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calyciflorus) AT VEBENE SEIG, 350 LU A ELAR B A58 ME P A0 M A 53R AANE Y 2540 U 36 B ( Fenvalerate ) 1 = T 2 &AL 4% (TBTC)
TR B R ARG IR B B IR B A R L BGRAR FRAIR A LR e, 45 R R UGB A, =R
AR 2 F1 3 AN BISTIRAE VR B35 400pg/L BFER B35 1R X4 B4 (p <0.05) , T AR BIRE 1 /NN ST R S 38 IR F X FR 4.
(p<0.05), FIREHA=INEH EERTX A (p<0.05) , TR WA B R, FUKHEER N BARLL R E (0. 64pg/L
3. 2pg/L) R EST RRIBR R F IR E MF/AF f77E B EF W, TBTC Ab3AFEW FE 0. 0016.,0. 008 pg/L F1 1pg/L 3
RERIE 1 DI SIIR B3 = X A, W% 3 M 4 D RRSIIR B R TF XTI (p <0.01) , FAE=IR AP 5 REE
TBTC £ 4b 384 #5251 F % B 45 (0. 0016 png/L BRS1) (p <0.05) o T F— MR IC R  MF/AF 54 B Z K F X A (p <
0.05) , SEHRBIFURAGELFN TBTC X210 R 56 ) A8 5L B BA 12 1) P 43 I8 T3R80
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Effect of endocrine disruptors fenvalerate and TBTC on reproduction of rotifer

Brachionus calyciflorus
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Abstract: Endocrine disruptors (EDs) are a structurally diverse group of compounds that may adversely affect the health of
humans, wildlife and fisheries, or their progeny by interaction with the endocrine system. Many EDs have been detected in
aquatic environments, many of which are capable of disrupting endocrine functions of a variety of aquatic invertebrates. In
the present study, the estrogenic compound Fenvalerate and androgenic compound TBTC were screened for their effect on
the batch carrying eggs every parental rotifer ( P) ,total numbers of eggs, offspring production, and mictic female production
of the freshwater rotifer Brachionus calyciflorus. Treatment with Fenvalerate at concentrations ( except 3. 2 pg/L)
significantly increased the frequency of carrying 3 eggs (p <0.05). Treatments with Fenvalerate at concentrations of 3.2
wg/L to 2000wg/L significantly increased the total number of eggs production compared to controls (p <0.05). Treatment
with TBTC at 0.0016,0.04, 0.2 and 1ug/L resulted in a significantly higher frequency of females carrying 3 and 4 eggs
compared to control (p <0.05), but the frequency of carrying 1 egg was lower than control. The total number of eggs and
offspring were all significantly lower than control (0.0016pwg/L excluded) (p <0.05). Moreover, the ratios of mictic
female (MF% ) of parents and the first generation (F,) were also affected by Fenvalerate and TBTC. MF% of parents and

F, was significantly lower than control only in the two lowest concentrations of Fenvalerate at 0. 64ug/L and 3. 2pg/L (p <
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0.01), but there was no difference between treatments and control in higher concentrations, and no effect on MF/AF
(mictic females/amictic females) of the F, as well. The concentrations of TBTC only over 5ug/L significantly affected the
MF% of parental compared to control (p <0.01), but MF% of F, was obviously affected at all concentrations except
0.2ng/L. The MF/AF of parents and F, were quite similar. TBTC had a negative effect on total number of eggs and
offspring, whereas Fenvalerate increased them. Consequently, we can conclude that Fenvalerate and TBTC significantly

affect the reproduction of rotifers through mechanisms that are not well understood.
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ANEAEFEGE SRS, KERA NS TR W= R MR I ATKER, THKE A PPk
R EHKFR4ERE, 51 RN WSS R F ST HUAR E & 4 305 sh AAh B & 8 5 4R AR KIS
F. CA¥ERBEARERIOKEEARBER A (B R4S e B B IS b R a5 ) 1B R
KRB, TR E T B R . BE = T 245 (TBT) SEEK AR 3h ) 5 B 28 Fknis & & 4k
SR F R R R RS A8 R4S B ( Brachionus plicatilis) FEEE KA . AT A MMEEE 17a-C 1M
5 (17 a-ethinylestradiol ) £33 | 2 7Kk #% ( Daphnia ) H1E SMALFIER £ 25 ( Copepoda ) PE 5 EL@il 238 . Py 4yl Tkt
YIX A 8 ( Gobiocypris rarus) i R IR B G EH AV FSHNE LM EEL RN B SR LA
B . R, mRES Y AMAROR, RIS RN, R B HEAT LR B YR, S E R A F A5 M s B
FE5 I, AV BB A — bl B SR 5h 5 1T A PR A R WAL 2 SRR 7 T A A Y P 3

