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Abstract: Acute and joint toxicity of three pesticides to an anuran species tadpoles was investigated. With the
method of stability water tests, we examined the acute toxicity and their pair-wise joint toxicity of
metolachlor, kresoxim-methyl and prochloraz-manganese chloride complex to the Chinese toad (Bufo
gargarizans) tadpoles. Our results showed that the mortality of experimental tadpoles was significantly
affected by treatment concentrations of both pesticide alone and their pair-wise combinations (Table 1, Table
3, One-way ANOVA, n = 10). Under acute toxicity alone treatments examined at 24 h, 48 h and 72 h, the
median lethal concentrations (LCsg) of metolachlor were 29.81, 28.81 and 25.83 mg/L, respectively; the
corresponding values for kresoxim-methyl were 1.72, 1.46 and 1.41 mg/L, and those, for prochloraz-manganese
chloride complex were 7.43, 3.75 and 3.22 mg/L, respectively. The safety concentration (SC) of metolachlor,
kresoxim-methyl and prochloraz-manganese chloride complex were 8.07, 0.32 and 0.29 mg/L, respectively
(Table 2). The metolachlor was moderately toxic, whereas both kresoxim-methyl and prochloraz-manganese
chloride complex were highly toxic (Table 2). Under pair-wise joint toxicity treatments, the effects of
combinations of metolachlor/kresoxim-methyl and metolachlor/prochloraz-manganese chloride complex were
moderately toxic, while the combination of kresoxim-methyl and prochloraz-manganese chloride complex
was highly toxic (Table 2). For the joint toxicity examined at 24 h, 48 h and 72 h, the LCs, values of
metolachlor/kresoxim-methyl group were 18.41, 15.69 and 13.38 mg/L, respectively, with corresponding
values of 15.56, 10.45 and 8.11 mg/L for metolachlor/prochloraz-manganese chloride complex group, and
4.17, 2.84 and 2.00 mg/L for kresoxim-methyl/prochloraz-manganese chloride complex group, respectively
(Table 2). The safe concentrations (SC) of metolachlor/kresoxim-methyl, metolachlor/prochloraz-manganese
chloride complex and kresoxim-methyl/prochloraz-manganese chloride complex were 3.42, 1.41 and
0.40 mg/L, respectively (Table 2). For toxic evaluations of pair-wise combinations of the three pesticides, the
toxic effects of metolachlor/kresoxim-methyl group at 24 h and 48 h showed antagonistic, whiel
kresoxim-methyl/prochloraz-manganese chloride complex group at 48 h showed adding effects, and the remain
treatments showed synergistic (Table 3). Likewise, the results of repeated measures ANOVA indicated that
pesticide concentration, exposure time and their interactions significantly affected the tadpoles survival (Table
5). Combined and compared the data previously published, we found that the tadpoles of B. gargarizans were
highly sensitive to various pollutants. These results should provide us some valuable scientific references for
further investigation of toxicity in anuran species.
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Table 1 The effects of acute toxicity of three pesticides alone on mortality of Chinese toad tadpoles

WRE (mg/L) BET-3% Mortality (%)
Concentration 24h 48 h 72h
0.0 o o o
10.0 o o o
23.0 5 10° 25°
AR R 26.0 15° 25° 45"
Metolachlor
30.0 40° 65 85°
35.0 65" 90° 100°
40.0 100°
One-way ANOVA Fe13= 137.556" Fs,11= 257.500™ Fs,11= 144.600™
0.0 o 0° o
11 o4 0 o
. 12 0 10 15°
Kresffi:ﬁriethyl 14 107 20° 30°
15 25° 65° 80*
17 45° 80" 95°
1.9 75 100°
One-way ANOVA Fe13= 76.889™ Fe13= 481.667" Fs11=314.760"
0.0 o¢ o¢ o¢
1.5 o o? o
DR 4 22 o° 257 35°
Prochloraz-manganese chloride 3.2 109 40 45°¢
complex 47 o5¢ 60° 65°
6.9 55° 95° 100°
10.0 70° 100°
One-way ANOVA Fe13= 116.500™ Fe13= 79.500" Fs11=119.533"

xRN PN FIVR BEZ A RIS AT T LR, 725 B3 P < 0.001;  bbs A AR FF BRI IS B TR LA 75 7 B35 (Tukey's test, o
=0.05,a>b>c>d>e).
=% within the same rows indicated significant differences at P < 0.001 in tadpole mortalities among different concentration; different

superscripts indicated significant difference in tadpole mortalities among different treatments. (Tukey's test, @ =0.05,a>b>c>d>e) .
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Table 2 The half lethal concentrations (LCs) and safe concentrations (SC) of the three pesticides

and their pairwise combinations

e v PHBCHSE LC AR SC
Bl Ch) N HIXAH (RD o -
- &I ) (mg/L) (mg/L)
A2 Pesticide Exposure . . . Correlation
. Simulation equation . Half lethal Safe
time coefficient . .
concentration concentration

