuconazoles

FoIgt & Hojd 715 AR A3 A rat> 94

SFStAl A rat> AEA7F D= oGS AT

(Taxvig et al. 2007, 2008).

Ao B8 APHoE ATele ol T
stof arE20) dg =A%l 9Eedse) 54
of oJgt 7|F7d APH SR Frog Embryo Teratogenesis
Assay-Xenopus (FETAX) B o] 2] AMS-=IL Itk (Fort
et al. 1988; Bantle et al. 1990; Presutti et al. 1994; Morgan et
al. 1996). FETAX 7|92 dotza|7hit H-E0 2] (Xeno-
pus laevis) 2] = gto| A HjolRAIE AA 3oz o] T
g SAIE E8ote &840l vl =2 Ao R o
214 QIct(Bantle et al. 1996). 13U 2 A EE4| o
SHTAL St PR Fof whE =/ oll ZHol7F 21o] (Hoke
and Ankley 2005) 3t =4 o FE welal Hothd
= s siA= s Foll tit Aol B asieh

o2 g FETAX 7|®¥ol =t 52FR7<l tebuconazole

of ot 7FA AF 5= Bt F= sBAE T

Aoz HAo] o] R0l = = EAF AR FAH|

(Bufo gargarizans)<t 7021 (Hyla japonica), Z7H+2]

(Pelophylax nigromaculatus) 2] ¥jopge] v|2|= 5/d 87}

£ glstalz} jiet

[e]
Tebuconazole+
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Aol AHE-HE 7748 (B. gargarizans)v= FT8 A B
A 950 9218 25 A| oA AL (H. japonica)
o} 2] (P. nigromaculatus)= "854 G A B4t 54
& AHEA] QoA ZF Fol MAAZ|of s 2 T2l
2 213 A zdskod A8tk

o} 4 AAIS

2, B M=

Amphibian Ringer -8 (AR; 6.6g L™ NaCl, 0.15g L™ KCl,
0.15gL™" CaCly, 0.2g L™ NaHCO3, 0.05 g L™ Streptomycin,
0.03g L™ Penicillin G)& A|£5}] pH 7.4= BH5o] ARG
Skt

ZHFA &G-S AHste] ALl A i B 4

el ofsl EdH 24122 HjolE F AlxHo] Fg
5] WrolA et %H'LE 7H Adriote& Ad9st

of afl=|et A O 2 |52 A ASIAL 24 £ 1°CoflA] Gl
Z17¢A] v Fste] Al el ]’ ST} (Johnson and Volpe
1973; Mathews 1986).

4. NEES2 N

Tebuconazole (%%‘ﬁ% = 7‘1]%)% DMSO® =9 1,000
mg L' stock solution &2 A X3t & o]& AR §H O 2 3
H3tel, Gbat AT vol W] A A 5 A
TE, 7195 2 7139 ES 2A6l] flsl FAH] Hiotol]
tebuconazole 1, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 mg LY,
7Nl et Zi] 9] vjote] tebuconazole 1, 10, 20, 30,
40, 50,60, 70mg L& 217+ 22| F 71 G t 23 H
WA ] HiFHA A=) sREE
AT AdEdoe] 2] g tiE7o] vid 10
mLof| FHl7|7HA] viFE Hiots2 2 A=l s=E
2 30714 EAIT F 2411°C2] 2EOA] 9617 HlF
SEAATh v 24417 A28 GO 7 wRSHH O A
=2 sk sVl ooz Aot AL BE F
Tgte] His 7] v iAol A AFRE HiokeS AR



5}o] ASTM FETAX guideline®]| T2} 33] o]/ vhE A
SHATHASTM 1998).

