o2 BRI, RE R
IR [ I TR RS 0,

FRILT ¢ |7
H@A RTICLE

SRR &2 B B F IR

HEEAM, HERD?
WL SR 316022; 2. WiV WK = FREE 58 T

WA S K SR A W G IROT e 5 DR B S RN TP AR Rt AL RN EE S, WTUE T 325005)

WE: ATHRZNESERRBRFTESKAEDY LT HH A, KERETEAEM =B L 35R
HKOERARGREBARE, AR T ARBEA KRR # B R IR T RESE T 2R M (Tegillarca
granosa)EfE K F W% m . FHKIE A 29 'C. 32 CH= 35 °C, HBAIZREIRAH 0.025. 0.050. 0.100.
0.200. 0.400 F= 0.800 mg/L, [5) B A&V jE i K A *F BE 4R, B 30 min AEAG 4m M40 % 1 h 9P 2L % . 24 h D
A4 R E Aol Rl RE AANFAATNEST. L RER, £ —RAFHIT, 32 TR 30 min
B 2m 021K H A AREAE A ; 35 CHap4] T R 30 min B A9 @R L F, Rt 1 h P A FE I EHRIL. £ D

Ay R, BERSGHBRIAFEAT,3INBETHARBRIM T RENIE o, R IPE
BB THAY, #HH AR I 5L 7wk 09 AR MR 2R IR E (LOEC)4 %1 %4 0.400. 0.200 #=
0.800 mg/L.29 CH 32 CTF, MARRMTREANGA S, DAY REAEETHELY, BHEZHA G4
Boo MASBE T B A FsT R D A 4 R F Fawf 7 F 69 KT WL S R (LOEC) 231 % 0.100
#2 0.050 mg/L. 35 CTF, D& 4 Rk, LRAKT IR IKE(LOEC). KRR TR TAA =115
#f@;&ﬁﬂk‘?/\%&‘%Xﬁ?zﬁi’xi%ﬁvi AR H AR T, BT A A B H S B HKHEK

FREREEL R FEL

KR
FhE S FES: X503.225
DOI: 10.11759/hykx20210807001

A% Ll S A% 4R P AR B e R 30%~35%F%
A5 R HLRE, R Y R HRGH ok ¥ K HE B PR B
PR Z R TFHR IR R 4 C~12 CHahEM, R
T B ETS BUAE M E e ) RGN BEIT G, BHIEE 1E &R
5, ROV KA AR B Yo A K i v 4D
RYJE AR, b i Ay SR B 2 T T R
H o R T S S L A BT 4 Ml v 30 Vi K R A T
Ml e T A R 1 DX K 7 9 T R SR AR

M20 2 60 AFARLIK, [ N AMITSEE XK
R B A A S ROV R R T ORISR Y AL
IKAE Wy AR RN g A, R IR R & B B Bod AR A
2 M T R0 BRIk, R ST TR K R K A Bl
Y052 e A 00 H RN IR G % & B Beb A T4 9%
W (Acanthopagrus schlegelii)22 ‘C ' IR Jif % 1k
o, W TR ECT B, ARG W,
RATRWEE TR, SEERRAR TR K
MV T % H sl 2k SEHE RO B BR B DL (Pinctada mart-
ensii) 3 A5 O 91 24 A IR, xR B E

R H (Tegillarca granosa); MERE R ;
SCERARIRED: A

KR p Y
XEHS: 1000-3096(2022)04-0025-09

A BT BV B T R TG K, U B A A X O L Y
Hl5E Tk & A4 AP, #ita(Lateolabrax japonicus)
32 RGO 10 9% Ak, 556 B 25 7K R ) 1 S B T A,
AR B8 F i (Coregonus  clupeaformis) R %
B R, NZAE I I 4G ia, IRRIE TR
F It IR IIT A A, Eﬂ%“ﬁﬁi%‘?ﬁﬁﬁ%ﬂ‘
1o, T2 RE N ) 2 A A R e Y

e W (Tegillarca granosa) J& AR B W]
(Mollusca) . M 7¢ 49 (Lamellibranchia) . %] & H
(Taxodonta) . 1%} (Arcidae) . Je Ml J& (Tegillarca), &
=1 X E RGP 2 — A T A [k e