24 Y =0.280x - 3.346 0.869" 29.81
e -
A 48 Y =0.218x - 1.280 0.994" 28.81 8.07
Metolachlor .

72 Y =0.367x - 4.480 0.953 25.83

24 Y =3.720x - 1.397 0.985" 1.72
—
Mlﬁm. 48 Y =6.890x - 5.046 0.898" 1.46 0.32
Kresoxim-methyl .

72 Y =5.683x - 3.008 0.922 141
R kT £ 24 Y =0.265x + 3.031 0.937 7.43
Prochloraz-manganese chloride 48 Y =0.567x + 2.874 0.986 3.75 0.29
complex 72 Y = 0.874x +2.184 0.877 3.22

24 Y =0.224x + 0.820 0.989" 18.41
EL TS R W _ ik e
7 L - B 48 Y = 0.357 - 0.600 0.993" 15.69 3.42
Metolachlor - Kresoxim-methyl R

72 Y =0.551x - 2.375 0.907 13.38
SV VB - WK 24 Y =0.189x + 2.060 0.992" 15.56
Metolachlor - ) 48 Y = 0.229x + 2.606 0.991" 10.45 141
Prochloraz-manganese chloride .
complex 72 Y =0.353x + 2.137 0.974 8.11
Tk BT G - DK B 4 24 Y =0.647x + 2.303 0.950" 417
Kresoxim-methyl - _ 48 Y= 1.277x+ 1.367 0.979" 2.84 0.40
Prochloraz-manganese chloride .

72 Y =1.606x + 1.792 0.908 2.00

complex

Y HPRAR BETILE), x A HAE CREKIE, mg/L).

Y. Dependent variable (death probability), x. Independent variable (pesticide concentration).

SEPT L TR TR R AR e 3 PR AR
AR (SC) 435 8.07. 0.32 F10.29 mg/L
(£ 2)0 MRIERIGE K AADIFE TS &)
SYRIAN, SeNFRL T AR AR 2, IETATTNE
KA e R A R REPEAR 2 (3R 2D
22 BRAEME

S A PR fG TR T T R A 5 2 ) 7
BeAEEMESE RILE 3. SarEdpEsem—4,
RS IE T A ARG P R S h b B R 2R R
IEAHDG,  FFBE YR Rl RI 3G i G 0 . AR 24156
BRSO EE LCso tH B Y33 i [ fry 484
Jmigs (R 3). R AL - BETEEEEE S I
RN AEREE s SN P RLIG - DREFE R Hh ik
BT RIN PR REE s BRBA R - DREE T Hh

AR B EEE (K 2). M4 Marking FOAH
IFRBOER AT S R VE I 45 R 1950, N
R B - TRRTATRRIBG 5 S T 24 h 7148 h &)
FEPUER, BRBATE - DRI RIS S0 40
7E 48 h BRI IMAMER, JLRIRI A P [F]
R (3R 4),
2.3 RUGWEE. JermhtEEHZHIEH

4 7 2593 BT (repeated measures ANOVA)
GERRW], TEPTH 6 NS dlh, RAHKEE.
YL BRI ) DL B 37 BRI AC TLAE 6 o AR i deebf
LT R M B (R 5).

3 itie
AW, AR IR IR ZH PR AR
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Table 3 The effects of pair-wise combinations of three pesticides on mortality of Chinese toad tadpoles

JETZ% Mortality (%)
R 2% Pesticide concentration (mg/L)

24h 48h 72h
ST R - ARG Metolachlor - Kresoxim-methyl
0.0 o o’ o
10.0 (9.48/0.52) o’ o’ o
11.4 (10.81/0.59) o’ 5¢ 20%
12.9 (12.24/0.66) 10% 15¢ 45
14.7 (13.94/0.76) 20™ 35° 70°
16.7 (15.84/0.86) 30° 60° 85°
19.0 (18.02/0.98) 55° 90° 100°
One-way ANOVA Fe13=118.333" Fe13=111.556" Fe13= 41.091"

SN PR - DR
Metolachlor - Prochloraz-manganese chloride complex

0.0 o 0° 0°
5.0 (4.12/0.88) o 0° 0°
6.5 (5.36/1.14) o 15° 30™
8.3 (6.83/1.47) 5¢ 35 60°
10.8 (8.91/1.89) 20° 55 80°
13.9 (11.46/2.44) 40° 80™ 95°
17.9 (14.76/3.14) 65° 95° 100°
One-way ANOVA Fe.13= 89.500™ Fe13= 12.688™ Fe13= 24.206™

