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IKKSE R EXT B &L Silurus meridionalis
NENESSEZZM

ZrE, X x., EHEE. HIE
WK KA BOK SRR 7 /K £ Ve U 5 A % 97 BT I TR S0 L TR 400715

WE. A TIR B 5 & Silurus meridionalis Chen %44 (18.9240.09) g FBFFEA 4, L ZnSO, « 7H,O
NEEWVE . KL (27.510.5) C . W 25~30 mg CaCO, /L 4R . A KR 5% (Zn*" ) B 52 %1 J7 ik i 96 h 2k
BFE T (96 h LCs )0 8. 98 mg/L. KR Zn®" B e BE 40 3k 0 BB 4H) . 1/60 96 h LCs i1 1/30 96 h LGy,
r 31 149. 60 pg/L A1 299. 30 pg/IDMZAFT . 347 T A1 8 RIS P R EE S04, 4R K. Jg0 M 1 LR KR
L RREMRT R AR B TR RO R 2o’ R E W LA R T, HE R R Zn(1/30 96 h
LCso) B T AR A MR e o 4 58 A0 A A 3R L I TG 0 I 4 B0 8 3R T 4 B 4 (p=<C0. 05) 5 i ' 48 40 5 0 1k
R REE Zo* " REW BN TR T AR, R E Zn(1/60 96 h LC) BRBH BFIEEE F & TR HH (p<
0.05), ik E Zn R HH LUBR R EH & T HK 2 0B (p<<0. 05). BEE KKK Zo®" Bk BT, M
R A BR BB IR R B, T4 B 4 B B Rl 0 6 B B S R R L I B O SR 40 SR s A A
. 24 Zn BREE A A REE TR R 80 B KT 4L (p<C0. 05), R E Zn B 5 4l fa kRl % BT
T BRAL(p=<0.05), PR K4y . TR/ B S AR E R A B G # L. SRanir. 8. §. B, W
ML SR B AR KL mh iy Zn BRI RKAE Zo™ Bk i 27 @ &R W Zn 2T AN, 688, B K&
Ll Zo SRR Y P 3 T B (p<<0. 05), ML BN Zn R ETER A 22 7 A B A Geit L. PRk ER 4
fu R & A LR Zn B BREURITF MR, KSR I 68, B . @, ik, UL, mRZEAA N . S5
o Zn RAEARIE HI W E m T HAMHA L (p<<0.05), JLNHH Zn R B EAR T HAH K (p<<0. 05). @it it
WHE . KPR Zn B 58 AR T RS il g R AR R, A RO e R R AR A BRI AR T T A AD R BRAIR T MR R R
B R CRE R R R, PR AR KO SR KR Zn 32 EE G 08 At 20 i TR BR S 40 AR ) A4 2 4l
21, HAR LA Zn BRI “IETE BRA 2.

X 8 W KIEEZos AR A s 418 Zn BEL BT

FESEE: Q958.116 XEFRERL: A XEHS: 1000-5471(2017)05 - 0001 — 09

g R SR KA AR IR LTS ey 2 — . R B AR . T A 3 IR K AF NS S gk A A SRR
PR, BEE NG SRR . A4 B R AR A B9 SN IR A Wt A K A BB . (KR AR S R G2 B R LR
PR ) 42 R B T AT A B s R XK A A AR R AR AT ORAE KA AR RN BB KRTER IR
HAERIG YA BESE | OISR AR Y Rl G e i AT LA S ) B A 2 B B B R O AR R X
NZEAE R 7 PR T AE

PEZ) WM ESRGREYZ —. WERAEYLHICRZ —. FER. BE Tl A&l 5P & k.

