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Abstract ; Triazolone is widely used in rice fields and it often remains in the aquatic environment. In order to study
the ecological risks caused by triadimefon exposure, the effect of triadimefon on zooplankton was examined by an
indoor standard microcosm test system. The results indicated that triadimefon inhibited several zooplankton popula-

tions at the beginning of the experiment, in which Cladocerans was inhibited significantly, and Copepods was
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slightly inhibited. The sensitive order of eight organisms and larvae of Copepods to triadimefon was as follows:

Chydorus sp.>Scapholeberis mucronata>Daphnia carinata>Brachionus calyciflorus>Simocephalus vetulus= Eucy-

clops serrulatus=naupiar larva= Monostyla sp.= Dolerocypris sinensis. The no observed effect concentration (NO-

EC

community

) imposed by traidmefon on the zooplankton community was higher than 2 078.88 pg-L™'. During the

rice planting period, the maximum residual concentration of triadimefon was 12.00 wg-L™" in the water, which is

lower than the NOEC,,,,niy

to zooplankton community.

of triadimefon in this study. It could be speculated that triadimefon exhibited low risk

Keywords: triadimefon; microcosm; aquatic zooplankton; community effect
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AR Kenneke 25" 1) 21 d 18 PEEETEAFIT I, 24
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WES M S8 YRS KAz ], S5 R
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1 ##} 57 % (Materials and methods)

1.1 SR R Gt

T RGAERTT 14 dGE N -14 d)JF

AL, RN 4 FROK B2 (0 B P ERF2E B K
YIRS TR 8 BT S (R W LRk 25
AT T TR L), AR AP R B Ik 1
N, MFEHARRHEWNT 4 d Gy, #2524
Hid k0 d, T R TAEmRRE K 1
TNo BEASLE AW, T R AR BT R EK IR
B L(E 3(), A-14 ~0 d, FiTa R G0 8
W1 PRI 24 ~26 °C EHEE 3 000 lux, G L
:D =14 h:10 h, [0 d &, 57 d RGN
(1x10° cells-mL™", 1 mL)FI7F 17 sh ¥ (56 H i 5 )
1 mL, F52gEY 5 ARk,
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90 wg-L " (ds0).156 wg-L"'(dsl),315 pg-L"'
(ds2) 625 pg-L7'(ds3).1 250 wg-L™'(ds4)F12 500
pg-L7'(dsS), B BEEWEERE 3 R, ERZA)E2h
KA A A BRZE KA R 2 )5 1.3.5.7 .10 .14
21 28 135 d SRA I ey Vi 2 AL FRAH 1 /KA 4G =
WA il 7 7K P 3% B
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HP-5 B354  ECD A3l #5% , R R BE 240 C A6l
FHE 250 °C FEIRAILARTEEE 70 °C  HFAEARFLL pL,
AN ELAR(99.999% ), 1H 1 180 kPa, B THEFLT
SFETR 70 C A4 2 min, 15 °C -min™ FF & 190 °C {4
1 min,5 °C -min~' F}F & 240 °C , FEFRERLR A0k
R, FERLRGIN 2R, = R A4 4 53 B[R] 4 9.4 min
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-

-4 dIMA BRI N Eh )
Added algae and zooplankton on -4 d

@

0 dfin A L3024 57 = il
Added triadimefon on 0 d

-

MERET, A5
BRI R
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Fig. 1

Aquatic microcosm system internal structure and establishment flowsheet

Note: (a) Aquatic microcosm system; (b) thermostat water bath equipment.

—0.678

800 000

700 000
600 000

T

500 000

T

400 000
300 000

T

2 1,
5]

{RS M R Hz
Signal response frequency/Hz

200 000

100 000

AN

9.422

Ff’:’

B2

6 8 10 12
LR ER 8] /min

Retention time/min

= MEERAG T B SR B i

Fig. 2 Gas chromatography of triadimefon
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1.3 KB E LS E00 e

KB BRALFE bR AL FE R TR (pH) | FL 53 (EC) iR
fift S MR B2 (DO)FRITAT I A BB vk 2 (DOC) . 1R i JiE
FE SR AN BIAE R R AE RE RSB AT T,
HE B3 R A AKX 75 ik S0 TR 3 1 T, Y e B
SETEK AR AR FT— H 58 (RS #7055 1.6 13
20,27 134 K), M5E 2 I, 55l 486 BT GR i (FF
8:00—9:00 NIEA), & X R 2 Gt H i fiff S vk B e 1K