Tk PRI TR - DRl 4R
Kresoxim-methyl - Prochloraz-manganese chloride complex

0.0 0° o o
1.4 (0.29/1.11) 0° o o
1.7 (0.35/1.35) 0° 10% 40°
2.1 (0.43/1.67) 5° 15% 65
2.6 (0.53/2.07) 20" 35™ 75%
3.2 (0.65/2.55) 25" 60" 90%®
4.0 (0.82/3.18) 45° 95° 100°
One-way ANOVA Fe13=27.778™ Fe13=50.476"" Fe13=77.722"

sk KR FFIANFIHEE 2 (A AR PR T R LA, 22 R 3 P < 0.001, bARE AR RERRIBEIFE TR I 7% 7 B3 (Tukey's test,
=0.05a>b>c>d).

#=x ndicated comparisons of tadpole mortalities among different concentrations within the same rows with significant differences at P <
0.001, types with different superscripts indicated comparisons of tadpole mortalities among different treatments differ significantly (Tukey's test, a

=0.05,a>b>c>d).

BT, T 3 PR AN SR A B, WPTRR R AL 50l (R, pipiens) d#His}
oA H AN R B BRI AET I O, %45 R, (Allran et al. 2000) F13% ik (B.
R 2L SR BT E ISR Y, X5 americanus) BRI} (Berrill etal. 1994), LLK#
fib A 25565 6 R PR SR e () BEME AR A R — PEXS RS IR IR I # E 2N. ( Bernabo et al.
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Table 4 The toxicity evaluations of pairwise combinations of three pesticides

PRI

= AN
T () ABo  BGAZMES (5 Eaw A
A¢ 24 Pesticides . . . . - Toxicity
Exposure (mg/L) Mixed pesticide toxicity Joint toxicity .
time evaluation
24 17.65/0.96 1.18 -0.18 ﬁﬁﬁ.ﬁ.
Antagonistic
e W _ LT TiE
77 - B HH_ 48 14.89/0.81 1.07 -0.07 ﬁﬁﬁ.ﬁ.
Metolachlor - Kresoxim-methyl Antagonistic
72 12.70/0.70 0.99 0.01 SR
Synergistic
24 12.83/2.73 0.80 0.25 Tﬁ\lﬂ{’l?ﬂ?
Synergistic
SN TR - WREE IR R R
Metolachlor - Prochloraz-manganese 48 8.60/1.83 0.79 0.27 .
. Synergistic
chloride complex
72 6.68/1.43 0.70 0.43 BRI
Synergistic
24 0.85/3.32 0.94 0.06 UrRIHEE
PR TR G - KRR & Synergistic
Kresoxim-methyl - 48 0.58/2.26 1.00 0.00 JnAER
Prochloraz-manganese chloride B ' ' Adding effects
complex NG
72 0.41/1.59 0.88 0.14 % IHW.EE?
Synergistic

An BRI TG A2 A T LCsos Bm FRIBEET G A 24 B 1) LCooo

An. The LCs values of pesticide A after the two pesticides mixed; Bm. The LCsq values of pesticide B after the two pesticides mixed.

K5 OREGIREL. Reipint ) FR 53R B S Y s i A KA LA L MR SE TR K M

Table 5 The effects of pesticide concentration, exposure time and their interactions on mortality of

Bufo gargarizans tadpoles

A< 24 Pesticide

R E

Concentration

et e]
Exposure time

RGIRIL =< GEREIT )
Concentration > Exposure time

5274 L% Metolachlor

fik 15 Kresoxim-methyl

IR 5

Prochloraz-manganese chloride complex

ST VR T A T
Metolachlor/Kresoxim-methyl

ST PV K A e i

Metolachlor/Prochloraz-manganese chloride

complex
K T T/ K B i

Kresoxim-methyl/Prochloraz-manganese

chloride complex

Fe7 =306.071"
IF1f e, ve, ve, vib, v

Fe7=837.078"
1f 1% 1me, Ve Ve, VIR, ViR
Fe7=162.873"
19, 119 10° Ve, V°, VI?, VIR
Fe7 = 223.333"
18 108 11°, V9, VE VIP, VI

Fe7=37.848"
I ey H e' IHdeY ch' Vbc, Vlab, VHa

Fe7=87577"
I ey H e' IHdeY ch' Vbc, Vlb, VHa

F14 = 101.4007
241°, 48 h°, 72 h?