2 Azl Bel] 22 AL
Z-& 3% formalin®f] 1143}, ©
718 WA o R Fe =
ARt 11 AEE (52 WA/ =E 7iAlS) x 1002
& Artete] 7t =] AEES T 718 ES 964
ZFuleF & AYESH tadpolea WA w2, B5 9 L)
Z Hold g 719 AR5 ARSI A/4dA Y tadpole®]
HefolA Blojud 7oz Bt e 96AIt & A
E3 A T (VS T2 WA/ BFE A 22 A
) x 10022 Aitste g o] 7]gES Foirt A
YET 71PE S HE = probit analysis (SPSS 25.0)
£ 285t BEeAARE = (LCso), M F 5T (ECso0) S
FoFHem oF&® 96h LCso #2 96h ECso 22 LHr
] Teratogenic Index (TI)E -oF%] TI %ol 1.5 olAdo] =
A folidol = Ed= Y5t (Bantle ef al. 1985).
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Effects of tebuconazole on Korean domestic frog embryos
st weErjg o BAHSIAN BRO] 534 5= ¢
Fsiel Hpigen By, &

Tpx

2 A 0]— "J'(Bantle et al. 1998). Hijo}2] &
d=4o] 44

I=EUSSEL
2= FFE A A5 AM-423x
<} Dinocapture 2.0 I 2 738 (Dunwell Tech, US)<S AH8-5F
of Hjoto] 217 Bl {8 o] MR E ] 7129 A A
o] dolE 575t Independent t-test (A1 Z/3HA 95%,
p<0.05)E Fofl oot Ao FoldS 245k 4
ol v 2= FFE RAsHATH(SPSS 25.0).

2 1
1. 74| tljo} etof| 0| x| = tebuconazole?] B}

A 9 60mg L'RH 6.7%2] HIER e}
AJZFsE] 70 mg L' OA] 40%, 80 mg L™ ellA] 46.7%2] H]-&
2 st wobdel wet wijope] AAmle: S7FsH e
o], AAA} 2= 90 mg L' & LENGTH(Fig. 1A). 713 Hl
oh= 30mg LA 6.7%2] Hl&= YERLY] A2
o] 40mg L™'ollA= 66.7%°] 718E2 UEHACH 50
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Fig. 1. Frequencies of the mortality (A), malformation (B), pattern of malformation (C), and body length (D) in tebuconazole treated Bufo gar
garizans embryos. Error bars indicate standard deviation, and asterisks indicate a significant difference from control (0 mg L™"). *p<0.05,

**p<0.01.
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mg L™ O RE= 100%2] 7|82 HEFH ATt (Fig. 1B).
Tebuconazole®l| 2|3+ 7132 s o] W2} 20mg L™ ol A=
3713 (100%)°] == 0™, 40 mg L' ol A= A2
718 (96.7%), B3719 (3.3%), 60 mg Lol A= 12]7] g
(60.7%), 5713 (3.5%), =713 (35.7%), 80 mg L™"°]]
e 2719 (6.3%), 2217194 (18.7%), HH 719 (75.0%)
= UER At (Fig. 1C). Hilote] el mAle 4= =
AFeE A3t 2 (11.8+0.3 mm) Ol H]3) tebucanazole
o] %7} 60, 70, 80 mg L' 2 Z7FgHo] what 449 A
A2 109+1.2,11.340.8, 10.2+0.9 mmZ 74ote] Lt
Byt (Fig. 1D). Tebuconazole?] &1 & B2 A5
(LCso)E 7545 UEHSL W7 B85 = (ECso)E
34.45 YERH 2™ tebuconazole®l] 2J3F Hjope] 713
’d A4 (Teratogenesis Index; TI) ] F2 2.195 HEtH o]

tebuconazole<> F74H| Hljo} o] 7|4 Ed= 28

eh2 & 4= ATt (Table 1).
2. 4711 7e] ujot Wetof O]X]= tebuconazole? B}

AAHEE] 2 10 mg LA HH F= Hjobso] 2.5%
o] vl & & YEh] AlFtste] 40, S0mg LT & ‘=7t =of
A ZAREE 45,0, 100.0% %2 S7F5He 2ol 2HRIE Sl
o} (Fig. 2A). 7182 10mg L 5E] 53.9%9] H-&2 gl5]
7] A#ksto] AAREI w7 EA] & 20,30, 40mg L2 FE
7} oA 11 H]&0] 94.7, 100.0, 100.0% 2 5751
Tt} (Fig. 2B). Tebuconazole®] Gl oJsf] UeRd 7|4
2 FEFG7 T BTl g oo, 55
7185 A LJoh £ /71 9] Hgo] thE 713

=}
=z =
T

of

Table 1. LCso, ECso (malformation), and Tl (teratogenesis index) of Bufo gargarizans, Hyla japonica, and Pelophylax nigromaculatus embryos

exposed to tebuconazole

Species Exrosure time (hr) LCso(mg L™") ECso(mg L™ TIH(LCso/ECs0)
Bufo gargarizans 75.4 34.4 2.19
Hyla japonica 96 38.2 10.6 3.58
Pelophylax nigromaculatus 39.6 14.9 2.65
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Fig. 2. Frequencies of the mortality (A), malformation (B), pattern of malformation (C), and body length (D) in tebuconazole treated Hyla
Japonica embryos. Error bars indicate standard deviation, and asterisks indicate a significant difference from control (0 mg L™"). *p<0.05,

**p<0.01.

314 ©2021. Korean Society of Environmental Biology.