{EL(DO,) ; I Ji 1 JF 4R 1 (7F 22:00—23:00 N 5E i),
TE SO G0 T SR B e = 16(DO ), TR ]
H B4R (DO, = DO, -DO,), #4ANFER ]
DA RAE T RGUEAR S L, P PEA
BLBREE & R 5 5 A4 ) R o ok 4 TR I 1 4T, R 4R
50 mL K AEZ ot 0.4 wm K PE 8 I 5 uk,
CN200TOC-VCPH FA F #LAK I 5 ASUAG: I K A R A

F1 MERELBFERNZFENY R R KELMERIR

Table 1 Freshwater algae source and zooplankton for standardized microcosm
Y44 5 Y A%
Chinese name of species  Scientific name of species Abundance

HeE 1x103 cells-mL™" A 3 mL

BNk Chlorella pyrenoidosa )
Concentration of 1x10° cells-mL™", add 3 mL
e 1x103 cells-mL™" , AIIA 3 mL
o5 e W e T [UIP:Yii5 Scenedesmus quadricauda ’
PRI (HOK 30) Concentration of 1x10° cells-mL™", add 3 mL
Phytoplankton R 1
N . W 1x10 llsemL™" ,fILA 3 mL
(freshwater algae) ESPER D ) Selenastrum capricornutum wE e n o
Concentration of 1x10° cells-mL™", add 3 mL
A WP 1x10° cellssmL™" JIIA 3 mL
R Navicula sp. HE e h
Concentration of 1x10° cells-mL™", add 3 mL
30 ind/R%t
BT A o o ;
ot Dolerocypris sinensis
P Yprs St 30 individual/system
) 600 ind/& %%
AR e Brachionus calyciflorus
SRR fonus cayel 600 individual/system
600 ind/& %%
Lk Monostyla sp.
PR ia sp 600 individual/system
MR 30 ind/FRGE, T4 HL 600 ind/FLE
PR HEIK T Eucyclops serrulatus Adult of 30 individual/system,
naupiar larva of 600 individual/system
WIEZR(<24 h) 10 ind/ZR G, ANH O 10 ind/FR 58,
s Chvdorus s HEO R 10 ind/ R 5L
4 P Newborn larvae (<24 h) of 10 individual/system, adult without
FEshy eggs of 10 individual/system, adult with eggs of 10 individual/system
Zooplankton
WA (<24 h) 10 ind/FRGe, A B AL 10 ind/ R 5L,
. HFHRALA 10 ind/ RS
G B Scapholeberis mucronata LR ) 1.n' Ao )
Newborn larvae (<24 h) of 10 individual/system, adult without
eggs of 10 individual/system, adult with eggs of 10 individual/system
BIA: 414 (<24 h) 10 ind/ZR %G5, AN G BLA 10 ind/ R 4L,
s Hr B0 AL 10 ind/R S
G R Daphnia carinata el . {n . Ao .
Newborn larvae (<24 h) of 10 individual/system, adult without
eggs of 10 individual/system, adult with eggs of 10 individual/system
K HIPR(<24 h) 10 ind/REG , A5 I BUA 10 ind/R5E,
17 O A 10 ind/ R 58
PR % Simocephalus vetulus HIE 10 ind/ 5L

Newborn larvae (<24 h) of 10 individual/system, adult without
eggs of 10 individual/system, adult with eggs of 10 individual/system
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1.4 AWPHEaCRE SR

TE0 d H 2T LA 425 7,14 .21 28 F1 35 d
KA FAEK R 05 L IRACREEZR (8 3 () R4 I
BOKMER . 533 UOREEAKRE R 15 L BAEK,
IRAVGIREE 05 L ArFEs TR AE ik, i
i FPE I 2 mL 4 Af FC M (Lugol” s solution) [&] A 44
0, 8 48 h J5 TR B LA LR R 25 pm 4

3 BHNMTFHERARES
T« () KRB K I BE A 5 (D) WP A 03 200 5 ()UK R PR

Fig. 3 Microcosmic test equipment

Note: (a) thermostat water bath equipment; (b) plankton counting

chamber; (c) water sampler.

