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. PEN K= R 4RI R BRI ( Carassius auratus gibelio) FEH T4k A 5 H AR IR
B2 A PR T T B AR 2R AR AR 5T S R SbR o BT S T, 7R B T R Ak M kN ER
(Chlorella sp. ) A= AAM I FT X 7K 7™ 2 A TR B BOR LA B % KB % ( Daphnia magna straus) 5t Dl
( Brachydanio rerio) FI 5 5 AR AN 04 SoPEREVE B FERE L /307 G 5 B AR 0 B LR B /K 4k 32 A B A
FHEM , SCOnES SRR RAEERALAE 2 U 5 6..00 ~ 14. 00 me/L B % /NER 3 A & B (R HEVE T, %
ZNBRBE A BOMH e R T 14, 00 me/L, X 7K 7™ g Az B 19 e /M VR R 128 ~ 512 mg/L, X R |
BE 2 1 (2 B HR BE 4390 13. 44 mg/ L 17. 63 mg/L, Ak, SR AE LG S 5 AR B A0~ B e ok
74.77 mg/L, i HAEFRFE K AR A A SR AEFR B E 2 24 0. 20 ~ 1. 40 me/L J5 14 d N, W RYEER ik
FERBE AN, £k B 20 S AR TR SRR AR I A AU B B AR AR & Y G018 T W, ASRIT SR TIE 5 58 4 I AT
B, (25 R R AT B X 5B ARSI R A K A v R 3% S TR h WA AT AR s ), AR R R AR A 5 g o
24 N VR BE AN T 1. 34 me/ L, FEIZ & 4 0 VR IE WA S5 IR FFUK P& A USR58 F W
FEEABm,
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Carassius auratus gibelio
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Abstract: In order to provide important scientific basis on the safe use of PVP-1 in Carassius auratus gibelio
farming,, we evaluate the safety of fishery povidonum-iodum(PVP-T)on C. auratus gibelio farming according to the
national standards and related regulations. Based on observation on growth inhibition of the PVP-I on Chlorella
sp. , aquatic probiotic bacteria, we analyzed the acute toxicity of PVP-I to Daphnia magna straus, Brachydanio
rerio, and C. auratus gibelio, as well as the influence on main harmful physicochemical factors of the farming
water. The results showed that the growth of Chlorella sp. was promoted with PVP-I at the final concentrations of

6.00 —14. 00 mg/L, its minimum inhibitory concentration to aquatic probiotics were varied from 128 mg/L to 512
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mg/L, its 50% inhibitory concentration to Chlorella sp. was estimated to be above 14.00 mg/L, and its 50%

lethal dose to D. magna straus, B. rerio were 13.44 mg/L, 17.63 mg/L, respectively. In addition, the 50%
lethal dose of PVP-I to C. auratus gibelio was 74.77 mg/L, and in the period of 14 days after the adding of the

PVP-I into the farming water at 0. 20 — 1. 40 mg/L, the contents of the ammonia and nitrite in C. auratus gibelio

farming water were gradually reduced with the increased concentration of the PVP-I. The present study confirmed

that the PVP-I had low toxicity, its safe concentration for C. auratus gibelio farming should be no more than 1. 34

mg/ L in view of its potential threat to zooplankton such as D. magna straus. PVP-I would not lead to the increase

of the ammonia and nitrite in the C. auratus gibelio faming water under its safe concentration.
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Safety evaluation