Wk H 41: 2021-08-07; &1 H #1: 2021-10-08

AT EFE AL H (2020YFD0900802, 2018YFD0901405-2);
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Jrryfa SRR, e ik R I 30 e T 55 0 B A 2R
HYTERY ZF WKW, TASEHTE
b B IR HE KT Yo X =0, MR IR G & B B B
T 5 5 BV AHE K e, B2 5 b6 W kv )
G0 N BB XTI S IV RS A IR HE K HE R X T
Ve i g DU RN AE DU AT 4 58 3 09 AR FA 3 O 3 3R AR
oL, U8 RS2 K B0 T A R T AR AR AN T 4 3R
B, ARWFSELL =01 R B A3 R sh e it i %2
LRSI S T Y2 1= W A1 S R eVl
YEF X e it 32 K6 B9 & & 52, AR =1 1S H
i Y0 HE K R 00 A A R, 1B A S G U R R
A B SR 5E o AW 5T T 22 Sy op VR LTI
HE KI5 B R 8% P A 0T o R T PR (4 L 5 ik A i
W
1 MES5HE
1.1 REHH

S5 T FH A U i 2 DL SR Y8 i K A
CORWEVE 1557 BER, BT TR K P SR B A 5T i
THITIEHAR L Ve BRIE ) R G FLME IR e 9 S R
F oK

YR SR 4 (NaClO) Il 40% FH B 745 ¥ (CH,0) Il H
25 45 BAL R A FRA F], B 4 A aliilfl, H
ZRIBKIE R 1.5 mg/mL AYUFE A A R, LI
HRAUR R R
1.2 ik

SR E 3 AN KR A 29 °C L 32 'CHI 35 C,
Byt v K s IR AR AT IR 0.
0.025. 0.050. 0.100. 0.200. 0.400 FI 0.800 mg/L
ST 7 AN B A ST R VR AR, L DU B
N0 mg/L A ik g K A X IE, BRI 34N AT, SR
B9 AE 500 mL BEAR TR AT, S8 Bt ol 500 mL,
A 2 TS R T A KR, P AT B A R BT
T K s 5 DU HE T2 R IR, A HE Y
5 DUBK M ok 43 I fE fle, BRCPE UK HE R ORS DR IR A %2
K, Y SR O AT . T A A
B, w1 4% 20 12 h RS I — W B A AR
W, TN IR B AR PR T . &
K5 30min. 1h, 24 h J5, WHURERRPY 30 mL & 52K
B A T K (BT FE R AT 35 40), AR 1 mL
8% H A VA Y 50 mL 2R3k B0 W IE ., 2l
TR AL . SIS | D A4 iUz ik

'h@AWME

A D B4 R TE R
1.3 AFRMZF %
SR H: [ PONSEL A5 X /K B 702 (Multy8302)

T LR 2500 0 2 1A 7K b A 2 S B (R R R B AR
AR HI586-2010%%, DPD ¥, &7 0.1~6 mg/L).
14 HELHE

JIE A% HHE filt 1 249 {45 HE 22 (Mean+SD) KR,
K H SPSS 22.0 Gt it 84 ) Tukey 8¢ Dunnett’s T3
ZEER IO LA AE . R4, D
RIL RURE AL AN D ALyt e R R A B B
25, M P<0.05 WIS RABEEES, YiE
FPERT R H Tukey 47 2 8 Ho i, M7 22 A 5502k
A Dunnett’s T3 #4172 8 . DU 2R 07 225007
(One-way analysis of variance, ANOVA); 55 A 7] i
JEE T AN [ i 5 4 S e B Sk B 4 3 VR i 4 i 4L
A, D B4l LR A D RLL) AU I R
25, P<0.05 225 W2 LOWR R 7 25011 Two-
way ANOVA (SPSS 22.0)#: 53R 3 | 7 B Ay 50X M
AP FE A EAE RS & W s IR iR & B, P<
0.05 H 2R W% . M5kM OriginPro Al Excel #
7 m E