BHRERKBIA RN EERE, FAKBESRARYENRREGEMY AR T mREEREE/EM. H
HEA AN A i TR A A A B (A1 A FE o B AR SR O A, DA SRR B A 1 s (IO A B AR PR AR TR AR AR
) I SRR 9 TR T E RS e T &Y . ENANE A Z LTSRN
AT R AR TR TS, SR A ML I 4 EE AR K IR AR R B IR 2R DA R PR 7
EHEMHEFRIBGLENCM T E AR AR S R A AR N I TR — R I A M i R A B ST . ASBFST
BFETR T A PR 5T ME MR S50 AR R SO 25 e S AR R e AR B ), B SRR ERIR IR & L B
FEERE G B BGER M FRIBSCRESHUE S T LIVE IR IR B4R 9 50 T USRS bR , A BFFE 3
BRBRE 40 BT A M2 ) s e B9 A DA R R e A S R B AR A SR AR Y R B
1 #R5FH=E
1.1 #BHERE SR

Rk B TILHRE RAOK P IEF B SR M , B T Bk, PRIk BE TR, MBI #EARIR ST IR Y
WEIRAE AR IAATRE, SEI A T AT A TR " B 5% . BRI FREL R EPA Bt (HEB FKEH, &
NaHCO0,96mg/L,CaS0,.2H, 0 60mg/L, MgS0,60mg/L,KCl 4mg/L,pH 7.5 i£4 )., BRIFEEHZ/DERE
( Chlorella pyrenoidosa) ,/NERBERISEFEAMFFRIBGZHT ™ o BEVRRTFI4E HUBE SR AE 40001/ min F 2 &2 850wk
JLIR, T A s B 3RO /N R BE YR BE A 282 ~3) x 10°cells/ml, %% L35 32 55 1y < o FRBE BE 24 40001, B K
e LD =16:8 ,JRBE (25 +1)°C . $EFeiE, B RE# 1 IGFRBOIFR AT A= IRG
1.2 SEEezh S mCH

FUKHENE (CysHy, CINO, , A1 99.8% ) I =T H & (C,,Hy, ClSn, ZHJE 96. 2% ) W F Sigma-Aldrich 2%
Al o FHPERVE IR (4B ah) VB v sn) o 54 FLC B B 10 000me/ L [ B, S 50 Fif 442 R A L ok F 46 R B SR A
BOVERYE (/N BRBETC ]SS [R] 3 B2 A B 1) SE 00 A VR, L R U S TR MR BE O 0. 643,216 ,80,400 g/ L FHI
2000 pg/L; TBTC [k EE 4 0. 0016.,0. 008 0. 04.0. 2 . 1pg/L Hl Spug/L,

1.3 #HERERSSHIC®R
PSS 3 Al A0 35 57 AR R A R PR TS TR BT AR AR (8838 < 2 ~ 4h) AR R 258K
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IR AL 57 (0. 8ml B4 mUIFFRIE /L) o KHBE 1 Hzs FXF IR, B BEKF3E 10 45747, SR 54
[l Lo SEsid 245 3h WAEE 1 X, 24h B | YHigRaE, 7 B REFRARRHE U0 & IR SSHE AR J5 %
5 I Rt AR AR 58 AR A IE % 35 IR B30 5 5 00, AR T8 U9 B /N T DR AR B30 €2 % M A S8 B i AT
5.
1.4 LRIEHEESHE