O WHHB . 2016-12-04
BHETH . EEARPEIA I (31300338) ; MR H AR K 4 0 H (ste2013)5B80008) ;5 Fv e 5 4% Fe A BHAF I 45 2% & 00 3 4 100 H
(XDJK2016C156).
EHR A ZTHZEA989 -, By INHREEAN, Wi+, 2235024 2k A 5%
WEEHR: BNE, #R.
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Zn HERCT RS K A TS Be g i ). e SR e b N TR a9 5 4 Zn A o e i, B
T K AR RS K A PR R TS Yy, e R S P BN DAk, BURKTIK ARG Zn R IR
AR i 3 1 Rl K AR BR BE 0. 1 mg /10 AHAT BIEFE4 H R VLR 20 T B AN A P B9 Zn 15 G 1 A 1 X il i
WEE= B T WA faE

PERORASAE S £ 2 A HER 3S Foe ELOL AR b P L T S I T 4 % 0 X A 2R R S Y S M L Zn B
R T LA B S B AR B AT TR AR A RE A T Zn B R 2 o0 o S 0 Rk A O
BU L THFERSPRE I NN Zn B R FE LA A A . AR T AR IR I S LU Rk, T ROA a2
19 A KR AS TN K- AT LIRS Zn 58 85 X 60 28 52 i (1) T 245 4R

024 A AL RN AR e % B AR Ry R i AR AR . P LA S e S AN IR RO BREE Xl v L TR
LT R 07 I 43 2 e 2 B 0 R AR A O 0T 7 — 5 2% T 3 6 A R A AR R 1 L, Y ik A A
PRBE R A A . SRR U B B AR KT [R] I B il Y 23 O S B i A A2 R A AR A

RIS KRR B AR R R R AR BOR Zn R AR KRR B TR
R IR R (E A U R A R AR R R R VR 1Y Zn KR AR ZH U B OBOR R R Zn 1 R A
2o THUEBRAE S, (e R 20 20 BB, X iR AR 2 AR, T M A P IR 8T K 1
. R T RE ST AN T A P A A SR U R AR R BPRA RN Zn A R PR N B SRR 2
MR BERE . pH (E ., S, BERIRAS . BERIEF] | B8 5% 0T B vk B2 A5 AR A= W I R S Am b, £ % AR T o B B
SEAEP A R R SRR R T Al TR A AU B AR A R LY 25 S O R 4 R W ok A
T3\ BRACH NG BRAE ) 2 AN AR . 76T 4 R AR 8RS AL SRR 22 S

ABFFELL ZnSO, « TH.O O Zn B 5. LR 7 fili g 528 % ¢, WLIN AR 96 h Py A% 2k v 3 i AR K
BOL BRI . IR A KR Zn 575 R B2 2 82 T 0 B 7 AR AR AR L AR B A A 4 o) A% 2 A
H Zn REE AR . ORI KAR Zn B 5 X v T 6 A 25 T A AL ) B AR A BEORE

1 MR E
1.1 WaRESIIK

S UG A1 S PG R K 2 K A A W BOK FRSREAF ST T S A N TS A (R R O e 4l . SO U R O R
15 g Aidn RRTCH R Ty il 4 #1600 Fe ., TESCH % N T FRGH A N #E T YIMk. #9Ifk fa BE AL 3 %= A
6 MEAKIIE R G . TANIEARRGE 10 DFRFEM AN KX FEXFH =42 em X 29 em X 25 em) . FA~F
BEAE 10 BB, YIMLIRIE R (27.540.5) C, /KR R (25~30) mg CaCO, /L, WA KT 6 mg/L, pHE N
(7.102£0.05), YEM K L : D=12 h : 12 h, K 8:00 FFAT» 20:00 4T (W IF36) . XAT /5 LB fa
Ctenopharyngodon idellus 108 R R FEWE 17k, 21:00 {EPIERIE. SCoefa B Femt a2 2 J&. 42 d #H
1T WOK, BRI K & 29 Sk SR 1/2.
1.2 2EXH

