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REBRAKEFI)Z, BE BB LSO E. X L5 % 557 5 5 6 AR 4R BEAT #1358 AR SC /K F S A UL AR ) (39 ~ 433
pges” ) 42 d BB, LUFHZWIFILE Pb 5 JeUTAR VMBI IE T i 58 58 0 o7 A0 S8 AL N SR R SRR o 45 SRR T, VR BE F 4
ST IR MR Y R ST A R, 2 Pb YR EEZE T BV YUK P LA b (=246 pgeg ) B, BT S BB E T IR, B 945 (66
ng-g™') BNFTE AT BEEST AL EE SOD A1 CAT By ALRI i, (B2 7E B B ML 22 5, i e BURME R T bE . 0 MR BE RO 40
(433 pg-g™") ATEHTALEBIOBIMG . FFBRAE I Bt H AR GSH & i (X 7E Sk Pb W BERS At B B3 T RE. A4 S5 i 4R 1Y
42 dZEFENMBAT LU B B TS R UUAR Y B @ M B MO0 . ATIBRAE SOD A1 CAT 377 LIWEAUTARY P 18 13l ) ¥ 7E A 3%
AWIFR W) HEPE R SOD I CAT AT DURIERR /R RK P Pb 15 L UL AR YK 175 Je 38 ) BURRAE WA 7 90, ZEAIRMR 2 Pb BB R
GSH F) RL 3R L AR R AU
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The reproductive reaction and oxidative stress responses sensitivity of Bellamya

aeruginosa to the chronic exposure of lead-contaminated sediments
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Abstract: Sediment toxicity tests using benthic invertebrates can provide important evidence in the assessment of sediment
quality. Bellamya aeruginosa is widely distributed as a dominant community member in aquatic ecosystems in China. In this
study, adult B. aeruginosa from lab cultures were exposed for 42 d to sediments artificially spiked with lead (Pb) at
environmentally relevant concentrations (39 — 433 pg g™') to evaluate their reproductive reaction and sensitivity of
oxidative stress responses. The results showed that no reproductive toxicity was observed at relatively low Pb concentrations,
whereas the fecundity was decreased significantly by 246 g Pb ¢! or above. A relatively low Pb concentration (66pug g™")
led to significantly increased hepatopancreatic SOD and CAT activities with obvious differences between sexes: the oxidative
stress responses of males to lead exposure were more sensitive than that of females. A high Pb concentration (433pg g™")
caused damage to the antioxidases. In contrast, glutathione ( GSH) contents were only decreased significantly by the
highest Pb concentration. The reproductive response of B. aeruginosa was indicative of the chronic toxicity of sediments

moderately contaminated by Pb. While GSH was insensitive to the chronic stress of low concentrations of sedimental Pb,
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hepatopancreatic SOD and CAT, especially in males, were potentially effective biomarkers indicating the chronic stress of

low concentrations of sedimental Pb.

Key Words: sediment; lead; Bellamya aeruginosa; fecundity; oxidative stress; hepatopancreas

TIRWRKAEDS REMEBLA RIS, E—HEAKEEYRB ARG MERYE, 55— EE
FERA ED R RGEIEE . 155 TR A B30 7K AR AR ) i) A R T B DA R B ARV G540 45 1 AN
Flggm, W HAFAE EY A KLY ESE, BEH YRR EIERXNENKES RGNS @R
RS ER Y o B, XS R TR, U B SR B U VR, KR ER B R B AR AL 5 TR B 3F
BRBEEERNFERXERD o AR IS HEs 2T R 3 v IR AT DO TR IR B 4R B
BERIRIED . BRESNE RS T LSRR BB IR A > E i TR R0 38 5 AT 3h 4 75 Hi
A AT R EWE T A AR S S AR B 25, X s B H H6 R B F I A U PE FSE 10
BAERRTATHE, BRNF SR IERE R B EA EEASME L EHAEMETR X5 G BUR R AT T0 5 HESh
YE YK TR EE IR Y (BETRE B A B B — P R EOK TR SR B A - b
Hi S5 IR ( Bellamya aeruginosa) 52 & T JE 49 IR BL IR K AR ) , X Wy Fp A o S5 K0S, DASE AT I,
HESAR, R RG A , ZER ERRAKOK IR AT BB K, FEWB RV, RS UIRY B VLS 4
WA, B—FERBED . ZYMEE—EaRNaY, Rt NS, Eesh AAEEREA,
H G, JURY s R A W BRE S M I A W) B R E R B IR E R RAEMIRN , Bok FBFR R B H53F
BIBXHE KA R SR A BRI SR F, TR 504 YR o b A AT A2 ST H = ik
TR AN, SREEFRERZAZYF T UL EH0 T RIS, EaARRE4 ~5 A) 1
PR R/INE FF (IZ5E K AE 17 mm DA B, SEEGHERVE 5 (8