T I FE I A R fh 2 P SO AR B SR AR ] WS
e FE34 N (lowest observed effect concentration, LOEC)
W R REH AR EE N .. AR
OECD #7517, 52 Ui 5 A Sxt e it 52 45 B ) 24
KM LOEC fH, RIEREAMF T LRI aRY
TR BE SRR M B B S S AT B R Ry 2200 #T
550} B4 HAT 35 M 25 53 (P<0.05) 32 560 41 P B AR Y
ARFER W E R A LOEC {8,
2 %R
2.1 BRESMRMERLE YA

i 1 afA, PRt 30 min BRBR AL T,
35 C B 32 K5 00 BT o Lb 9 8 2 T 5 (P<0.05); 32 °C
F135 “CHY 2 4i i iy & LA i 2 T 5 (P<0.05); 32 C
F135 CHY 4 4 i By (& LA I 2 R I (P<0.05); 32 C
IF 8 4 A 7 bE ] 2 TR (P<0.05) . 35 CH B2
R AR (P<0.05), 35 CHf D I 4) th 4k 5 i 3%
FEAI(P<0.05), MEAGA LB H D BIL) d BB, 450/

TERRE 4 B BE; 32 CHY, D R4 B IE K g 25 )
1 (P<0.05) .
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K1 GEEXEMIERA BN
Tab.1 Effect of temperature on the development of 7. granosa embryo
30 min [ A 21 B 2H 1/ % 24 hD %! 24 hD %I
TR ! ’ 1 h B2/ ]
Z KO 2 i 4 4 8 iy SR /% 4 BRI A%
29 C 13.043.2° 3.8+0.9° 80.0+6.0° 0? 92.243.1° 96.2+1.8° 10.8+1.7
32°C 11.0+0.1° 15.5+1.4° 33.5+6.8" 37.0+6.2° 91.3+5.6° 93.0+2.9° 19.5+2.0°
35°C 26.1+4.7° 39.2+7.9° 23.7+8.6" 6.2+2.3° 77.6+3.6° o° —
D =( D + D )><100%, D 0 ,D J— (3 )
(P<0.05)
22 BEMARBEA 30 min EREMIGE  AREMEREEEE N IER. 32 CEHT,

B AR TR E N 0.05 mg/L I}, 8 21 i L ] i 3%
REAG; Ui AR IE N 0.1 mg/L B, 4 4 g L4
B, W A& TN 0.8 mg/L i), 4 i
Foil B 25 BEAIK . 35 CAMET, AW ELIIRIGAHXS T
29 ‘CHI 32 ‘CHRU G KB -

AN T E 25 A T AN T) i 8 4 G0 e ) U i
30 min IRAGANABALBL A SE M EE TRUR 207 220001 (35 2),
S5 0 W i B 2% b S i S A MR B 30 min iR
TGN R AZAE 00 . 2 Z0MRN 4 20 A A He Ao AR
A, L R B A ST R B 2 B A AR b R VE
23 BEARIIRE AT R AT I RE

89 %R

M & 2 a1, 29 'C . 32 CHI35 C&MUER, MiE

Ui 125 4 LT o R B BN, U8 i ARG B P 2 R
TRE#aHE, 29 'CF, 0.4 mg/L W 55 4% 505 & ik i 41 o

o R LRI
& 1AL 29 CAMT, BRI ERE R
0.1 mg/L B, 4 it BT & Lo 451) &8 2 sk 2L (P<0.05), T B

[~ RS20 s 2 1) e 1 o O o 22

i

100
801

0 LLL&!H

e Bil/%

I

[

40
20

=85233 <853233 855033 mmpEin 32 CF, 02 mel WEARANEE
¢ o 3T BEWEAG: WL RTE, LOEC (FER, WThER M T

e AR AU B VR B (me/L)