B L IR AR BB A (17. 84420 13) g AYSCEb 40 180 &, BEKLAY 6 2H, H4H 30 . &4 5% H 3
ANFRBEF . A FRFHAKARTEA 30 LK. AR BEEE . pH {E . 6 RIIANE A 55 550 5 9N5R 0 —2. LA ZnSO,
« TH,O g Zn B U5, LW S50 45 B0 KR Zn 588 T B J7 il (9 5 K 4 A 196 R B /)N 4 B0E JoT d vk B R 300
JWFEI 7.0 mg/LA1 11,0 mg/L. MRIGH I LER ., 6 MAEFRLL ) Zn FT R E 7350 0GR, 7.0,8.0,9.0,
10.0 A1 11. 0 mg/L, B EA 3 MEE ., BAEE R 1 AFRFEAKF, 554 10 . SLHHFLL 96 h, IH
AL, B 24 h 4K 1R FEE K RTBOUKFERFIN K AR o Zn S523RBSR BE . KGR T 0 OB B T T AR
MASAEH A KR Zn JRE W E 4498 0 CRKE H), (7.12 4 0.08), (8.08 £ 0.07), (9.09 £0.10),
(10. 0840. 04) F1(11. 06 0. 05) mg/L (Mean=+S. E. , n=4). L FF G4 1 h WE 1 %k, ELEMWE S h,
SRIGHER 4 hOWER 1 Wk, 430 s A rh 8 R IR 55 58 T .
1.3 (23w

WY G, AR R AR (19. 7220, 10) g fafk, BENLS N 3 4, B4 70 B (R EF &R ILE D,
A 1 AE A TR R 5 A% S5 WIFRIE K FRIH R G — 20 . BANRGH 10 ANER (10 A FRFKHD 4L,
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BAAFRIE 7 RS A, AR 2 SIS A KR Zn J5 kB X R il 96 h LCs, (8 977,70 pg/L) ., 43l AL
96 h LCs, 1 1/60 (fIk J5t 12 4% ) Fl 1/30 (i o7 8 ¥ BE) X S g f R A7 7K A Zn B AL B, 538 1 A28 XTI,
B3 NS dl, KR Zn B vk AR 91 0K IR | 149. 60,299, 30 pg/L. SCue /KR AR KR . KR
JE . pH {E . BRI ek R $ W R R 2 5 YA S AR ). B s K FTIBOK RE . F OG- o b
THIE 2B K AR Zn 9 5 A 3k B A5 A 2 K AR Zin 76 5% 5 0T R A S B T v BE Ol O CR A ) L (151, 18+
0.93) pg/L F(302.282.01) pg/L(Mean®=S. E. , n=28).

KA Zn 288 8 )G . IR 24 h, SRJE ] MS222 FREE. 41 BEPLHNIR 30 10, W fh i HLAE
YIRS JEEIIBON IR . 85, B R B . WLA R 2 200 R R . 1E — 80 “CIRIR PR A7 R I 5 4 201 Bl AL F1l Hi
8 Rt [T E fa iR di b A, SRS ML T e i, Bk I E i A kA o Sl Zn R
1.4 BASERKRSHEXBERNITEARX

e R KR (SGRW, %d ) =100 X (InW,—W,) /t

B3 B (CF, %)= (W /L") X100

FF#8ECCHIS, %) =100W /W,

B E (KIS, %) =100 X W /W,

Horp W W, o3 51 Dk fa (R 2R AR T B A G AR T () W WP & (gD, Wi BB R, L
ST AR (em) o ¢ SR SEER ] ()

1.5 FIERBHNE

SR FH VP A K 27 K AR AR W 5 K B B A 5 T 18 0 A #8288 3 K T I A R A B ik T RE S B £ A R AR
AR GRIRFEHIE (27,5420, 5)°C. KK Zn B85 8 S, LI MmN 24 h, FRUAGR R, A A AL B AL
L 8 R A APEWAL, RSP E B 1 B, 5 F— AR ) I s o IR AR PR == g Ak 24
h JEIFLRIE . A 2 bl 1wk, DA 4 Uk B8 R 7% fa 1) i 1b 1 35 0P 1 A 4201

SLE AR R ARERR TR AKX R= (A0, XV) /m

Horp, R FRR 286 g LS L0, : mg/ (kg « h) ], AO, RoR A S5 A0 IR 2 5 28 1 I 2
P A ZEME (O, : mg/h), V RIRIFIRLE KGR (L/ R, m Fm 52580 7R 1 7R & (kg).