B (Pb) RESMWIKLTE BTG, BFFE KW Pb 1@ MR B AT K A S 7= A vk ™ k3R
Fi Pb A S KA S AN EE" TR AN EREEERERREY, KB ENAESRKEZ
FIRRAMTHZRE . AETTRYI Pb {54 EBIR T & T A =& sh, liE T AR, UTERY) Pb &
B MR, O MFTFE 1S IR E— SR R+ Pb KI5 YUK F B & A3 160 ~490 mg-kg ',
TR YUY R R A5 R T Pb (9 KU IRAE (ERL) 47 pg-g '™ FEAERR R AR ST PE RS . B B AT &L
T Pb 15 3L X AR TOE HESH ) AE ST R SR AR D RGE . ASBF 55 F I S2 36 28 55 57 A 45 AR 8 617 Pb i
FRUTRRIEE PRI, SRR S5 PR B X Ph 18 4 2 58 1) S e o P A0 A O 385 B o ) BBURR A , S R R i S P AR R
VE TR 3 IR A P 4R HE R 2 K 4R
1 #R5H=*

1.1 U550

UV-757CRT 5] WAt B ( LK B R #UER B IR A F]) ; TGL-16M & X # e L L (K
S AN E A BRA 7] ) s TAS-990 JHF R 2 66 BT (AL 50 % 4738 NS B IR ST /E A 7)) s Pb(NO; ), (BE
W \Tris [EDTA-2Na LA K H &350 35 Jy [ 7= 43 A 24 5 8 A 9 B AL 6 (SOD ) | o S fL 28 (CAT) A& e H Ak
(GSH) FnZE | 255 & W B Rt @ Ak Y TR AT
1.2 SEEFYREESR

SEIGRE SR AT FH AR AR PRI N 2% B EXDUR Y e P T4t o A R . IR DIAL RN RS SR7E A AT 80 OBIR
AR ENIEAKERREH T, AR E F BB E RS E RS b, BN ERE AT 36 L(K
X F& X 7,45 em x30 cm x27 cm) o RALT AL TCTE G T8 57 bl b 1 35 (BB HLER TOC 2. 6% ; 5% TN
1034 mg-kg ™' ; BB TP 1147 mg-kg ') SHTIBMSLIG RHE %, HIERAWIBH EHES AR BRI R, £
BEEAMM RN ESBY 5 (Cr.Ni.Cu.Zn.Cd f1 Pb & B4 5K 53. 41 .31. 34.19. 74 44. 98 .
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0.38 wg-g ' FI19.97 ugeg™') o $%H Pasteris Z 71 HEAT HIRAOSRAE SAC B SER/NARE M 1 ~2 em |
RIZTIEERR RFUWEL 20 om JEH) TIIFRERZW) , KR 1) T3 7E 80 C LT BB, RAARRIRH
I E WA 138, SR J5 LA 150 pm 9 @ S 5 0 3047 3 0 A ZS BRodEL BORE . K5 TS 383 151 19
FRLSEREBRKIBES S FEREKES CTHET2 h REEE EEK, Siabxflti)Emt
BEA S 8RBT SNAHME S SRR B . FEFREL R B UM EBK M IRTR L 1:4, 853 &4F
g7k (24 £1) C ;G HRBREE 28W ZOBAT s BRI 12 h HE12 h RIS ; X8 B RAKHKEH pH 7. 99 (H &
2 267 uS-em ', H4500.41 mg-L ™' B 2.4 mmol-L~" FHEF 78.4 mg-L ™' FEKMEESLIGFE 4 mg- L7
DL EGE TR K OERERLI) . FEEFLED, B4 A EH 50% FI5FRER . BUR YL FsE 7% B
150 -G MEREE A 2:1 ( B ARFRERMERE LR 2 ~ 3:1) @ B ISR [RIAHE H A (0 4l M- % 8 B 3 R B v
FTRESR N 500 R 71,2 A A 5 MERE S R RS 5%, R TR R O 300 H-fr ', 4 AN A G, HE IR 150
R~ B3RP R = ok fa ikl (b = AR MABRHE A RA ) , RS Bon, B i 2l 1)
HEESEPb H0.12 pg-g™ (FREFRUES ~10 pgrg™') .Cd H70.02 pg-g™ (FREARME 1 pg-g™') Cr J70.27
peeg” (BREFRE 10 pgeg™) o 4HIR.1 H AL T A IR A RS E B4 510 2.6 7116 mg-32~"-d ',
1.3 PR BT AR AL 2 A2 P