Mortality (%)

100{ A
80
60
40
20
0.

con 10 20 30 40 50 (mg/?)
g 1004 C Ocon (310 820 7 30 £ 40(mg/4)
§
s 804
©
£
& 60+
©
£
% 404
£
£ 20-
©
- N
0 T
Spine Tail Profound

Effects of tebuconazole on Korean domestic frog embryos

100 B
-
& 80
c
8
€ 60-
£
£
L 40
©
=
20
O,
con 10 20 30 40 (mg/f)
10 4 D
*
84 *
E *%k
£ 6
£
<)
c
]
> 4
°
=]
0
2
0 1 T T
con 10 20 30 40 (mg/?)

Fig. 3. Frequencies of the mortality (A), malformation (B), pattern of malformation (C), and body length (D) in tebuconazole treated Pelophy-
lax nigromaculatus embryos. Error bars indicate standard deviation, and asterisks indicate a significant difference from control (O mg L™").

*p< 0.05, **p<0.01.

of vlal =2 Hle= ARG o] 5] Hle2 s = 4
HEH ECsor HEIWE= SEHETH W2 10mg L9 5k
oMM #2FE71F 9 vlgo] A TEE AL ECso i th
E220mg L7 o] 9] FhoAe 57199 Hleol &
Al et (Fig. 2C). Hlilohe] Aol mlA]= g2 A
St A 27 (6.6£0.4 mm) 2] Aol HIS] tebucanazole
of k% Hjote] AL FE7} 12.5,20mg L' = F7}
ol @t 6.3+0.3, 5.5£0.8 mm=E ol Hal A%
o] FHAsto] et (Fig. 2D). 712 2] Hijoto] tigh
tebuconazole®] LCso<> 3825 WEFH I ECso> 10.65
LFERH e ™ TI= 3.585 UEHI QAT (Table 1).

3. X772 uljo} wWekoj O]X|= tebuconazoleQ] B}

S ZARY 2T 20 mg LA RE = Hioks
°] 3.3%2] H- &2 YeR7] AJ&Fsto] 40, 50mg L2 FE
7} 2ol A H A 40.0%, 100.0%2 AAREE 22 Z7151%
o} (Fig. 3A). 7182 10mg L' AR H 16.7%°] HIEE 1}
EfL7] AJSElo ™ 20, 30 mg L2 =7t EOFAHA|
96.4, 100.0% = 57F5FATh (Fig. 3B). Tebuconazole2] J&F
of oJsfl veht 719 9] TR A571%, Le71E, B
@ SOl Uehgon E31719 9] Hlgo] v 713 FHoll

H]sf| =3t (Fig. 3C). Hilobe] Aol njA= dd= A
St A3 2 (7.6 £0.4 mm) Ol B3] tebuconazole] 5%
7} 20, 40mg L' & F71ete] mhet 28] A2 6.7+ 1.5,
5.5+ 1.1 mm= 745t UEFH T (Fig. 3D). Tebuconazole
off oIt 7721 Hijote] LCso> 39.65 HEFHSIAL ECso
2 14.9, TI+= 2.655 HEH o] 27|JH=4 = 2H8oh=
20 &2 e TH(Table 1).