1.6 BFASNEREETEGHE

W WORE f AR AE 70 C TR HET 24 T, W0 T 0T T A AR, SRS I B S At T R
Y14y, FE B A BOR FHOILIR 8 ZUE I 5E (N X6, 25) , M8 I i 20 BOH &R IR 4 0 2 K 20 o i o0 3k
IR 9 F 550 CRUBEE I, #E& % B R /AN E(k]/g) = 8 5 & 40 %10 X 23. 6+ Jig 15 i £ 43 %k X
39. 5 BEAFAR A
1.7 LWk REaEARAS Zn RRENE

SCEG K REAEVRER 50 mL, BUREJS 1A HAN A 0. 25 mL Hefilf B2 B2 Ak i U8 5 AR 0. 45 4H N 5 BORE £ 30
BAahBELEER 8 B IFNE . Bk, 68 DUA . WG 4 48 Zn SRR, FHI 2 fa AR 21 43 1) o8 I
Sefuvh Zn BREE. RESE D E 2 % b B R RS E DT EETY . BRI 0. 1~1.0 g BEAE T 50 mL HEE IR
o AR ES N 8 mL AR AR (AR 1 s DIRATR, #E NI 10~12 h J5 A #uk 150 CHR .
Je H 0. 05 YOS MR E 28 28 10 mL . Ab B S (1% 7K FE A 42 RE 1R KOG -5 T 20 6 B 3 (TAS-990, bt
Br 38 AL S AT BR 532 ®D W L Zn SR
1.8 HBEHITHHAHIE

¥ M Excel 2010 1 SPSS 19. 0 #4247 2040 5 #E K Se v 3 B, 4% 4 18] LA >R FH B R 22 0 22 43 i A LSD
K, W F K p<<0. 05, RdiFon R P BE bR ifE iR,

2 % ES

2.1 Kk 7Zn RERBNE AN SEER
TEKAR Zn J5t 0 e B A B SI206 £ B9 v 2 S 0 249 26 B A () B0 o R AR L 0 TR 4 4% R R 2 ) A R
SCYG AR AT R T B 25 S, AR 5 A Zn B 5 Ak B2 B A A R N IA) A AE G, S G f R R T R B AT R
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SEH . AW BRIE TR, A0 LT B, BT K e . R R K AR s L St e fa . Bl D R R R R ER
21 S 5% ARV UK BE 0 B SRR 55 . A YL EE e AR 0 B 5l R AL BNTE K AR RS EE . R IRUR S b R, B
WS s Zn 2% 5 U VAR R R, M ) AR O B, AR R SE TR 1 ~2 h IR AL, e ZIET.
AW B 90 h 5 A JF G B AARIE T 5 I dne s T BV FE 4 7E 16 h 5k iR BIAE T- 4L, 48 h3ET-
i —2F, 96 h &FIET; FET-falR K ZHE 55K, T WCIR . i) & BUAE T fa AR 61 22 K 2 s il k2D | 21 (8 4%
. SXTIRAIAE L . KR Zn ZREE A IR FRAG WG 22, Ui BE L K R B B B R A K 22 IR AT A

Wil 45 K AR Zn i vk B, SR AR AR TR 100 -
s, REH A RN, LA Zn (1) 2 55 I ik
BN AR &, ARET I E R A R, TR
SIE ARl y=23. 340 — 159, 54(N=15, R'= S )
0.985). EMHLM IS, KKK Zn REMHE B4 S
i) 96 h LCso A 8. 98 mg/L(J& 1).