RYEA L ( povidonum-iodum , PVP-I) , ¥ £
R LA e B AL, Ay | T O BE AR TR
TERTIG K= SIS T B e S5 20 TR P
ARG AROR (HKRIRAE 2004, F8HEH4E 2007) ,
JEIKTEFRFE T T A T I R AR R, R
M, SR AL BB Ry RSN 25 9 1 TR A
Yy BEAT I B I6 1 (R | 0 5 5 R B R K AR 3
ARG AT 2 MR T ) 5% W ( Lanzky et al.
1997 , Halling-Sgrensen et al. 1998 , Wollenberger
et al. 2000) , H1 L™= A B PSR A= S R H 2532
BIAMTROCHE , T4k, ENAME T T 54k
Jii ALXT £ 28 ( Satyanarayan et al. 2004, # #EE %
2005) (HF2E (FRPREF 1998) D1 (H 545
2003 ) KB (X PRIRAE 2012) 557K S i 2
PEEE 5 240 M BE M ML ST, (0N A SOk B
BRFE R YEEI U 5 B R ( Carassius auratus
gibelio) %7K 7 B ) % 5 PR 455 1Y) 22 A PR VEAN 200
e A R TE , B AR K™ IR G Y R A TR H
KRAYE BRI, PRk, oo 5 24 i o)
IK 77 FEFH IR (1) 2 A PR T 8 L AE K 77 757
FAT G RN PR 2 G H B, S, ARSI
Z MR AR UE BARIE AL G R 45 19924, b,
JALL A5 2008 ), JF J& 1 5 4 JR Al X /) a5k
(Chlorella sp. ) A=A A B2 56, %F 7K 7™ HH 2
W OB S2 W, XF K B 8 ( Daphnia  magna
straus) I 1 ( Brachydanio rerio ) F15+ 7 5 il
2R SE I, DA BN S5 7 AR B A K Ak 32
B E AL R TR R S B R R R
FHET B SR AE BRI S 7 AR A A B 5 1) 2 4
PESRHERL 2= AR 1 [] Bsf A1 3 A v 1 25 ) 7

KRB N 2 A A B R
1 MRSIE

L1 Zmedst RYEMRL, A8 =99% ,
AR 9% ~12% 0T AT AY T
FEA B W, FHZE 8 K L A% 1 000 mg/L 1 Bk
W5 /NBREE RB 3, Yl BV R K AR A
WIRIT ST % B 5 M BE B 2F AT I G1 ( Bacillus
amyloliquefaciens strain G1) | BELE ZE 1A 92
( B. coagulans strain 92) . 5 /N 2F 6 FF 1H 95
( B. pumilus strain 95) F1 2L R 2F 76 #T 7 H3
( Lactobacillus sp. strain H3) , ¥/ E KK 4= 5l
Y Jit 26 4 1t 5 B 15 £, S-S 4R B R (0.40 +
0.05)g(n=70) AEHETCAN, p1 Al B K 7 Fl
JoT B U R P ST e 0 A e Y
SEIIRE (30.00 £4.50) g(n =60) , filt BE I
I, HH BT K= FR 50 TR A it s 2 9%
E1E 5 & & 4 4 ( Organization for Economic
Cooperation and Development, OECD ) 3 28 55 #¢
B ONTRREK SRR BoK, A S g % 2
| bR e (XU 25 1992a, b, JH 2145 2008 ) H
il 5 B AR EFRGE K >R A ZK AR S I e
o, 4 A g s, T 121°C KA 20
min 555 H .

1.2 BRERREXT/INEKGE £ K HIHH LI
12,1 /DNEREESEAE 5 K el /N Bk
Pl 357 65 /9 JC B OECD 3 28 15 33 3 vh ) 7
23°C SR SE W TG S AR A T 1
F2 ~4 d, fEAEHE LK E] 1071/ ml