S DR B N & G I B S AU B R F AR ST ME (A U 3R MF/AF S /i

LEFEAR A - MF% =MF/(MF +AF) x100%
KA, MF IR ASHERR  AF AR IR SSHEMA s MF/ AF S IR ATME A%/ R TR ST (A5
1.5 ¥t

I FAGETHER A SPSS13. 0 X S 24T 5 P R 7 227047 (One-Way ANOVA) , LSD 5% &38R KT 24T
ZEHH.
2 H#RESH
2.1 R EEIIE

ASLIEIRR Y (B 1) - B S BR A BE B T 58108 2.3 A0 4 AR BB L B4 g, 7 22 20 #r
(LSD) 85 Bm , WU A e X 2R AAHE 2 A0 3 IR A 2w e o0 B 2, Wk BEAE 0. 64.,3. 2.,400pg/L I
2000pg/L B, FRACHE 2 AN BF A B 2 2 1R T R (p <0.05) , FRARHE 3 /4B AR 31 U 76 S0 S0 H8 T 25 T R /K
(BR 3. 2pg/L) AR B2 TXHRZA (p <0.05) , Tk 1 ~H0 IK B2 R TR IR (p <0.05) .

W& 2 frzs TBTC X270 R 4e B R ACB U DR R o mi , & A B A 2R AR 1 IR BB (B Spe/L
G1) HR i T Xk BRAL, W% 3 AN 4 ASBREISRIRAE I o J5 220 W4 R B , TBTC ¥R BESA 0.0016,0. 04.0. 2pg/L
1 pg/LBF, FRACHE 3 AF0 4 ANBR IRUCAR R T IR ZH (p <0.05) , H7EWEE D 0. 0016 wg/L F10. 04 ug/L
iSRS 1 ANIR AR 5 % B 22 Rk B2 (p < 0. 01) , ZRARHE 1 A 4 SO AR AE & MR L 22 B A —E
HZ25RE(p <0.05) .
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S RN :: = H =& =3
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B2 TBTC 1R R4t d i ARt o i i 5 i
Fig.2 The effect of TBTC on the batch carrying eggs (P)

B FURAGE N AR R4 H R AR I B i s )
Fig.1 The effect of Fenvalerate on the batch carrying eggs (P)

2.2 FAFTARIRSR

FURSBRACE AT AR = I B LIRSS R (B 3) o SX IR LR, SRS BRTE MR B4 (0. 64 pg/L
3. 2pg/L) X RAR SR F AR RE B N B (p <0.05) , AWK 0. 64pg/L B Z 7P BE (p <
0.01) , ZEILBRY , FUKABEEWEE 0. 64pg/L 45 2000ng/L ¥ BEH B2 N B3 (p <0.01) s HE R
W BEKF B EUS A B SRR T RUIR SR B BE M (p >0.05) 6

TBTC X #1858 R 48 HUR AU T UIRSS R MR e B R W I B B3 (WK 4) o J7 2047 B, TBTC
BRI AL (Spe/L) FRANIRACR B2 R T HRAL (p <0.01) o A ¥RBEKF 9 TBTC(BR 0. 2pg/L) XL B
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IR T IRZ R 53 R 2 R B3 (p <0.01) (HAWKREEHREA BEZEF(p>0.05),
2.3 ZERHFAC MF/AF

F I H R TBTC X 32T MF/AF B2 ingg 1, 3548 MF/AF RAER 53 e W6 B Ik SE 00 vk BE et
Syt BAGEDSENEZER (p<0.05) , AN RARA A S HE A2 MW FEBEEER ., HEREHEY T
R MF/AF %K BE7 W, TBTC {UTE Spe/L B £ MF/AF B3 T X B4 (p <0.05) , W+ MF/AF 7£
0.0016.0. 008 0. 04 g/ L F1 Spg/L B ER 5% FAFEREER