(o]
y=23.34x-159.54
R?*=0.985

2.2 K4 Zn 184 BT X HT 5 65 4 R A B0 B0 20
8 JE LRSI I L S £ (1 2 M I B A olo——t . . s A
MUBE%CI:&%H%% Zn %ﬁﬁﬁ%(&ﬁ?ﬂ@ﬂ%ﬁﬁ?ﬁ% InfREMRE /(mg L")

(F D, XA 5 & Wl E Zn B AN YA
KEFE M e R E R R 2R HASI 2R
X (p<C0.05) s ARFTHEEVRE Zn 2258 41 5 X5 BOA R g A VR B Zn BRI 22 R A B AT Geit 22 3 s B Rl
S A1 f ARG R 2 B IR TR IR (p<<0. 05) (B 1), W R E Zn 52 5% 41 55 07 il 59 BT 38 50U 2 AR (p<<
0.05); ZFRAL N BB T4 A THaE ke s, x4 SR RRIE Zn BREANZF AA SR E
M (p<C0.05), M5 EEEKE Zn BREAMER RNBAGIFE L. bEG REREEREN TS, LR hk
L A A B0 A, X HE A S IR 0T A Zn R A R LR AR R Y AR TS IR VR B Zn BR R4
(p=<<0.05), XFHRZH S v & Zn BEE Al B LR 2= R ARG SR L GR D.
£l Ak n REMNEASAEERSHNTMN

Zn B FAWRIE/ (ug s LD

Bl &rsiRkZn ZEIChT R

ERBH 0 149. 60 299. 30

WG A BT & /g(n="70) 19.8240. 15 19.56+0. 21 19. 254-0. 21

LR BT /g(n=60) 40.75+1. 48" 36.65+0.197% 34.2041. 89"
FEEAKER/ (Y« d)(h=60) 1.2240.07" 0.98+0. 08" 0.91+0.08"
e B / % (n=160) 0. 844-0. 01 0.76=40. 03 0.7740. 08"
FFF6 %0/ % (n=30) 1. 6740.10° 1. 68+0. 08" 1.320. 08"
B850/ % (n=30) 0.524+0. 22 0.64+0.03° 0.5940. 02
#E AR /[0, : mg» (kg+ b ' J(n=8) 100. 3844. 18" 110. 14 5. 20 132. 7445. 99°

T iR P B = AR HER (Mean=S. E, )RR 5 W47 PR R FREROR 22 55 A et B L (p<<0. 05).
2.3 KEInBERENEAEKAS REEZENZIN

Bl KA Zn 07 Wk BE 00 T e . SEER AR 0 B 1 BT AR A B, R A BRE SR B T T T AR A B LA M e o
BE YRR Rk, i NE A A AR AL R A SO (R 2) 5 AR R AL A R B TR o B S IR T X R
2 (p<<0.05) 5 i it vk B Zn 7 i 41 0 (A il 2 2 B I I8 T X IR A (p<<0. 05) , IR i Wk B Zn 2 @ 4 f0 (A
AE & %5 50 B RN B s WK T Zn ZR R 4 22 S N HoA GE it 27 2 S0 e I & A B, K 4y B R A RO T
Yy o o i o B A L 2 e A BAA Geit o LGk 2).
2.4 @iEAAF InNERESH

Bl KK Zn B8 B W B ot e SR, BEL B . BRI S A L Zn R
ERETFE B (R 3 KKK Zn Tk EAN 26 Zn RRENZFHEASI22E L (p<<0.05); &R
WV Zn 2 EE A AGEAY Zn BB B S T AL RIS BT B R R Zn R ER AL (p<T0. 05), X B A1 IR o
IR Zn REEHZ R Z R ARG G SRR Zn AT AE 1 Zn 2GR B3 & T4 A
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(p=<0.05), MEFEEKE Zn ZEANFME R Zn REE S RA RS T RIKRE Zn REAESAHLAG5%
T 0 MRS Zn RBUE R4 4R 25 AR B Gt 2408 L (& 3).
2 AR Zn SEEEAL GRS AL SR Zo g BRUR RS EVIOUS A . 2000 L B8 L. L L L
. PRZEAY. SMEh Zn BREZF AHASIMFE LAY EE R T HAMAL (p<<0.05) ; WLAM Zn
SR B EA T HALA L (p<<0.05) (& 3.
2 Kk zn REWNEASEEASMEETENZNE
In BEITREE /(g L