1.2.2  RYEEBT/NREREAKBER K
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(GB/T21805-2008 Ak % it HEFEA: M 5256 )
(JAl£14% 2008 ) #47, RUARSE PS50 245 R o
BRAFIBOCR 4E B AL %A 100 ml JCTE OECD
PR EE IR B AU 0 mg/L .6 mg/L .8 mg/
L.10 mg/L .12 mg/L 14 mg/L, [A] M A %) ik
AL BE R 10°A/ml (/N ERBEBER 10 ml, 4R
JE o BIAE 23°C GRS A E N TS
SR IEZEER 3 d R BRI E 663 nm
Ak BB (optical density at 663 nm, Ag;)
F1645 nm 4k LR IAE (optical density at 645
nm, Ags ), JFMRIE AL (HRER o T =
12. TAgg; —2. 69445 ) (M55 1985) TR Mk
H/NERBEM R o BYE R (mg/L) , BHRIE A
3AFAT, LA ] AR bR, AR o B
YN bR e N EREE R AR R 2 T SR 4
P BB XS /35K g ) 2 A i 9 B2 (50% - inhibitory
concentration,1Cy, ) .

1.3 REMMIK~EAZERNZMN
1.3.1 WERMH s Jowi s T KR b
DRI i VERD 2 FAT I G1 BESE 2R AT 1 92,
JL/NZEFLRT T 95 LR 28 FLAF 18 H3 BBk 7>
AR E SR BRI IR APl b, T 28°CHE
Bi g% 24 b 5K 4% TR A T JCTE AR BRER K
I 1l R B, I FH T TR A R KOS 2% TR R A
B BN 3.0 x 10° cfu/ml, T 4°C VKA
RAF

1.3.2  SRAEF LR 65 AR TR 04 foe /)N 100 T e
Mg Seg R s AR (B E
1991) , R 30 248 i i ) A &4 2 ml JE T
BIRRHNIRE b, ELIRE M 0 mg/L,
0. 125 mg/L.0.25 mg/L.0.5 mg/L.1 mg/L.2
mg/L .4 mg/L,8 mg/L.16 mg/L. 32 mg/L, 64
mg/L 128 mg/L 256 mg/L 512 mg/L 1 024
mg/L,IF3 1 APIHEXS B, B 25 B S 3%
P ZH, SR 5 53 S o 4% T R T R R SR vk 3
5.0 x10° cfu/ml, T 28°CIHIR K757 24 h Jo W%
SER HETCTE AR R R R R R ) R A T v
JEEAE A 24 592 58 T R 1) i /N0 T V€ B2 (- minimum
inhibitory concentration, MIC)