0V HEE LT W ARE 20 mL A4, 10% BRI
WEZSZ 30 mL, VRAFFE A AR DR S, 4
CIRAEBEM . RABE F RS mL 101 mL 244
HORKE(E 3 (b)) Bkt Br i sh .
1.5 HdEobr

1] SPSS 22.0 X 7K 5 B % 17 iy sh 1) K 3l
PRSI AT . X e sh W v 25 A A8 AR
Canoco® 5.0 FAF4HT, 23 B P ZBALHE (D) RHCTE 87 £
SN IS A AT 32 A 4 BT PCAM™ 3R
T 30 W) 70 1T 1 N 09 5 — HE Y Sl BU{E (Case-
RZ.); ()% 0 ~35 d IWTRF ) B i 284 kAT
BN 2643 HT PRCY ™ I HEAT S5 R 1% B K 5
(Monte Carlo permutation test), F #/L ¥ #t 599 X,
1FRRN 95% , ASS UE bR MEAL ST w1 vh 7 e 3h ) B s
(AR b 0 S 2 M, I U Bl R %) B R JC A 3 o
(NOEC, . )WY 575 15y i 3 75 22 43 4 31 5 %)
R ZH 22 S AN 300 35 1) e ROV B 5 I i s D R 9 1 e K
e FHFEE(NOEC iy ) I T 715 R - 32 PCA
ST 2] 2 AN A7 ) AR B CaseR1. il CaseR2.,
Vo = e R IBORE I R 15 Ry [ 728 o, 45 AL FRZH J
AEIRAE HAEE S Y CaseR1.F1 CaseR2.1% K [H 28 i,
WA HURERE i 5 0 B2 AE 95% B AR FRKF T
22 R e R

2 Z55 (Results)
2.1 —RERAE K AR b v AR AL

245 2 h K R =R R G o B 45 S R
R S o 2 5 TR R Sl 44 SCHR B 1Y 65.3% ~ 86.1%
(2 2), To o v B Ak LA ) = s 90 it o 2 25
WE 4 frs, =M RS 1 TR ey =
2705.5e™" ey MBTIE R ¢ B () = e R VR B ¢ R
BFE], R?= 09782, k%] DT,, }y8.28 d.

R2 ZKERAEARIEILINLERIKE
Table 2 Nominal and actual concentrations of triadimefon treatment

' HIEHPE (ng L") TR BE (g L") SEBrve BE AR R BE

No. Theoretical concentration/(ug-L™") Actual concentration/(pg-L™") Actual concentration/theoretical concentration
dsl 156 11906+ 11.16 76.3%

ds2 315 205.57+ 2428 653%

ds3 625 53798+ 24.19 86.1%

ds4 1250 104297 + 7693 834%

ds5 2 500 2 078.88 + 153.18 832%

L SEBRIR S F RN mean = sd,

Note: The actual concentration is expressed as mean + sd.
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Fig. 4 Kinetics curve of triadimefon in standardized

aquatic microcosm overlying water

Note: When the time is ¢, the concentration of triadimefon is cpy.

2.2 ZWRERXS KBS AL S

TS S NI E 1 B A T R GRS
VG Joi) S0 ) ik S M B DT A AR AR T AR D 5T
BT R G A R EHAE R (DO,) . — Mk
Fkk B DO, A2k %5 5 %t A 240 — 2 (P>0.05,
Duncan test), #/MECTH RGN pH {HIHAAE 7.08
~7.65 MRAFR e, J7 =N R, A RGEIRRE A
AL FA RN ] b 3 A 2 % 25 % (P>0.05 , Duncan

test), £ T RGN H TR (EC)TE 694 ~ 794
wS-em™' ¥ Bl PN JC i 3 PR 22 5 (P>0.05, Duncan test),,
BT R G0 AT A HLIK R EE (DOC) v [l ¢
3940 ~44.09 mg-L™", 240 0r B o i E 22 R
(P>0.05 ,Duncan test), H1 It J B = R 7E(119.06 +
11.16) ~ (2 078.88 + 153.18) g+ L™ ¥ & T R HRER
T RGUK TR PR
2.3 MR X LA R A R

RITFLRO A, &GO R G0 8 Rt iiEsh
A RTE Rt =S S SR O 2325 3 11| by P ViR F ) 23
(327 + 1264) ind-L™" HEZ ELOI/KE (107 = 41.4)
ind-L™" HAEHIFEA (5 + 2.9) ind- L™ FELIRA0 +
72) ind-L™" fRAE( + 3.2) ind-L™" PS5 O1 E
(10 + 6.0) ind-L™" &M% © + 5.7) ind- L™ BEEH
(45 £ 32.2) ind- L™ FIBAREAE HL(S2 + 25.5)
ind- L™, BEA 555 0 ] B ZE S, — IR R XA AR 2 A
IS LA G, = R A B A R R R A
FERZAK T A B0 IR (3% 3), 24 — MR vk & >
10497 gL' (CEPRBERWEEE, FIE), 767 ~21 d B,
REFRAR AR E Y FE SR IR 2 7 B3
2.4 MR D S IR ) 5

Xof P 2 1% = s A B8R 21 P R i sh A 28 1 Ak
28 PRC MM 045 AN 5 FiR, B HkG st ik

0.4

O #5 FIX}HE Control
& 156/119.06 pgL-
A 315/205.57 pg' L
0 625/537.98 pg'L-!