i B
0 149. 60 299. 30
EAR/ % 12. 6340, 74° 10. 86 0. 44° 9. 954-0. 26
&M/ % 4.06+0. 27 4.16+0. 36 4.29+0. 25
K5/ % 2.0120.09 2.000. 36 1.8140.07
T/ % 18.61+0. 61 18.4740. 93 17.5070. 39
RemEE/ (kg 4. 464+0.13° 4.1740. 26 3.9040. 17

e B R HE BB S hR R (Mean=S. E, n=8) %R ; TP AR FRFR2ERHAG 53 L (p<<0.05).

£3 Kkikzn REMEHSAK Zn RIUS55%H0HM pg g
s Zn R RIEEE/ (g - L D)
0 149. 60 299. 30

il 25.93+1.59% 27.46+1.50% 37.0543.58*

T 14.69-+1. 43% 15. 7141. 40> 20. 26+ 2. 24

= 19. 16 £2. 26 27.06+2. 75" 34. 7444, 34*

17} 23.03+1. 78" 27.5040. 79" 48. 0544, 65
WLA 3.94+0.17¢ 4.12+0. 22¢ 4.35+0.59°¢

i 11.27+0. 85°¢ 11.92+0.57¢ 14. 60+2. 59"
£ 10. 22+0. 52 15.914+1. 15" 19. 7740. 85"

TE - BE R F P Y E £ AR IR (Mean+S. E, n=8) /R ; abcde: [F5] R [f] 5 8E R [/l — AL 3R AR A 810 12 5 BA
Gt R xyz: AT R ] R R R [ — L UR [a) A BBk 3 B2 IA] 22 S B A G2 4 T L (p<C0. 05).

3 i it
3.1 K Zn FRENEAEERKKRENF M

Zn BARJEEN YRR LT G B OCER o (H Y P05 ot vk B B 38 — o AR R g 25 X6 B ) A 1 A K AR AR N R
R RZ >t K AR HE RS T 287K AR Zn 1 MR B R M 3 50 pg/ L, ARAIF S 18 M B B A5G
BT IKAR Zn Tl B 28 9 149. 60 pg/L F1 299. 30 pe/L, & T FikARiE 2~5 f%. Y BA S KKE
PR

1 S 1 A KORAS AT DAVE N 5 4 T o5 1 W i JE AR AR, Shukla 8857 & UK 4 6 R B 4 12 mg/ L
W, BEGE Channa punctatus WK B B2 234 ; Abdel-Tawwab 2501 % 38 % JE 14 Oreochromis niloticus
Z KM Zn(3.5 mg/L 3K 7.0 mg/L) 2 #& 6 JHJ5 , 0 0 Re e IR TG & AR KR 3 T IR X AR I Y S R
B, WK Zn B BT R B AL 40 pg/L S HARXERAFER Penaeus japonicas BHEAC . A7 B 23 52 B4 .
A K BRI Zn 25 5 410 ) S 6 £ ) A G, L R O A VA R R 2 A R AR BT R S AR B A K R
X T X5 B (p<<0. 05) , FRWIZKAK Zn 75 0 57 8 W BE 25 0 T % R 7 6l i 2 M8 s W . A 0 9 3R W3 e il
2 P HA R I FANMYBE ORI T A AL, AR R T S, SRR R O Ak, ST
A KR RE AT AR A SE G A A R R QI R B Zn B R T W R T T 5 AR K R A AR b A
RS, R YLFTICE Zn ol i, 0280005525 08 2 0 A8 &R AT Zo Waa , DRI 020 T AL Y Rk
AR R, FBOE KR T R
3.2 KEZn REVNEFHEFEASREEFENF N