1.4 REMBMABZNIAESIEIE =

M GB/T13266-91 7K 5T ) B % s 25 (K AU+ )
SVPETEMEINE TR ) (R 55 1992b) #0417,
BVAR 45 30 ST 6 485 5 | 3 1) 2R 4 P Bk A
50 ml A TH BEK h AU 0 mg/L, 11. 00
mg/L . 11.70 mg/L 12.45 mg/L 13.25 mg/L.
14. 10 mg/L . 15. 00 mg/L, [F] i} i & KA % 10
A VRIGELEIFRER 1 h.2 h 4 h 8 h 16
h 24 h 48 h Xf REEeahfe J1 Kl KXW
HIERBIE 1 SR bR E AT WSS, 10 SR 45 Wk B 4 51
5 s AL T8 H KA IE R AT R AR
2 5 X R AR 2 A 2 BOERBE R i (50%  lethal
dose, LDy, ) , FF R4 L 50 A XL 2R IE = LDy,
x0. 1 L RWE, B MWEHKE 3 AP
17,5 12 h R — Ik, S 30 [ et 4 o
TE 25°C % i 4 (dissolved oxygen, DO) KT 2
mg/L,
1.5 RAEMBNKRISEMEERANIES
151 REZEERN BT BE D fa Y Sk 2 v a2
Z I8 GB/T13267-91 JKJi Wy IF %R K fh ( BELD
) SRR E T k) (B RUE 45 1992a) 3
170 RIARRE TS0 55 25 5, 43 501 H45 2R 24 T A v
TN 50 L bR fER B K 1Y 3% B K G i v &2
LW E 0 mg/L, 14.00 mg/L, 15.33 mg/L,
16.77 mg/L.18.36 mg/L.20.10 mg/L.22.00
mg/ L, [RIHBCAfRFEBE & 10 ]2, SR 5 4300 F
SEIFEA 1 h.2 h 4 h .8 h 16 h 24 h 48
h 72 h 96 h X 4K S fe T JiF sl g ) W
RE ST AR FRARIEAT SR, JO S 45 VR B 4L BT S 10 )
FET-HH BATATASIE 5 19470, 1155 5% 4 i
X BELh BB R 2 (LD, ) , AR 4 2 56
NRBEAURTE = LD, x 0. 1 T ZE U
WREAK 3 AT, 5 12 h B2yl — ik, 52
I3 1] PR B P R 23°C DO KT 4 mg/L,
1.5.2  SRAEHR G S AR Y Sk B I
Z M GB/T13267-91 /KJ5T Py FT X iRk /K 1 (B
) 2RI E ) CRUE 45 1992a)
HEAT o BIVRR B8 790 55 56 45 5L | 40 1) 208 4 il A
WHNAREA 50 L A A B /K 1 3% 35 7K T rh
B 0 mg/L,70.00 mg/L.72.00 mg/L,
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74.00 mg/L.76.00 mg/L.78.00 mg/L, [l itk
AMEERRE S H RN 10 B, R0 /0 T s
91 h2h4h8h16 h24 h 48 h .72 h .96 h
xR RNV e iEShRE ) WFIRE ) SR AR e
TPUREE , T S5 Wk B 4 52 AR B 28 T8 B I
ARATAN I3 AT Ay, T3 SR A 0o e 5 L A
AR BEBERIE (LD, ) , IR EE 5 2 4
W = LDy, x0. 1 THRL 2, BlkEAK
3APAT, B 12 h R 2GR — K, S5 I R] I
EILE 23°C DO KT 4 mg/L,

1.6 BREMBWFEKEEEENLEFHE
M SRR 2 RS S B ARG ) (A &
W JR) 2003) 47, BIARYE 1.3.1.4 1.5 #f
T 1) R LA TR L P 22 4 Wk B9 L, T DA R 2R
Y BRI A A 400 ml 7 AR SR 5 UK
) =B ZEAHE 0 mg/L.0.2 mg/L.0.5
mg/L.0.8 mg/L. 1.1 mg/L. 1.4 mg/L,?ﬁEﬁ“
HF 28C 150 r/min FEIRYR G R 14 d, 52 d
BORE I 22 4% vk B 4l B9 & & (ammonia
nitrogen, NH;-N ) | M. fiff i & ( nitrite nitrogen,
NO,-N) & it (mg/L) o Horb, & A8 & & il
E R A ] 23 D606 B i (R PR A 5 1 I v
¥l 2010) , MR ER R 7 0 E R AT N-(1-%%
5L - L O REYE (ABIEAE 2008)

2 4 R

2.1 BREMMIT/NBKRERKBIm R4
BUAEZHR R 6 ~ 14 mg/L I BE A2 7 /)N 3ok 93
M2 R o B A (1), B B X /) ek g
AR EA SR HEVE R, X /NGRS 1~ Fidm o e s
KT 14 mg/L, BARRILE  YLWRE51H 6
mg/L 8 mg/L 10 mg/L 12 mg/L 14 mg/L )5
AR /NBR RS SR 72 h B XA 45U 4
H /NIRRT SR 2R o B S0 ) R /N ER G B
REFEMEAY 1,97 £ (P <0.05) .2.22 5 (P <
0.05) 3.24 f5(P <0.05) 3.84 £5(P <0.05)
4. 61 f5(P<0.05),

2.2 RUEMMIKFERFZERTNSTNIE
RE RO VE R ZEAUAT R G  BELS 2
FIAFEE 92 /N ZF AT 95 A1 FLIR ZF fL AT

12

= = = =
= o = =]
T T T

=
(3%
T

4 Fad it Content of chlorophyllimg/L)

ININININE NS

0 6 8 10 12 14
#e¥ Concentration(mg/L)