(=]

>#L7 R Chydorus sp.

® 1250/1 042.97 ug L~
(72 500/2 078.88 pg-L-"
> #Ff Species

RON;

Effect

Resp.1

> -2 B Scapholeberis mucronata
P> [#£ £k 7% Daphnia carinata
|46 R R4 i Brachionus calyciflorus
bi&gﬁfé Simocephalus vetulus

P

%ﬁ@]ﬂ(% Eucyclops serrulatus
21 3 naupiar larva

SA/V

7o
42 1L Monostyla sp.
6% (ﬁa}’?{ﬁ Dolerocypris sinensis

RET

Vv

i [ /d
Time/d

35

El5 = MERXEE R34 48 A S A ) 220
T < PG v A R {1 Ay = e o BB R /S BV
Fig. 5 Effects of triadimefon on zooplankton assemblage

Note: The concentration is theoretical concentration/actual concentration in legend.
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Table 3  Effects of triadimefon on Cladocerans secies abundance
Wb AhFRA &#QS%E
Specics Treatement Cladocerans secies abundance
0d 7d 14 d 21d 28 d 35d
dsO 1.74 1.74 243 1.7 131 2
dsl N N N N N
Rk ds2 N N N N N
Daphnia carinata ds3 N \ \ N a*
ds4 N N N N N
ds5 N N N Y Ny
dsO 1.87 1.87 1.66 234 243 232
dsl N N 7 N N
A% ds2 N N N N N
Simocephalus vetulus ds3 Y A N N A
ds4 N J N N N
ds5 F Y Ny N Y
dsO 1.83 1.83 327 259 1.89 247
dsl V N N N N
SO ds2 / N N / N
Scapholeberis mucronata ds3 Y Y N N Y
ds4 N N N / N
ds5 F N N N Y
dsO 3.12 3.12 2.96 3.68 245 2.08
dsl N N N N N
FEN77h ds2 N A e A Ny
Chydorus sp. ds3 Y Y N Ny N*
dsé N N N N Ny
ds5 “\ N Ny N Y
T X R P A WP D Mg et DR FHIE NS N FORA TR B TR, T FORARN T X R4 B TF, * FOREAE 95% BRPIRK R,

Note: The abundance of each species in the control group is given in the usual form of lg(x+1); "\ is a decrease relative to the control group; /7 is a in-

crease relative to the control group; * is significant at the 95% confidence limit level.

B, = 8l A B P 37 iR 50 ) L o B B 1) A A 3k 5]
&K F-(Pseudo-F = 129, P = 0.002), &5 1 Re-
sp.1 WA [R) 4 b 0 = el ) %) g JRe e 22 5, AR
IS 7 Ui A ok = e ) ) SRR AR YR R - B W 4o
> -G M I 188 > s S ok > AR 2 4 T > IR A v = 4
GESIKF =4 = A4 th = tp AR TR
AR b P B 4 R DL R A RO B R AR
(Resp.l ££IT 0); 52 ELA/K % SHICY 4 i Z 3 =
A A8 T ) 52 T 5 — AR ) X A 7 28 A ) LA (38 1
TRV (Resp.1 1 ~438),

SEHGT KB, — IR R X 5 A b o T R
TS PR VR B LAt A 2 ) = e
FiE T B TR Sh YA Ve O A R T 0ok TEURE A
(R 2 B AN ) R J5 3 (R AR 24 [R50
TR RIS (D 0 ~ 7 d) = M XA £
A7 AR B S ) BORONE , WA R S A ) A A%

T SARINE = WA TR X 37 D0 20 0 A 108 5 e D
AN RIETFER 14 d J5 , = PRER XS S 7 sh e I4 15
M AN PA G, 7RIS 21 d JEBR T e e BE AL R4, H:
RIRE PR A ) A 2 R [

WA X A P BT Y AR AR IR
B 3, 7F i i [] B = mae i % P 26 33 1Y) NOEC
53798 g L7 (LB B, T [Al) s XA R | F- 28
DR AL 1) NOEC ¥9°h 1 042.97 pg-L™', H
AR Bz, = s i %5 FL At A= 97 9 NOEC #4>2 078.88
pg-L7', it PCA /#7145 8481148 & CaseR1.Fll
CaseR2., CaseR1.{KRFL T % ¥ Fh £ E(E 5., Cas-
eR2. BRI T — e i o} o Ath Y 58 2 77 Uit A= 0 1) 5%
M, PR AR I A6 A8 21 e 3, WA i A
IR TERE 117341 N 30.87% F1 20.02% , 4% 4 Fili it
CaseR1.Fll CaseR2 HE 5l A4 DTk & an % 4 pras, X
CaseR1.fl CaseR2.JA7 1 220 M7, A5 R R W], 76 17 1iF
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WKV B = E AR R 7 d A B R AE
F, H NOEC, iy N 537.98 g - L7, % = mse i b
PR PRI Sh ) o A aniEl 6 o, =M R A
A NOEC,, iy >2 078.88 pg-L7'(35)