Fp14=148.217"
24 h°, 48 hP, 72 h?

Fa14 = 201,500
24 h° 48 h?, 72 h?

Fo14=78.353"
24h°, 48 h°, 72 h?

F2‘14 = 39512**
24h°, 48 h°, 72 h?

Fyp14 = 207.364"
24 h°, 48 hP, 72 h?

F1214=16.000"
F12,14 = 18667**
Fio14 = 146397

Fi214=7.598"

Fip14=3.372

Fio14 = 19.636"

sl 235 2 7R S0 R PRI ZE T A5 35, P < 0.001 Il P <0.05. F 4 F R MZE &, 1. I1L IL V. V. VI &R0
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(B 50 MV B m 8 AR 2 7 FhASFISZISUREE ;. 24 hy 48 h 1 72 h 4> B i) 3 RO FIYL s ). L dsds A ) 7 RE s Sz
FHRHIMEIIE TR B 3 (Tukey's test, 0 =0.05,a>b>c>d>e>1),

++ and * indicated that the tadpole mortalities were significantly affected by experimental factors with significant differences at P < 0.001

and P < 0.05, respectively. F values indicated F-statistic analysis. 1, II, III, IV, V, VI and VIl indicated 7 different experimental concentrations of

each pesticide type (see details in Table 1 and Table 3). 24 h, 48 h and 72 h indicated 3 different exposure time points to experimental tadpoles.

Types with different superscripts indicated that the tadpole mortalities affected by experimental factors differ significantly (Tukey’s test, a = 0.05,

a>b>c>d>e>f).

R 6 ANFEFHYNT AR R I BOTIR BE Y L

Table 6 Comparisons of LCs, values of Bufo gargarizans tadpoles tested with different pollutants
159 K Cem) A () ) .
45 Results Reference
Pollutant Body length Body mass nR ik
24 h 148 h [¥) LCso 4312 1.310 F1 0.862 mg/L
cu® 1.38 0.024 The LCs values of Cu?* examined in 24 h and 48 h were
1.310 and 0.862 mg/L, respectively
JirE R 2006
24 h F1 48 h ) LCso 2334 0.712 F1 0. 612 mg/L
Hg** 1.38 0.024 The LCsp values of Hg* examined in 24 h and 48 h were
0.712 and 0.612 mg/L, respectively
24 h. 48 h F196 h [ LCso 437124 0.526 8. 0.351 2 fll
. 0.262 1 mg/L o
cu? 0.8 % 2000
The LCs values of Cu?" examined in 24 h, 48 h and 96 h i
were 0.526 8, 0.351 2 and 0.262 1 mg/L, respectively
24 h, 48 h 1 96 h ) LCso 43l 0.195. 0.164 F
AT 0149 mg/L . o .
Malachite areen 0.8 The LCs values of malachite green examined in 24 h, ¥ #4E% 2000
g 48 h and 96 h were 0.195, 0.164 and 0.149 mg/L,
respectively
24 h. 48 h. 72 h F1 96 h [1] LCso 437 43 5.57+ 5.09. 5.09
g 1'5.09 mg/L
T;zophlos 3.01 0.228 The LCso values of trazophos examined in 24 h, 48 h,
72 h and 96 h were 557, 5.09, 5.09 #! 5.09 mg/L,
respectively fie 155 2005
24 h, 48 h F1 72 h ) LCso 43l0 60.12, 40.50 F
2o 3.01 0.228 34.32 mg/L o
Paclovutrazol The LCs values of paclovutrazol examined in 24 h, 48 h
and 72 h were 60.12, 40.50 and 34.32 mg/L, respectively
15CHI 20°C4AF N, 3L 48 h ¥ LCso 43912k 13.24 FiI
. 9.85 mg/L
N T T
*i:;l’z@; The LCsp values of dicofol examined in 48 h were 13.24  JHEAI4E 2007
and 9.85 mg/L under 15C and 20°C conditions,
respectively
2 pH 5.0 I, HRLAE 24 hy 48 h F1 72 h [ LCso 235114
1.85 mg/L. 1.47 mg/L f1 1.42 mg/L; pH 7.0 i, i}
7t 24 h, 48 h f1 72 h {11 LCso 4374 2.15 mg/L.
N .
Fi 141 155 0.08 2.04 mg/L A 1.94 mg/L e 2014