E1 RAEMBMIIMHEE «RENIN
Fig.1 Influence of PVP-I on the
content of chlorophyll

H3 AOIM R 6 PR 22, G JE R 2R F 4T 58 G,
BELS SR AT IR 92 /N ZFEFEAT A 95 FELIR 2
FIFF TR H3 B S5/ NI B R B 43 ) R 512 mg/L
256 mg/L 512 mg/L 128 mg/L(# 1),

=
=

*1 BEMBIHERRHOMELR
Table 1 Inhibitory effects of PVP-1

on probiotic strains

Y5 (mg/L)

Drug concentration

Wtk Gl Htk92 KR9S5S Mtk H3
Strain G1 Strain 92 Strain 95 Strain H3

0 +++ +++ +++ +++
0.125 +++ ++ +++ +++
0.25 +++ ++ +++ ++
0.5 +++ ++ ++ ++
1 ++ ++ ++ ++
2 ++ ++ ++ ++
4 ++ ++ ++ ++
8 ++ ++ ++ ++
16 ++ ++ ++ +
32 ++ ++ ++ +
64 ++ + ++ +
128 + + ++ _
256 + - + _
512 - - - _

1 024 - - - _
HIHERS A

Negative control

Cba FRORE B MG 4+ T R PR M ¢+ " RR
fREER M« - " FoRERAEK,
“ ++4+ 7 high turbidity; “ ++ " moderate turbidity; “ + " low

turbidity; “ - "no cell growth.
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2.3 BREMBMMABINIESE KAX
TEE 11,00 ~15. 00 mg/L R 4EmLAY N T 5 B
Kep BB T e sh g Shse gk e R il A
FIAI B 7 sh A8 18 A S FET- S8 AN IE % B4, 1 L
i 5 R A T v B A B 0, BE T R i v T
X R 2H R R 3 ) o M BT AT S IE R B4 (R
2A) . RYAEMNMULRFE 5 R A EIE TR I OC R
FifEH.Y=0.760 1X -5.213 1,R* =0.912 9,
Horpy FoR R B ET MR, X e T 2k i fil
WS (mg/L) ,RPFRAHCRE, i 5EA
PR AR LT AR % 1K) 48h-LDy, 4 13. 44 mg/L,
GAWEN 1.34 mg/L,

2.4 RAMBMHMIEMERERHANIMES
M BELAATER 14. 00 ~22. 00 mg/L 5 4k i it
FRIAT VAR R 7K R 28 BT R S R AR B3 8
FE 1 A0 8 798055 LA RSB T-E AN IE A,
T L it 5 2R A4 A A e B P 5, BE TR A
151, 0T R 2 B0 5 DU) A HH 3 o) AN T 3 B4
(E2B) . FYEEA Mk B 5 5 FE TR Y
KRN Y =0.353 7X - 1.235, R* =
0.974 4, Hrp Y R/RBED LT HEH, X £
RYEFRMR S (mg/L) , RPERMFERE, it
TS 5 4 R LX) B 55 A Y 96h-LDs, M
17. 63 mg/L, Z4WEH 1. 76 mg/L, AL, 55
HHLEITE A 70. 00 ~78. 00 mg/ L B4 BRI AL () A
HERR B bt BT A s iSRG i B
FIE W B ek 555 A B FE TS5 AN IE % B4, i L
Wi 2 R A T e A I, BB T SR i T,
HE 2 S 7 0 00 o i BT A S QE B % (A
2C) . RYEMEMUAK RS 7 F R AT T AR O
2N Y =0.251 2X - 13.782, R* =
0.982 9, Hrf y /R R HEBEIIET-MF, X F
AN IRYER IR B (mg/ L) , RPFRMC R B,
WA H SR AR T S B AR Y 96h-LD,
74.77 mg/L, Z2WE R 7. 48 mg/L,