3 1118 ( Discussion)

MR X BT R AR G ARV R I e
Z4J5 0 ~7 d, M PRC BT AT IE L, IR sh )
Xof = A ] ) R R Y R B R A A AR R =
BaE= g d, Hb BURE iU s, X
55 Yin SE PR TR 5 8 00 3 SMBCT i R AT 4
Bl IR X A B AR Y S RO, A
RIGHIHIED 0 ~ 7 d), 7% B[] B = W ) X o 2k 1ok
1) NOEC 4 537.98 wg-L ™" (SEBruk B, FIA]); RHEAI
% S ON R A A R ) NOEC #1247 1 042.97 pg
L HA B B = ik R X A 2 B9 NOEC 24>
207888 pg L', 2SR, = MR AL AE 5
W7 d WXHUCT 8 RGE M AEWREE A I B AR,
H NOEC,, iy M 53798 gL X AMHA 5 = WL
X K EYE Y NOEC {EAH 7], 2 B — M Jii %1 5 1 3R
Bi B NOEC s gmuniey -3 5 58 N BUR TR 21 W) (1) NO-
ECecies R FLAYH H] B = W4 i %o Bl 5 7 1030 3R
Bl NOEC,uny 1>2 078.88 pg L™ HR¥ESCHkAR
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Fig. 6 Principal component analysis of triadimefon treated
zooplankton community
Note: Species in (a) and (b) quadrants are positive correlation
with concentration of triadimefon, and those in (c)

and (d) quadrants are negative correlation.
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Table 4 Species contribution and correlation for PCA axis in triadimefon treatment

#—HEF 4l (CaseR1.)

5 —HEF il (CaseR2.)

Yy Fh The first axis (CaseR1.) The second axis (CaseR2.)
Species TUHREE (Resp.1) A (CFit.1) BRI (Resp2) AN (CFit.2)
Responsibility (Resp.1) Coefficient (CFit.1) Responsibility (Resp.2) Coefficient (CFit2)
JeHT 4l HL naupiar larva -0.531 0282 0.1664 03097
MR % HEN/K % Eucyclops serrulatus -0.4621 02135 0.1158 02269
H L5249 Dolerocypris sinensis -0.0987 0.0097 -02219 0.059
B2k Daphnia carinata -0.69 04761 -0.2442 0.5357
IX&i% Simocephalus vetulus -0.1837 0.0337 -0.6932 05142
-4 BR% Scapholeberis mucronata -0325 0.1056 -0.7146 06163
#Mi% Chydorus sp. -0.5535 03064 -0.3983 0465
AR R4S . Brachionus calyciflorus -0.7854 0.6169 04594 0.8279
i i Monostyla sp. -0.5171 02674 0218 03149
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Table 5 The no observed effect concentration (NOEC) of triadimefon to zooplankton species and its community

(ng-L™h

VEAERHTY] Pre-succession

Yyl

Species

0~74d
(% /5P )

Theoretical/actual concentration

Theoretical/actual concentration

%5 Late succession

14~21d
(44 XIS

& & Restoration
28 ~354d
(4 /BRI )

Theoretical/actual concentration

sk HE/KF Eucyclops serrulatus

SESEFRBRIE Scapholeberis mucronata

>2 50072 078.88

>2 50072 078.88

>2 500/2 078.88
625/537.98

1 250/1 04297

1 250/1 04297

JEA5 4 HL naupiar larva

8354 Dolerocypris sinensis
Y& 2% 1% Daphnia carinata

%% Simocephalus vetulus

>2 50072 078.88
>2 5002 078.88
>2 50072 078.88
>2 50072 078.88
1 250/1 04297
>2 50072 078.88
1 250/1 04297

>2 50072 078.88
>2 500 2 078.88
>2 500/2 078.88
>2 500/2 078.88
>2 500/2 078.88
>2 500/2 078.88
>2 500/2 078.88

#Mi% Chydorus sp. 1 250/1 042.97
CaseR1. 625/537 98
CaseR2. 625/537 98

>2 50072 078.88
>2 50072 078.88

>2 50072 078.88
>2 50072 078.88
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