14
AR P MF . ‘
bl FARIRAK FI MF B FARIRHK P MF
9 ~ 8 - TFRIEZHEF1 MF
10 - S 7k
= <8
% 3 °r
o] =
& N 20
£ 6 3 = o4l
< §\ o4
[hsg §\‘ 5
€ 4 B N 3L
£ N g
P N £ 2F
2 § & |
0 > :% > 0 Tél | TT |TT i Y
0 0.64 32 16 80 400 2000 0 0.0016 0.008 0.04 0.2 1 5
%A TRk B Fenvalerate concentration (ug/L) TBTC¥ & TBTC concentration (ug/L)
B3 URSGRRT LN R R AR T RIBCR R B4 TBTC XEERS R d R T RIR SR IR
Fig.3 The effect of Fenvalerate on the MF% of parents and F, Fig.4  The effect of TBTC on the MF% of parents and F,
F1 FKFHEEF TBTC BT FERFFR MF/AF 5 LSD S EILRNER
Table 1 The multiple comparisons(LSD) of Parental and Offspring MF/AF exposing Fenvalerate and TBTC
ES 2k e s AR ek s 95% 1A
Dependent variable Chemical concentrations( pg/L) Mean difference Std. error 6 Confidence interval
KRB G Fenvalerate
FER(P)MF/AF 0 0.64 -0.11 0.04 0.015 -0.197 ~ -0.024
3.2 -0.13 0.04 0.003 -0.206 ~ -0.046
0.64 80 0.11 0.04 0.015 0.024 ~0.197
2000 0.09 0.04 0.043 0.003 ~0.176
3.2 16 0.08 0.04 0.034 0.007 ~0.159
80 0.13 0.04 0.003 0.046 ~0.206
400 0.09 0.04 0.022 0.014 ~0.175
2000 0.11 0.04 0.012 0.025 ~0.186
=T HA4) TBTC
FER(P)MF/AF 5 0 0.10 0.04 0.021 0.016 ~0.193
0.008 0.10 0.05 0.028 0.012 ~0.198
0.04 0.10 0.04 0.021 0.016 ~0.193
FR(F1) MF/AF 0 0.0016 0.12 0.05 0.024 0.017 ~0.231
0.008 0.12 0.06 0.031 0.013 ~0.236
0.04 0.12 0.05 0.024 0.017 ~0.231
5 0.12 0.05 0.020 0.021 ~0.227

* FRLZENREHSWEHZMHFABEZSR  Sig. <0.05 demonstrate the mean difference is significant at the 0. 05 level

2.4 FEREFEINEMERE
B S ATAFE W - FURSSER AL B A, SRR BB E A S T RA(&REA21.75 1) FESMMERE
N, SEARE TR I B BRI SE I W B 4H (0. 64 wg/L) SX} BB T0 B3 25 T4, Hop R Uk B b B A 40 55 3 i T R
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H(p<0.05) , HZGH¥k BETE 80 ~2000pg/L i, RACE = I0 B 530 A LB Z 7R B3 (p <0.01) . HKH
P v B2 AXAE 400 pg/ L H1 2000 wg/ L B, J5 RS X R Z [A] 22 4 B3 (p <0.05) , H 2000 g/ L B 25 5% B
#(p<0.01),

Bl 6 ATLLFE i : TBTC 7E¥K B 0. 008 ~ Spg/L i 5 35 PR T 76 Bt R B I E M5 %k (p <

0.05) , H/5REE 0.2 ~ Spg/L ¥R BEH BT 5% FRAH H i = Rk B2 (p <0.01)
W 77 Ji& Total number of eggs 20 B 57 B & Total number of eggs
24 O J5{R#L Total number of larvae 18 O J54%% Total number of larvae
o 22+ g 16
S 20} & S
® S L Y5 14
mE 16f Z g2
& & 14 i
BWo 12 =%
D 10 B2
WE 8 H S5 6
€2 6H =
®s 4| g 4
3 =
= 2 2
0 L |
0 064 32 16 80 400 2000 00 00016 0008 004 02 1 5
K3 sk ¥ Fenvalerate concentration (ug/L) TBTC#k fif TBTC concentration (ug/L)
BIS  URAIAER AR RS R A R S AR 16 TBIC XML R L P 7= B A R B0

Fig. 5 The effects of Fenvalerate on the total number of eggs and Fig.6 The effects of TBTC on the total number of eggs and larvae

larvae production (P) production (P)