[

xt
=2

Tebuconazole®] A2 x} F7AH], 78], 7152
Z4Z+0] LCso 75.4, 38.2, 39.6 mg L' %101, L= Hfjo}
© L7t S el wet AAtE= HlEE FUshe] F
Tof oEsto] 2Akeo] F7loh= A UERTE Al
O] 73-% tebuconazole®] A|AZAT} Z}7to] tz o] H| Y
St S7rdel wet A o] AP fAsto] yrEstTh
Tebuconazole®] 22| A} FAH| 7], 7] Zt
Z}9] ECso2 34.4, 10.6, 149 mg L' 2 UEFF o™, 71gF
A FRERENN G, ARV, 1719, B4R o U
RISl Fieo] oEste] 71@E] S7FsH (Fig. 4).
Tebuconazole®] 2]t 71%@X]¢(Teratogenic Index; TI)
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Fig. 4. Various malformations of Bufo gargarizans, Hyla japonica, and Pelophylax nigromaculatus tadpoles exposed to tebuconazole. (A) B.
gargarizans control. (B) H. japonica control. (C) P nigromaculatus control. (D) B. gargarizans tadpole after 96 hour exposure to 50 mg L™’
tebuconazole displaying tail abnormality. (E) B. gargarizans tadpole after 96 hour exposure to 40 mg L™' tebuconazole displaying abdominal
abnormality. (F) H. japonica tadpole after 96 hour exposure to 10mg L™ tebuconazole displaying edema abnormality. (G) P nigromaculatus
tadpole after 96 hour exposure to 20 mg L™" tebuconazole displaying spine abnormality. (H) P nigromaculatus tadpole after 96 hour expo-
sure to 40mg L™" tebuconazole displaying propound abnormality. White arrows indicate abnormally sites. Bars represent 1 mm.

© 242 F794] 2.19, 77142 3.58, 7N 2.65= At
How, olet 71948 Aee 1LsEe grol 2 o Ald
E4o| H7|1PE 2= Aoz oA Hrt(Bantle et
al. 1985). T2FA], tebuconazole= A @l i EH & 7+
2] Hjopddof 27134 2H & A8ch= Ao=w Yt
o FAH O] ¢ 2~3of| ApAU FHAE FHeE
H2jo] o] foj2= Ao r IdHA Qlom, Aot &
M2l ol Q1 AR Aol AFdstm 4~74 Afolof]
H2]o] o] Foj2= Ao ® LA SIth(Yang et al. 2001;
Ministiry of Environment 201 1). Tebuconazole?] 3% 5
= 74 o] ¥Hste gtolEEYotmtE Y H ol &
TR3471, #9471, 57100 2 edEol A 8d7HA] o)A
59, QAFHES FAIE A AR EH, o] Lo
4, Ak, AL, 8y, Q1A T TRt Aol A-8=A 9l
T} (KCPA 2015; NIER 2020). 3] o] A7} g2 Zo7
o 49 §E4ol ofo] Tetwlo] AT B Atz £
A= 7hsAdo] 1.2 (Toshinari et al. 1998; Candela et al.
2007), B1=F W] TR iAo & 207 BUER At
Aot 9 A Eol A FoF HETIES 2Rt Ak &
V%] ATt (Baris et al. 2010). A1F2JFEI A ol A AJ7E 1t
FEAHS7IEY A A B, mobA] 22 A9 0.08
mg kg_ll'?—ﬂ IR T mg kg_l, iE(Hop) 40mg kg_177]'
A 5] 8E AL glom, FoF AlFe] BE 12.5%2] YA
2,00081 = 3]45to] ARESEAL Qlo] FARIE Al el A7
T2t A2 9 LCso 5 OV, ECso®] -7 B 5=
oo ® leEd 7FeAdol = AL ST (KCPA

316 ©2021. Korean Society of Environmental Biology.

2015). U=9] 7% Ao} 2] o] AAl5k= Pacific
chorus frog (Pseudacris regilla) 2] Xt 60%<] 7HAIENA
AW tebuconazole®] AZE A, 7RA| AA| 22 FHAlA
o 250 ug kg™ ©142] FEE tebuconazole AEE]O] &
A5 Aol e85 7730l 21= 2UtH(Smalling et al.
2013). WebA, FHAE SH 02 WA o] o]Fof 2] = oFA
7o 54 A A e Bl vioh el 9=