Pb finkr BT FH TR O Ab B 5 5206 sh 8 5% Bf N TR 5E A0 R . Pb AR R FUARFRUE B 410,20,
50,125,200 F1500 pg-g ™' FE, ZIKENE S TIRYIFRETSE S Pb MXEARE(ERL)47 pg-g ™' (AT RE
BOBLYRE (PEL) 112 pg-g ™" KUK H{E (ERM) 218 g g~ AR I AN B { (LAET) 450 pg-g ™' %! %
F& Simpson 2575 B2 X YT AR #E4T Pb IARAL R, S F B FKECH 2 ¢ L' i Pb iR W (SR Pb
(NO,),, AZE Pb 1) o AUARRET, SGill @ U B TR EL , 38 e 1B b BE A T i DR P FIAE . Pb 6% 2 WK
M ARG 11 R 7 B BB 61 31T 1R & (Ph AR IR MR FR LA KB FK AN R ) , F T8 /AR 715
HE/ 1 h, IARBBGELEZIR T A4 30 d, ZEAEFAIE , B 0% 3d XHINFR TR 784 B P — R LA Pb ZEUTAR
Yk B A AR o it BRUTRIRR N AN Pb AMEAR R 7 AT AL B . SCIGTTRART, TR 5 BB KA
TR 1:4 FELG) K B3 A 3R A TRTTRR i 2] 5 AN E ARG (4 L) o, 5805 /N0 s iniss B K, R AT BB
XU IS , B A TR EL & T — KIS RN EVIBIE A A, #E 24 h, DI SR . B
FASEEAE S 5 7 1% HERE 53 FF 55 57 1 B , M HERR 5S4 518 (19,03 £1.19) F1(18. 18 £0.876) mm, SLH
FFORET , ok i SCIG IR R4 4, B MEAE 10 2 HEIR 8 K SRS A BN IAGL o, SR A L BK B 525
TR BATEPEIGA™ R K BB R Sl S R (AN ) RS2, B R 10 mL-min ' A4
R b R R R (4 mg L") o SHEMIGRECINE R M, FEE—ERE R S em KIFL, HEREZ .
HEHKMSEFRAMEMER. BRER K, FFRESNTRE AR /NE T BEF L. BREEIREM
W, M 3d KA 1 EERE BRE e S pH MR E Y BB LR 42 d, ELRIFIR MR, e E A
AEFR AT TTRRYIRE G, SR FH AR R -1 R - 1=y SR - S BRI AR 1 R0 K A S ISOEE 7E TAS-990 JEF IR st BE T
iR S P YR . B T SCIRHTE BB TR Y Pb ST YR B RCR B AR, I ARSI 4
SRR BE LA BB RIS DU Pb SCIYR B HOSF-39E 8RR, 451 20,39 .66 ,136 246 433 pg-g ' TH,
1.4 Bk

ARG ARG TR T 0% , THECFEIE FIFE T (5E5R B ) M/NE, F R H i /MR%L,
THA MR ) BET8 7 5 X TS B SE IR, FR A7 e miiR o , NP B FA wh 23 o IR A, FR R, SE B AR P A
A
1.5 JFMEAEH SOD . CAT F1 GSH il 5E