Kresoxim-methyl

The LCso values of Kresoxim-methyl examined in 24 h,
48 h and 72h were 1.85, 1.47 and 1.42 mg/L under pH =
5.0 conditions, with corresponding those of 2.15, 2.04 and
1.94 mg/L under pH = 7.0 conditions
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159 K Cem) A (@) .
#E 4L Result Refi
Pollutant Body length Body mass R Results AR Reference
2 pH 5.0 i, #RHELFE 24 hy 48 h il 72 h (11 LCso 4
1k 52.69. 29.06 F127.06 mg/L; pH 7.0 I, BRs7E
A 24 h. 48 h 1 72 h [¥If¥) LCso 2352 56.06. 26.86 Al
THE V7 -4 ik FE A e 155 0.08 19.47 mg/L
Difenoconazole The LCsp values of difenoconazole examined in 24 h, 48 h
and 72 h were 52.69, 29.06 and 27.06 mg/L under pH =
5.0 conditions, with corresponding those of 56.06, 26.86
and 19.47mg/L under pH = 7.0 conditions
24 h. 48 h ¢ 72 h (¥ LCso 435l 37.279, 35.515 Fil
B 3.68 0.83 35.006 mg/L _ o
Ruigao The LCs values of ruigao examined in 24 h, 48 h and
72 h were 37.279, 35.515 and 35.006 mg/L I
TKMEMNSE 2010
24 h, 48 h [ 72 h [f] LCso 734k 64.423, 62.781
(W] 368 083 62.301 mg/L
Feiwang ' ' The LCs values of feiwang examined in 24 h, 48 h and

72 h were 64.423, 62.781 and 62.301 mg/L

2008) AHL. AHFFTEE RAW] W], A
FHORLfie . T BT ISR FH R Ao e & 3 oA 2450 A
U IR RH IS 735 26 IR R e 22 SR K. 3 Fpefk 24
XTSI B0 RIS} () B 1 R IR WK RE A R > Tk R
fis > SN (R 2). XTFRERRZy, 52
B EEBOR, IR IR TR AR, ]
LR S o iy S CaN o L ) A S
(Ezemonye et al. 2009),
WG, S TR R B L T BT I R DK
ERERAE 24 h, 48 h FIl 72 h (F2F- B0 S AT
IR 25 A EL AL, ANRIAR 2575 Geppnt i A K
WS R} P R 1 RN AT AN ] (B 6D,
DRI AT i A BRI 9T 00) S 00 7 V185 T ST b e} )
KN RFEFISZIG /K (pH. KD LA 2
BEMERANEAFIE R AL, R
(2006) Az HifE (20000 MIEMEsSLEF, K
TRAN TR IR /I s} 52 0] 2 5~ (1) 25 P 55 1) 9, AN [+
(K 6)o XIHFF A RKY], ARSI
TEIRHIRHAAS A (R B 2 5 JHSF il ) 2347 4 H
HLHIA 5% (Harris et al. 2000) .
WG], AN (R AR 24 R F < Ja ol 7P A 2R I
WIS B — BRI R RIVER, s dE s
&5 (2006) 7L 25 FHK 2 F01F 705§ (2005)
el 54, S5 (2009) 75 = MR,
TET dORTH d bkt PR (Rana limnocharis)

A B DL SR 4% (20100 7E A HRUFIBE
FIK S AR sk 1) T A5 B P S0 1)
REEF MR FEARSCH 3 P A2 I
BEPESEIGH, (ER- YRR, ERALA T
NI B2 S BGZ ) FET - LU R DR W 2
25, [\, EAIAE 24 hy 48 hy 72 h (2R3
FEHRE LCso F LU IL L — [ Btk 3 Mk S B0 1) 2
FOEARSEEAR . AT, RIS

PR B - TR TRTRRIDC 5 41 4E 24 h 148 h R I A4
PUIEF, BEGRTE - DK e SR I5E G S g 41 7E 48
h BRI IAE R, SER3RIA P FIFEH,
XE AL (2005) FE4 . BER — xR
SRR} P TR A BRI IE ST DA S TRAT TR 314 5
Ta s AR A X 0§ 84U #E ( Hoplobatrachus
chinensis) IR} (PIEC A B3 I 25 FAHAL (Wei
et al. 2014), JLJGU PR T] GE A S0 RHIRHAE 6 A
R4 25 IR A BEEAE RIS g I LA mT RERRS Ky
S, WATRESYIR KRB DI, RGN
FFEEI] [R] A 5 45 5<(Berrill et al. 1993). 1] I,
AR BRI AT B Rl Zyvs Yere, ]
oG JEL T I IRl B N A K A i L DAL
b G B AR P AR 288 AN KSR I8 15 oK
RN AR 2GR LR, ARSIt e 4 1) A
FEIREE, KT YR A 2 P MRS AR 3 HATH)
hy F SIS 7
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