V5 WA AU IR 5 & B 3k 655 Megalobrama amblyce phala 6K (TR 20 BUBE Zn 5% 58 J 9k B 1) 185
INAT ST i J5 BEAR A 3, R W] Zn ] LARAR fa (A P BRI =0, A Zn 2l R 1 B g SRR
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TRE. AW Zn B g 20 92 AR BB R B0 IR T X B (p<<0. 05) , HICHRL31 AR B LR —
. AR EHRIRAKREER TR 60 d J5 RBESY . JIF 0T i i 107 0 ek 43 45t 25 0 =) o B T K A B 5 R B 5
SN R A BRI LR s BBt Pelteobagrus fulvidraco /KWK Zn 5% 8 JAJ5 . T Mg s 5 it 20 B 0
i 25 11 B 0 T CLPL) % % e B /K R Zn S5 65k 0 88 %0 8 0 8 i A F 5 b % 8 A £ A R U R kA3 B0
T e (R A T g O VR B Zn B R 41 £ 1 B B T A 3 IR (p<0. 05). Moolman %5V RFSY K B Zn %
BT TS Y A, oKL S Y . B BUSE AR S AR A W B b, T BR D A 2> BOF R 2 B 5. R
SEF N R I BETEKAR Zn B8 T UL B VR RE ) B o i B4R b RE B, T DA IRRE R B BE AR 1
Jo Jo 3 RO T BT T B G A B O A2 W

3.3 KFEZIn ZRBXN In EHAHEFRRRALSHHEIG

A W5 Fe W A0 IR 41 228 B (0 A BRBURE UK IR B b 4 B R R AR OGO R IEARHES
SYG AT B E L A E A S A Zo R R G R TG IR R Y TS g, R B BT
JEE 3 RN (3R 3).

AW B s AR 2P Zn R R B/IMR YO I 88, B BF. axf I, LA MR e 4
HANW B BEh Zn EMEE =SFZREZRFABAGGEIT B L, BB ES T HMAL (p<<0.05). HF
FLA i 8« A AN Y ST RED . Javed W BFSE R BUK AR Zn B8 R EFPLL Catla catla . B W BF6E La-
beo rohita . ZE NP Cirrhina mrigala 60 d J§ 3 fhafR S RFd Zn BFE B E8N,; BEEECT RIS
KK Zn 2VER I Carassius auratus BEH 4R E A MTs) BETHi& . IR HARE PR Zn® Wi
St 22k MTs 14 5 2638 LUN X 43 J& X 0K i 38 78 T 28 5 A8 YK AR h Zn 38 3] — 7 T i vk
BE, ffks@ it MTs 55 Zn 85 G0 fif 2 . 545G W0k T B BE AN B8 A b R, (4 R BT HE AR
3 Zn BEUR TR, SRR G RE IR A PR AL, PR BRSNS PO, e R P S R
KR AT B WSO AR P e AR B T PR MR PR R AR N Javed A A AU 4 IR R YT
MEEAE . ROAXMERMED, SEAKE &8 RPER . BE5 NN, R@EAMAKE D Zn ZH
I FEOREXS Zn B HEMEGE RN GEHCIE Zn (IR A, 3G T M S Y B fr BT . R A 1A T AL T
W) FBEERE  THR K2R LTARIEKSY R AR A58 J2 K AR Zn 2 88 Ab 1. (HH) & 30 & VR 7%
A Zn BRETE 3 N ALFA TR 48U iR . Murugan 55U R UK IR Zn B8RS RS h Zn BAH
ISR . AU R B R IR ZE PR A X Zn HEES B A RWES IR Y . 4 Zn W R
R B R S KT, SRR BEA D Zn R B & T AR, Wik, Z2EF NIRRT Zn
242 38 2o SRS 2 MORAPE R AE G T BRI B, T A IR Zn WA A R I SR FIBILRL . PR HOE A
LR