P T B 0 5 287 A B A B BF IR PEAE S0 04T, o SR BB IR &, 3% 1g:4m i1 A% 0. 0001 mol-L~"
EDTA-2Na.0.01 mol-L ' B8 F10.8% NaCl f#0.01 mol-L ™" pH 7.4 () Tris-HCI 2% ph¥k , FATE 3550 3 2546 VK
B A3, F 4°C (10000 remin ' FESL 10 min, BUEIEWR, BIE 20% 513, SR G 43 B BUE BRE &R B R
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10% F1 1% )30, BEWAPRAEN . B & BONE RS D ik BA Y B L (S0D) F 1K
TRE SR PRI 5 1 SR A A ( CAT) 335 4 R0 5 2R 358 S0 20 0t BE 1k 5 8 B PR A I H K ( GSHY) 140 5 2R
DTNB B Ay, BAARMIRE BAERTHE 5 5 mU A Y TR B B0 & Ui Wl B 17, b, SOD i CAT
TEPERATE A Ros (1B 1 A8 2) o

180
160

8(n=24) 2(n=18)

140
120
100

SODj&:
SOD activity (U-mg™! protein)
S D o0
oSO S
T T

3]
(=}
T

0 e B OB B B 2 B BB : i
20 39 66 136 246 433 20 39 66 136 246 433
XFH& Control %§H& Control

VIR Pbik
Sediment Pb concentration (ug-g”' DW)

1 BmprUiERY 42 REER 5 X5 PRI T B g SOD I
Fig. 1 The hepatopancreatic SOD activities of Bellamya aeruginosa following 42-d exposure to the Pb-spiked sediments
AHE A FRERR2ZFREE,p < 0.05,18D LEHBK K Treatments without same letter differed significantly, p < 0.05, LSD

multiple comparison test

120 8(n=24) 2(n=18)

100 - c

CATiF M

CAT activity (U-g™' protein)

20 39 66 136 246 433 20 39 66 136 246 433
XJ 4 Control XJ 4 Control
VIR PbIK

Sediment Pb concentration (ug-g™' DW)

B2 BmpRUiERY 42 REGR G X5 PRI AT B ) CAT J5 44
Fig. 2 The hepatopancreatic CAT activities of Bellamya aeruginosa following 42-d exposure to the Pb-spiked sediments
KePRR AR R E R R ZER B ,p < 0.05,L8D LE LKA K  Treatments without same letter differed significantly, p < 0. 05, LSD

multiple comparison test

1.6 Stitoadr

SLIHHE R A SPSS13. 0 #AT4e /4T, 32 FI A I R 25 /001 (ANOVA ) 147 40 3 |] f) 25 55 B 3 M LR
Xt FEIE T8RRI TF AR BARHE A, R FES 3 Mann-Whitney U #3635 40 Hm 0} B4 S5 0B ) 22 57
BEME X T H B, ST IES /AR50 H808 M R4, AR5 FI A 2 E iR 561 (LSD #:538) i#
TR ER BEERR, 25 BEHKTERN0.05, LIERUTIHE £ frfEERR,
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2.1 BEfAR UURRY) X 45 R MR S5 7 B R i

42 d BELWAERIGE , B E L MERAAE B AR I/ NBROSFE NSk 1 FiR o AN R] AL B2 rp o
SRS RIITE 90% LA L, T 3% [ B8 JR B 77 B DU AR Ay 08 1 3 47 00 3 00 3K A A MR A7 95 R A o
(80% )", W Pb AIARUTEIA A SRR A 42 d B FTR AR IR KR AT, ASSLH , M4
£ BT 7 LA SR 4% SRR 7 1 RN B P2 PR BOR R , 2 Ph WRBE D 39 .66 ng-g Al 136 pgeg B, &AL
HRZH MEAR B B A ) S0 FRALAE LU BB 2R s FE R VR EE P B T, WEIR A0 B0 ) (B 3 T, 9 D R IR 4
i 50% , B v BE B P B 200 SR 5 S B MR A BRI

F1 EMERRY 24 FBEERSARENERES
Table 1 Fecundity of Bellamya aeruginosa following 42-d exposure to Pb-spiked sediments