3 itig
3.1 FURBHHEH TBTC X A= 56 HI 52

UK — R AR 2y, B T HE B REE ) 2 o Bl BOE MR 2R s U R T
P, AT B0 SCRF A B R DD BRI o i~ A Aty 900 91 39 1 SRS A 2B S RS2 00, AP 1% ) R 8 B2 3
TR 80 , S0k ¥ DNA 2 0 m A SR K B A E M. AISIEaY Zh AT 0k &
WA TEERRIT, E 2 FVEA AR BTSRRI AR R 55 . AVLB L& YA ER RIEZ & RXR (3
PR X 2 AA) AR = R A0 7, 38 3 49 4 57 7 R T 4 o A R 1 BRI S SO A AR B 2R
T, SRR E W  MEPERE VAL B AN R A o ST AR 35 Be AR 25 R LA 7K A 2 ) AR B 7 1 A BF
FROAME " . BRGNS S R S sh Y S Fh B sh AR N B 5T R B8 RO R E B 59
FR R 3GHR MR BB VIAE L . BILG S FB E RIE (Littorina littorea) FNYEHR (Ilyanassa obsolete ) SEFR 73 I A% o
3.2 XbRACEIAE O 8 e

PR B , KELE (Daphnia magna) Y52 WK 804 785 R G015 G AR e 2 3h 40 , LA FEAH DR 1 SE I 48 A5
SKBAB RGN BINELE IR . I 2 2RI (Gammarus pulex) HIIE PEREMEL I MR pg HHY 17a-
Z MM~ (EE, ) i MM BRI S . SR AW TSR LY, S WME (W
ARKEME (GH) MR (E,) JRAEERSE (JH) ) MR SUE B 4e N B 2 B, fE2 0 B R Ui 57
SRR VE , — 8 Wi B 1 B S (U L 2 5 S B, G0 Z e — B 52 HU I ( testosterone ) 4%
X R AR R H ) A D B

Gallardo 4 #f3H 4 KK (GH) Fl yv- T &BR(GABA) BB S M AR UM &, AT 4R & T 48 A IS R 26
A SLH A5 R AL R B R A B B R M BN B 2 B FUNSE ER AN TBTC HYFZNA, X 5 Gallardo S () VI —
BB, RIS EE X AR R B R IR B R, A 2 AN 3 SO IR AE 2 Yk B R B B
R TN B, T4 1 SO AR B L X BRI, T BBV B IR 7T LA IR R AL B4t 5 3 Z DR AR » T TBTC
AbFRAR SRS 3 AN 4 TP AT ER B R T B4, ULBH TBTC X AL R 40 He ¥ 221N B ) IR B #E 37
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HIVER , BETT Xt HRMBE R P2 A MRV A, 3X 5 TBT XA AR Tl il —3 " o BT A SE 45 S A S LA
S RIS R BAE TR HE AR B AR W E R R M EL
3.3 XEARFMFRIBSRAZ MmN

AW S SRR B, SN R A PR 5 2 e v EC A 8 A R AR 1 - B S 32 BRI ot DI A 3 Py 41
IR . WRSEER (JH,05.0. Smg/L) ,173-#f —f# (E, ,50mg/L) ,y- T & FR(GABA,0.5.5 1 50mg/L) #R &>
B B3| ZIRSSHEA R = Gallardo HE—2BBF5T RIS Al SOpg/ml JH LbFAEA LB B R F 4 B TR AL
HERRY PR A N T A B B 38 2 BRI B R (GnRH) 7E 0. 05pl/ml i 7K 3 B 3t 25 375 5 1R 52 M £k 1
FEaE

B RS MR LI B, R BIR S 3 A0 = T R AL (AR IR EE i 5X IR E B 2R
A BB AR R A0 PG T A T L DI A 5 B S BURR , T R KO B 2 e R R H R M A B 2 i U
M, 3% 5 F 4 (PCP) FiF 5TU ( chlorpyrifos ) J2 7RI HE B BB AR T HA ARl R —3( ™, TBTC {X
1 Spg/L B A SRR 3R 1 B 5 T BR A, T 1R IR 38 S8 70 45 Vi B L R B AR T X B4, 3X 5 Gross Xf
CEF B PR MESC IR 45 R — 3K, B Z P — B R A M AR R MR S 2R . B — R A
PEAE B EOI IR, T AR i T RS SR ik T s i 25 S AR MER 0 7 AR 2 B 7 . B, AR
AR B ST M AR Py 7= A X6 B 58 M 38 28 AN S R A AS TRTIOR. W] BBV % B4 o ) SR B R B0, 5 PR A B 7 A
BES2 2 M IS ALAR A 2 DR I TR AT M AR 4 722 A AT 4 g B B 2 0o L P I L B R AT
3.4 XFERFFR MF/AF K520