E A W58 & B AR LA b 4 8 BB B AR Xu A KL R e Misgurnus anguilli-
caudatus M EE Monopterus albus J i WAL I 8 Tl 4 J@ R , & A& Fhv il & @ e LA b R
K. Yilmazt'" & SRR 88 il Anguilla anguilla F1% AR LA Y 5 B0 4 @ SR AR W 20 IE 5 68
TR B AENIAESE B ETE AL, AW R BKIR Zn 2G84 AR NUA T Zn 2R R 5%
MR 2 5 A BA G # 8 SO AENIA PR Zn 2EE KT HAMHL (p<<0.05), 1 H 3 4t
PR AARNNHA Zn R ZE 2SR ARG G2 0 Wik, AR U ESJE R0 R E R
ar B, H O R 2 PG B e i R A AN, X AR R FRATTE R A TAE A A, RAUR 5
AT i UL PR SR R Ok S W K A 52 3 e R B S AP AR R 25 0 N AR Ry R I 1) 6 A

5% 3Lk :
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Ecophysiological Effects of the Waterborne Zinc (Zn) on the
Southern Catfish (Silurus meridionalis)

LI Wan-jun, LIU Li, YAN Yu-lian, XIE Xiaojun

Institute of Hydrobiology and Water Environment/Key Laboratory of Freshwater Fish Reproduction and Development .

Ministry of Education, Southwest University, Chongqging 400715, China

Abstract: The juvenile southern catfish (Silurus meridionalis Chen) (18.9240.09 g) from artificial ferti-
lization were exposed to the solutions of zinc sulfate heptahydrate (ZnSO,. 7H, ) at constant water tem-
perature (27.5%+0.5)°C and hardness (CaCO;, 25— 30 mg/L) , in order to observe the toxic effects of
waterbone Zn on this fish. The results by the acute treatment show the median lethal concentration in 96
hours (96 h LC;,) of waterbone Zn’" was 8. 98 mg/L. In the chronic treatment, the test fishes were ex-
posed to Zn®" at a series of concentrations which were 0 (control group) ., 149. 60 (low exposure group, 1/
60 of 96 h LC;,) 5 and 299. 30 Chigh exposure group, 1/30 of 96 h LC;,) pug/L, respectively. After 8 weeks
of chronic exposure, the final weight, specific weight growth rate, condition factor and hepatosomatic in-
dex of the test fishes decreased with the increasing Zn concentration, and those in the high exposure group
were significantly lower than those in the control group (p<C0. 05). Meanwhile, the kidney index and rest-
ing metabolic rates increased with the increasing Zn concentration. The kidney index in the high exposure
group was significantly higher than that in the control group (»p<Z0.05), and the resting metabolic rate in
the high exposure group was significantly higher than that in the other two groups (p<C0. 05). The con-
tents of crude protein, ash, dry mass and energy density of test fishes decreased with the increasing Zn
concentration, but the tendency of the fat content was inverse. The contents of protein in Zn exposure
groups were significantly lower than that in the control group (p<C0. 05), and the energy density in the
high exposure group was significantly lower than that in the control group (p<C0. 05). The contents of
fat, ash and dry mass of the catfish among three groups had no significant differences. The contents of Zn
in organs (liver, gill, kidney, intestine, brain and muscle) and the whole body increased with the increas-
ing Zn concentration. The contents of Zn in liver, gill, intestine, and whole body in the high exposure
group were significantly higher than those in the control group (p<C0.05). The differences of the contents
in either muscle or brain were not significant among the three groups. The bioaccumulation of Zn in the or-

gans of the test fishes exposed to Zn*"

could be ordered from higher to lower as following: intestines >
gill>>kidney>liver>>whole fish™brain™>muscle, and the contents of Zn in intestines, gill and kidney were
significantly higher than those in other organs(p<(0. 05), but the content of Zn in muscle was the lowest
among all organs. It is suggested that the pattern of energy allocation of the southern catfish was changed
on the Zn exposure. Protein was preferentially used to provide extra energy for the detoxification on the Zn
exposure, and the rates of the protein and energy deposited in the body were reduced. Therefore, the
growth of the fish was depressed. The catfish uptakes the Zn mainly through the gill, then Zn was distrib-
uted to other tissues via the circulation of the blood. Muscle of southern catfish was not the active tissue
for Zn bioaccumulation.

Key words: waterborne zinc; growth; biochemical composition; zinc bioaccumulation of tissues; Silurus

meridionalis
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