Pb ¥ (pgeg™') g VERTIE 4 H AR B/ N S5 1 (7R W)
Lead concentration Female surviving Total offspring Fecundity (offspring/female)
20( Control ) 9.3+0.6 47.1+8.7 5.1+1.0
39 9.7 +0.6 51.7 +8.4 5.4+0.9
66 9.7 +0.6 56.8 +7.5 5.9+1.1
136 9.3+0.6 48.4 +4.9 5.2+0.8
246 9.0+1.0 23.8£2.5 2.7+0.3*
433 10.0 0.0 24.4 +5.0 2.4+0.5"

* FRGXRAMILZEF B3 (p < 0.05, Mann-Whitney U ;%) Indicates a significant reduction in offspring relative to the control, using
Mann-Whitney U test (p < 0.05)

2.2 EIRUTRN 6 AR TR SOD A CAT 35 H: S

IR BE i) Pb AR TR X 4R S5 PR RIS VL8 42 d J5 , Mg 9 v BT B JUE H 40 48 AL SOD Al CAT %
PEBE Pb ¥ BEFHE TS LRI GL AN 1 F0 2 B FEXFHRAL A, MERRE BT 2 1| FF B SOD %4 (p = 0.911)
I CAT 35 #(p = 0.497) MEA BEZER . 4T SOD, 2 Pb ¥k =66 pg-g ™' i, Mtk SOD 1557 B4 AH
FRB N B TR BV P RYR B Pb B0 5 SMEME SOD 151 BT+, 24 Pb ¥R =136 pg-g A, SOD
YA RN BETE; 24 Pb WK F] 246 pg-g B, MEMEW P SOD &MY AR A, A BB K
(147.06 U-mg ™' #1119.51 U-mg ' 2R 1) , 4r B xS BRI 2. 90 F5F01 2. 38 4% 7EH K Pb MR BERT , WERE BT H0
SOD 35 5 H A KB L34 B 3 T W, (B T3 R 2L, 20 B X BB 1 2. 54 4350 1. 93 4%,

%t F CAT, 24 Pb ¥ & 66,136 1 246 pg-g ™' B, MEdk CAT 35 HE S E 5 F X 41, 24 Pb ¥ & N 136 A0
246 pg-g B, MEPE CAT 151 B2 R T 0 BRAL; 24 Pb YR BN 246 ng-g "B, BEREWT#E CAT JE M)A BBk
18, M BIXT BB B 1. 37 F5F0 1. 22 4%, T BLAE Rk Pb W BEAb TR , MEREWIVE G CAT {5 1k 24 161 9% 28 5 % BR 244
LK,
2.3 ZYimAn iR S PR AR TR GSH & & 520

IRV BE ) P AR UTRA8 P 160 %ok 47 45 B SR TR JUE GSHL &5 2 oS0 WL I 3. 4 Pb YR BE7E 39 ~
246 wg-g ' Z B, BEREBPE P BE GSH & & 53 R4 AR B8 B2 S {UAE B K Pb ¥R BERT, GSH &
BB ERTXRA, 25 TFET 31% M 54%
3 g

W EIR BB X R B S R R B BB AR R R MRS R s S
LR KA ST KIS R E T, 50 TR AR R BB R . BUA DU 18 13 v i
WFFE R, ZE3E 0 E AR 15 YL UL A S MR B K ST B BLSORE B, 908 ) S bl AR K R 35 5 4 B o i
SRR 57 Ringenary 27 fBF5E R Pb MARUURY) S BRI 2 Elasmopus laevis %5 11
EIRRAIBARRE 7 234 pg-g ™'  EARSLIH, HUTRYIH Pb YREE K 246 pg-g ™' B, HI4E IR IR A E 58 1
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60 - 5(n=24) ?(n=18)

ab ab
40 - ~];

30 -

GSHE#

GSH content (mg-g™" protein)

20

)
T

(=}

20 20
%} & Control %§ #8 Control

VIRRPIPbIk 2
Sediment Pb concentration (ug-g™! DW)

B3 SmbRUiERY 42 K55 3 PR B T IR ) GSH &5
Fig. 3 The hepatopancreatic GSH contents of Bellamya aeruginosa following 42-d exposure to the Pb-spiked sediments