PFR R, SMNEMES R S5 KBNS REENY 2, B8 24 S BUR b B 285 R 7t &
') ; Marcial 255 0.01 ~ 100mg/L W WAL BEAE JE 2, & BLEGH AR 58 7 B (AT S0, JELEVE EL B AR R 3 42,
FRE AT A2 2 — " o S6TF 20 T4t 4 A0 25 [ Bl 8 5 32 788 R 46 l AR B A MF/AF [ LR
RNt B A AR TS , R e M R SRR R4S s MF/AF HLRER, B EREmB 52 MR,

AL EER BN, FURSEE MR A 53 R M2 R B E, WA M A E UK, TBTC 74
WEEH 5XF REFEE R R, FTRE R T TBTC BA MEMEREIL /R A, AT XS 7= i R 1915 B — & AR
Flo Gilbert B3 i , #7578 B 46 BB A32 ME 1R B 7 A 2l AP SR BE RIS R 9 o R 4K Al TBTC i 42
TR RS R A, PO R M AR T S R 0 7 A AT R R e MR R Rt 2 T, % AN [ 3 3% A I8 ik
KYER, M IR R Z RS 6 2 BI0EL, NI 7EE A6 B4 IR ST MR I 7= A h R ¥ — 2 ER . BRI
BB R AR RN R BAEAE  (BZERE SR P AN R SR % 4t A B 9 5 e 2% B LA A6 19 T BB
[ it MF/AF 0] DAE e B R R EL TS~ S8
3.5 XEFRAE I E RS RBU

IR N A FE 5 ) R A FE 58 7 AR Ak, 04 A B BE ) AR AL SRR AR . A ARUBTE R T R
&, MR SRR R AT ST A A S AR BCE B BN . IR R Rk AR R S
VIR 957K % (Acartia tonsa) F1 H 4 [ J& 7K 2& ( Tigriopus japonicus ) $1{K & B H — & MR , B R KT R ETEK
% (Eurytemor affinis) TACK & B FHEME M E"" .

AR R, BN ER AT 5w T R 00 & AU A5, 78 80 ~ 2000 wg/L B 5 /1 7= B B 7 &1 3
FTEX A, TUE TS RSB ERR A G A AN E, F R HAFE, X5 Sugumar Fl
Clément 25 R S5 SR —3K ) ;i TBTC 52 AR, SHX KRB A TP TR —3 . BRI S5 Bat
KA SR B ST HE AR AT LAVE S W I PR 55 8 3R % A TR G L A3 B S R 8 R o

SEIG AR I — A W& ) N A IR EL R P A B X AN K AR S R G K AR AR AR BE A
BRI, CAPRKEINERESE Bt IR AR ERES —4F 8 29kDa HIE R, X
bl 2 e K el A P B2 BRI T & A 3L T8 , 6 B ) B2 R AR BIR B 7= A= 7T BB 32 21 9 43 M L 1 ) 8
& EEEAEE RAS HUR R WA CIRE ™ o WAEMIREE MR TR % 46 BT M E A BF5E , AR E T
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HHESh YR PR (R 77 7258 SRR , 2 A T AR Gk IR 19 AL ELABCAR ST, A8 PR 4 LA Py o T BB AT FEAH
AT B, B ISR R 32 AR5 A R SR A F) P YR B MIRBIR , AT LA T AR 7 3 I — 2
Wi o AMIRPERER BOAFTE S0 8 HU R A2 0 S R 7™ A — R R M), 2 X 4 T ) AR AT O™ A T8, ELAMIRER
SRR AL RS AR S KR TR AT RE Sxid o had BRS He R P TRCGR RO R SE B, R A AR T S RN A AL
ATV R P 4 TR A RO IR

B IR (PR SN SRR R ROR 28 ) X 4 FE 7 R 4 K IOME 2B 3 (IR TIR S ME (AR EL 3R ) Ty
YA 7E (TRACHEMR EL R ) iR 5 N TH0A R AR Y R 6 2 X LR U & L B B B A
ARB™ A il B e AR TR 2 — B IRA B AT S PP
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