o =
2l Qe 7 o2 M7

i

=
], A7, AT O] AIES Xenopus
laevis WOFe]| tebuconazole©] L&EE & o HjoprEo
n]2)= Akt HI WS E T, X. laevis®] 739~ LCso©] 82.35
umol L' (MW 307.82) = UEII O™ Lk F7to &
Age] Aol7t A4S, XK (edema), 55 (blisters), &
(gut) B Ol Sf7 B3271%, 44719 Sol sfalslol
2 AT fARE AeFE UEh AT (Hwang et al. 2010).
B3 X. tropicalis©ll tebuconazole®] ‘eE % 7% LCso 7.29
mg L™ ©], EC50 2.76 mg L] S Uepilon] 55
Z A4 Z (hypopigmentation) ©] 1% AT (Li et
al. 2016). °| 3t 71 dof| Qlof 71 Fdelut Bl 5
= Foll Agle] FARRE HielS UehileT ol |9t
50 WS Asfich= 0= A2 Sli= tebuconazole
o] ot Eog 0‘17:]731—4'(Hwang et al. 2010). 131}
tebuconazole®]] &]$t W= AME L (LCsp) 2 B9
= (ECso)= ™ Foll wet 2ol & Ueidl= 2oz &
=31k

ol/Fe] AiE= Hol & AdofA AR 7259

oo
R



HJOoFEL tebuconazole 2] 2 L of HIZSH] HE-3-61o]
Hjopdigo] JakS A 7] d=E4 (teratogen) = 21§
she Ao peEloln, ATel5el Fo tet AN
% /1S S0 Aol S ekt U912 Bste] ot}
QoA ApelEe] ol utet Az ke dake] 7))
2o % Bold B4 58 7ok A7 o Bew Ao

= oA,

N 9

=l AAshs ZiF-e]E9] HiotE o]-&sto] AatAl
¢l tebucoanzole®] =& 1tetol7] 95| FETAX (Frog
Embryo Teratogenesis Assay—Xenopus) 7ol wiat F7AH]
(Bufo gargarizans), d7W-2] (Hyla japonica), F7}-2] (Pelo-
phylax nigromaculatus) 2] ¥joFE BiYSHHA] tebuconazole
O] BIHE probit BAHOZ FAFSHTE 1 A, tebu-
conazole®] o] oEsto] {0 A Hol= HFAaskal
2| AHE 7| &2 5715 9™ tebuconazole] terato-
genic concentration (ECso)< ZZ} 34.4, 10.6, 14.9 mg kg™
< UEFH AL embryo lethal concentrations (LCso)<> 75.4,
38.2, 39.6 mg kg ' HEFU ITE. Teratogenic index (TI=
LCso/ECso)= 212} 2.19, 3.58, 2.652 UEFUo] TAH], A
e, A wfjot Wrae] 2714 8= A8
& 4= ALt o)AFe] AFTEE Bt tebuconazole 2
SkollA Zite] wjore] ol wIZshA Hh-gshlow
A, 7198, A8E, 7139 52 7188 a5 v
WS of FARE A UEtde] =i AAlske 7
2l dfjopdeo] kS nlE & e Ao= AAAXH, F
of whet Arke 9 71RE, 7184 T2 Aol E vEll=
4l T= o] mefstr] AshA & 5old B4 s

Yot A7t o Hash 2o a oA,

REFERENCES

ASTM. 1998. Standard Guide for Conducting the Frog Embryo
Teratogenesis Assay-Xenopus (FETAX). ASTM E1439-98.
American Society for Testing and Materials. Philadelphia, PA.

Bantle JA and CL Courchesne. 1985. The combined use of geno-
toxicity and whole embryo teratogenecity screening assays
in predicting teratogenic risks. pp.175-176. In: Proceedings

Effects of tebuconazole on Korean domestic frog embryos

of the Second International Conference on Ground-Water
Quiality Research. Oklahoma State University Press. Stillwa-
ter, OK.

Bantle JA, DJ Fort, JR Rayburn, DJ Deyoung and SJ Bush. 1990.
Further validation of FETAX: evaluation of the developmental
toxicity of five known mammalian teratogens and non-te-
ratogens. Drug Chem. Toxicol. 13:267-282.

Bantle JA, JN Dumont, RA Finch and G Linder. 1998. Atlas of
Abnormalities: a Guide the Perfomance of FETAX. Oklahoma
State University. Stillwater, OK.

Bantle JA, RA Finch, DT Burton, DJ Fort, DA Dawson, G Linder,
JR Rayburn, M Hull, M Kumsher-King, AM Gaudet-Hull
and SD Turley. 1996. FETAX interlaboratory validation study:
phase Ill - part 1 testing. J. Appl. Toxicol. 16:517-530.