2.5 BUEMBNFEHEKEEETELEFH
=l

2.5.1 REEIMT A S R A R
AR AR BE ARG I, FRAE K th U S R
RCE 3A) o 4R FE K o A 284k B8 53 51 ok

7

6

FET-HEE Mortality

S HEEE Mortality

FE1

“HE#E Mortality

B

¥=0.760 1X-5.213 1
R=09129

- L)
¥=0.353 7x-1.235
L R=0974 4
1 1 1 1 1 J
0 4 8 12 16 20 24
C
[ )
L ¥=0.251 2x-13.782
R=09744
1 | ]
65 70 75 80

#RE Concentration (mg/L)

B2 REMBKESAEER(A).
H5&(B) FHRE(C)
TR R L

Fig.2 The relationships between mortality

of Daphnia sp. (A) , Brachydanio rerio (B) ,

Carassius auratus gibelio (C) and PVP-I concentration
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0.2 mg/L.0.5 mg/L.0.8 mg/L.1.1 mg/L 1.4
mg/L R AETABLUS 14 d, X} 459 B 24 b i &
P 2 BV AN I SR 24 ) AL 1 ot R AL BRI T
3.80% (P > 0.05).10.37% (P < 0.05) .,
11.40% (P < 0.05) . 12.78% (P < 0.05) #l
18.31% (P <0.05) ,

2.5.2 SRR A R Eh A i A
Wi i 2R 24 T A o B 4, SRR K e I A R R
FrEBWIRAC(E 3B) . MFRFE K H I ALk
FE5R4 0.2 mg/L.0.5 mg/L.0.8 mg/L 1.1
mg/L. 1.4 mg/L BIRYEMBUS 14 d, X045 ik
JEE 2 8 I PR R 5 5 4 AN T SR 4 e s
S BB FEAR T 2.78% (P >0.05) 7.58% (P >
0.05).10.73% (P < 0.05).13.25% (P <
0.05) F118.70% (P <0.05) .

_osor A
=
S 045
k=
El
E 0.40 |
=]
(¥
= 035F
g
z
Z 030F —— 1.4 mg/ll. —s—1.1mgL
=] —4— 08 mg/. —a—05mg/L
{lé 025 ——02mg/L —S5—0mglL
®
0.20

0.50

—4—14mgl —=—11mgL
—4—08mgl. —.—05mglL

—&—02mgl. —o—0mglL

TP HHE £ 7 it Nitrite concentration (mg/L)
(=]
s
s

0 2 4 6 8 10 12 14
P TE] Time (d)

B3 REMMMERE(A).

TREERER (B) R 2K

Fig.3 Influence of PVP-I on the content

of ammonia (A) and nitrite (B)

3 i w®

INEREEXSVE 2 B W RRAR U, B AR K
Wi, 5 T B R AnT LT R SR 40 i 7K S
R ERRE R SRR A TR BRI Y
ZiR P25 (Kobraei et al. 1996), HHI, E K&
TR EE R /N A K S R 2 £
AWFIE, A4 R iRGE R —, B, £
(2009 ) SLHZE R F B, A A KAl /INER e A
[ 72h-1C4, 4 9. 79 mg/L, 5% PRI /NBR 8 A=
KA 72h-1C, 4 0. 91 mg/L; FeF-45 (2006 ) A
TR, = A FIRIR I /N Bk i A K1 96h-
ICs, K 0.31 mg/L, BRI, N IAT SCHk 7% 8k
B, 1R DA i A L 1) 2R 4 ) /N 3o s 41 ) 255 SR
ST RYHRE . ATEEE IR R 6 ~ 14 mg/L R
Y AT /N R A KA TR T, X/ INER i 1Y)
72h-1Csy KF 14 mg/L, Bl BALF A A K A
¥y = EUR R X /N ERBE R M, X T B A
S /NEREEXS WA A SRR AR L Y i
AT REAE A i 3R G B0 il s TR
5, DTS B2 22 B A BN (ABYT 2007 )