WPETCHF F R ERRERDEF,p < 0.05,LSD LEILEKK  (Treatments without same letter differed significantly, p < 0.05, LSD

multiple comparison test

BB E THE, BH A3, T B SUTBY R EIEE b Pb MR H 1 218 pg-g '™ 8, HFEEIEHNE,
PP EAT B4 (1) A A SR 53 ( Elasmopus laevis fAEATRIEAZ90 1 A A TS HRIE N 4 ~5 M), FEFT
K FH A DU SR A [, AT SR PR R 4R, A SE 06 BT 2R T 9 kg A, BRI IR T ) 0 5 SR T B SR A
BT Pb XMERR R E MR SCECAR AR & B 45 T TH RS , T AS RIS 0 T3 45 5 R RRIA B Pb X4 34 (1 3¢ e
FIEIE BB 250 . Lock 1 Janssen ™ Wf5¥ T 4 #E 48 Zn.Cd.Cu Fl Pb XF 4| Enchytraeus albidus 4E
PRI BT, 25 SRR I A ar R A R R X 4 FhE 48 iha M BUSE . XF T HISE A RIR, R A
RPNV MR G T LR R Pb 5 YRR ) B 58 3 I i R A e — 2B ISR

PUEALBE RGeS R E A ERRIE AT, 7T AR IE WL AL 3R 4 , 2R 35 e i P B M At 2 0 &
ST AL R G , R TS AR RGeS s PR & B R AT DR BRI E AR . PR
AL B 2R 5 B D% SR il —— e S AL B fL G SOD At AL UG CAT E &9 A1EE &R 75 A LI Uk A
Yrpras S b, SOD BG4I N B A B T A B3 0, 4kl H,0,,4R)5 CAT ¥ H,0,%1k N H,
O, P Uh — BT IR OB RRIETER . H TSRS35 Je W vl LA R — 28K A Sh IR I 0K F
ThEs AT = A E AL L > o ASBFST R, — Wk ) Pb BRI AR < 300 2 5 7T S04 4 B LT Je
JIE SOD 1 CAT H} 3B 2 ) AL LIS AT , T EL S PEFE Ph ¥ BE F 385 fim 7 38 B 1 B A< U — B A2 4k, (B A7
TEB AP 22 5, Pb 15 S HEVES SR BR IR PR AT SOD Al CAT 35 ¥ & FH R A BARYR R 66 pg-g ™', ik
WEME AR YR B 136 pg-g ™' EME MRS T MEVE . ZERSFI MR Pb( =246 pg-g™') 18T ,SOD [ ¥4
JRMLEL CAT BE A58, FER K Pb ¥RBE (433 pg-g™') AbFHLL,SOD Fl CAT JE M3 i B 7% , CAT 35 M {4+
FE 5%t FRALAH 24 7K F , 53X U A 4 Y ot B TS PR R B 4 T B4 I B Bt AL A 45495 , DA T 3 4 B 4 R HE T
T B HEE S TR ALEEE PE AR08, (M BRTE TR A B AR, X 5 TR ) X WA Sh ) RO BT ST 45
RIEA—F,

BREH K (GSH) @ HTESI M IFHA T & Bfm , B2 —MEHENIEEL =K, BME LA S S
EHEERER, M ERERASNEERA, Bl LSS SELREAHTMRE . 4L+ GSH K
VA E A S R BRI TR E WA RS . BRI KK Pb KR &l A T GSH
FREBARW TR HE Pb KR BN 5 &A%/ FUFIE GSH & & AR5 8 2] T2 55
F X Pb KIAR T XTAFE GSH K2 £ Z B T HIRE
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&Zig
M) P ] 5 B AR SR ) S 1P A S BRTCRR ) v BE 45 e il O MR AT RO0E o 9 A e SR AL g X

Ph [ RS I SR T 5 , SRS PR ARIR TR AE SOD 1l CAT 0] IVE S TTARY P 18 P38 98 S A Wb
W), JHRAENE) SOD Al CAT AT LURIERS /R /KF Pb 15 3 TUARYI K I 15 Je h il B U A AR 590 , 7R 11K
VREE Pb B8 T GSH B RIS B AH XS A Uk
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