Baris RD, SZ Cohen, NL Barnes, J Lam and Q Ma. 2010. Quan-
titative analysis of over 20 years of golf course monitoring
studies. Environ. Toxicol. Chem. 29:1224-1236.

Candela L, S Fabregat, A Josa, J Suriol, N Vigués and J Mas.
2007 Assessment of soil and groundwater impacts by treat-
ed urban wastewater reuse. A case study: Application in a
golf course (Girona, Spain). Sci. Total Environ. 374:26-35.

FAQ. 1994. Food and Agriculture Organization of the United Na-
tions. Rome, ltaly.

Fort DJ, DA Dawson and JA Bantle. 1988. Development of am-
etabolic activation system for the frog embryo teratogenesis
assay Xenopus (FETAX). Teratogenesis Carcinog. Mutagen.
8:251-264.

Goh EH and AW Neff. 2003. Effects of fluoride on Xenopus em-
bryo development. Food Chem. Toxicol. 41:1501-1508.
Hoke RA and GT Ankley. 2005. Application of frog embryo tera-

togenesis assay Xenopus to ecological risk assessment.
Environ. Toxicol. Chem. 24:2677-2690.

Hwang YG, MJ Lee, YH Lee, SW Cheong and CS Yoon. 2010.
Toxic effects of fungicide tebuconazole on the early develop-
ment of African clawed frog, Xenopus laevis. J. Environ. Sci.
19:1001-1012.

Johnson RE and EP Volpe. 1973. Patterns and experiments in de-
velopmental biology. pp. 7-9, 215-227 In: Observation and
Experiments on the Living Frog Embryo. William C. Brown
Co. Dubuque, IA.

Li D, M Liu, Y Yang, H Shi, J Zhou and D He. 2016. Strong lethal-
ity and teratogenicity of strobilurins on Xenopus tropicalis
embryos: Basing on ten agricultural fungicides. Environ. Pol-
lut. 208:868-874.

KCPA. 2015. Guideline of Crop Protection Products (pesticides).
Korea Crop Protection Association. Seoul.

Mathew WW. 1986. Atlas of Descripttive Embryology. Forth edi-
tion. Macmillan Pub. Co. New York. p. 54.

Ministry of Environment. 2011. Amphibians & Reptiles of Namdo.

http://www.koseb.org 317



| I
Korean J. Environ. Biol. 39(3) : 311-318 (2021)

Ministry of Environment. Sejong, Korea.

Morgan MK, PR Scheuerman, CS Bishop and RA Pyles. 1996.
Teratogenic potential of atrazine and 2.4-D using FETAX. J.
Toxicol. Environ. Health Part A 48:151-168.

NIER. 2020. Guideline for the Safe Use of Pesticides on Golf
Course Lawn. National Institute of Environmental Research.
Incheon, Korea.

Presutti C, C Vismara, M Camatini and G Bernardini. 1994. Eco-
toxicological effects of a nonionic detergent (Triton DF-16)
assayed by ModFETAX. Bull. Environ. Contam. Toxicol.
53:405-411.

Suzuki T, H Kondo, K Yaguchi, T Maki and T Suga. 1998. Esti-
mation of leachability and persistence of pesticides at golf
courses from point-source monitoring and model to predict

318 ©2021. Korean Society of Environmental Biology.

pesticide leaching to groundwater. Environ. Sci. Technol.
32:920-929.

Taxvig C, U Hass, M Axelstad, M Dalgaard, J Boberg, HR
Andeasen and AM Vinggaard. 2007. Endocrine-disrupting
activities in vivo of the fungicides tebuconazole and epoxi-
conazole. Toxicol. Sci. 100:464-473.

Taxvig C, AM Vinggaard, U Hass, M Axelstad, S Metzdorff and C
Nellemann. 2008. Endocrine disrupting properties in vivo of
widely used azole fungicides. Int. J. Androl. 31:170-177.

Tomlin CD. 2000. The Pesticide Manual: A World Compendium
(No. ed. 12). British Crop Protection Council. Alton, UK.

Yang SY, JB Kim, MS Min, JH Suh and YJ Kang. 2000. Mono-
graph of Korean Amphibia. Academybook Press. Seoul.