FEIK 77 FR 58 2R AT T 55 2 26 TR R R
TR P& A R A EY RS,
VA FR T M A W A S R B K PR S
RETIRE , W 3, BEAR & 8 S AE T % if
KA AR EE S, BN, SGE R R,
A K T, 2E K 4K ] B (R B ] 2010) , 4]
W, iR 93 2F AT B B A8 I ] B0 1 g K SR
JL AT G A CEPREISAT 2011 ) | B840 2F AT 1 %
TR S 0 KA — R AR RV, IR BEIA
FRIA Y G PE D1 R bG 5 (2 FARSF 2010) . AR
JUT TV | 2R 24 i L 0 Ak 200 B D O R 1 T
SR I BE -5 AR 1 Y 2 SRS A A A
T REAEAT A5 A SE K AR T A= 1, DRI, b 2
FF TR 5 2 TR XS 7K AR T 25 A= B B ROR i
5%, SR, NIAT SCHR SRR, B i DA B
AR B 75 A A P RCR AR GE , ARSI 2, R
FE SR AR BOGT 2F AT DA A R 0 A 2 X
5 ERUE I A5 (2006 ) 5 T 58 2 1 A0 XoT 441 7T 2 98
AR AR 55 0 W8 A ]



2 4 PR AR A5 7K™ P SR A B 0T S5 7 B SR IR Y 4 VRV ARY -267-

KRR XSV 22 245 W) FIA 23400 o0 SRt L £
IRy, HEA 538615 5 WE AL, Eak )
2 N T IEH 250 R B34 TR 7K PR 1) 5 i)
(XUAEVESE 1994)  flan, X % (2007 ) AF 5%
7w AR A R KR A SobE A S 4
i RS A SURRR | — S wUR RO
KAV Y 48h-LDy, 354 0. 54 mg/L.0. 57 mg/
L F10.28 mg/L; B #5345 (1997 ) W4 T IR &
B TR R 2 R IS R I, TR TR
KA F ) 24h-LDg, 4 0. 385 mg/L, AT, A
i AL SR 24 ) BT A R 28 1) vk B A A A 4R
T, S0 2 A R B SR A R AL R R 3
48h-LD g, FH 24 i A i 38 0 R A iR ( B R
85 1997) RN | AR EURIR = 5w
PRIR ( XHLAE 2007 ) Xt KT & LDy, Y 23 ~ 48
i, B S 2 bk, X B T i N S R
BRI S PR R R SR 4 SR — 2 0E T R
(2 4 | G5 SR A RO KA % 30 o i 5
R A 22 AR R SR A T LA S A R A
FRFA A M BE AN 55 T 1. 34 mg/L, LAY
DI SR AR TR IR S P g, AR
W b b £ 28 2Pk REPE S GO 5 k) (GB/T
21281-2007 ) ( E AP 7 2007 ) , R 4k
i By 2k B P T 5 AR 9 b 2 AR 24 3 85 4
VMRS N ) (E R SRR 1990) H
A 25 5% £ 2 TV S R A bR o, 5 R TR R I
FRZY), XA UE T AR SRR AT BT S
AR SR AR R AT S B B ( 2 AR AE 2005) | ek
( Misgurnus anguillicaudatus ) ( K& A5 5% 2010)
G BRI,

AR AHIR L A & KA ERALE T2
MK =S W AE TR E BN R (LS
2000) . a0, AROESESE (2011) HFFE T AR 1
M WA BR A X EF 5§ M ( Crenogobius
gymnauchen) a2 tEstEEf RS EE &
FUIZ A R R R 5% A1 £0 (Y 96h-LDg, 4311 24
9.1 mg/L M112.405 g/L, KL, A BHERFFK
7 BE A A RE A 1 X S A BRI T
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