AT IRIHR G FEE. 35 CF, 0.8 mg/L i B A S5 it
BIL 3 AR T B A S Xt Je il 30 min IRARARARAL WK EE AL DR LA W E RN, X IRAL AT AN, BR R 2
1 5 ZIRE (35 C)sem iR, % X IR 4 5P 24 g
Fig. 1 Effects of free residual chlorine on embryonic cell 29 CHI32 CE%‘TF&(%\% 1o B, 35
composition of T. granosa at 3 temperatures for 30 B
minutes Lt B N TIEA RE S< E a PE R
*2 BREMBESREIRMLKREZ BN
Tab. 2 Effects of temperature and free residual chlorine on the embryonic development of 7. granosa
XU R J7 253 W 5 (P 1K)
EALLISEN 30 min JIfJif 40 4L 1h 24 h BIgH 24 h RIG 0
SZHKE 0 2 4ilfi 4 4l 8 4 i B R i Ak % W 2%
T 0.000%* 0.000%** 0.000%* 0.000** 0.000%** 0.000%** 0.005
T AR A 0.000%* 0.029* 0.000%* 0.000** 0.000%** 0.000%** 0.000%**
IR B2 i B AR R 0.012* 0.001* 0.000%* 0.078 0.079 0.000%* 0.234
L, (P<0.05); **, (P<0.01)
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- J10mg/L gR0.1 mg/L
100 a 0.025 mg. E502mg/L
0.05 mgL D04 mg/L

7210.8 mg/L

FIZH/%

A O

29 C 32°C 35C
g/ C
P2 RN B A SETE T e i A2 RS B O B
Fig. 2 Influence of temperature and free residual chlorine
on the cleavage rate of fertilized eggs of T. granosa
[ — i A IR AR S B R R, AN [R) B0 22 57 W 3 (P<
0.05)
Different letters indicate significant differences during different con-
centrations of free residual chlorine at the same temperature(P<0.05)

*3 BEMBESRESPETRYE D ByRBURSHER

.hmAmmf

AN T 25 A AN [ 37 2 A S IOk vk 32 o) g it
K5 U0 B0 SR AR R AT XN B 220000 (R 2), 4
R 7 U B N A ST R VR = RS A7 AE B R
FH, I3 R 25 B 255 T U 25 4 SEOGT 8 i 32 0 B B 4
RGN R
24 BEARIIAET R D B4 RBL

Z 5k R YA

M2 3 A1, 29 "CHI32 CHMF, MEBENFE AR
EIREEA TR, D RLL AU LR R e, BHIERE
Fhniads WA PR E 0.1 mg/L i, D A% Hui
AR BETER(P<0.05); HFRg BRI 0.05 mg/L
B, BRI B THE(P<0.05), WUL D A% dOi 45
U, EIE 0.1 mg/L B ik FE N eI SZ RGO 80% 247
(RIBNZLR (] 2) (EALTCIELRSE K 7 MAE H 1Y D R4,
MR 29 CHI32 C, B RETRIEE R 0.2, 0.4
F10.8 mg/L B, MIGARIEILEL D BIZhH; 35 CH&MAT,
JITAT W B2 e i 2 A BB T & B D Bgl il

Tab. 3 Influence of temperature and free residual chlorine on the hatching and malformation rates of 7. granosa type-D

larvae
B AA D R4l RO AL/ % D R 4)) HURHE #/%
JE VR EE (mg L) 29 C 32°C 35°C 29 C 32°C 35°C
0 96.1+1.8° 93.0+2.9° 0 10.8+1.7° 19.5+2.0° —
0.025 94.6+3.4° 89.3+6.4° 0 29.8+8.2% 36.0+7.0%° —
0.05 91.143.0° 88.1+2.8" 0 46.4+4.5° 59.2+1.8° —
0.1 36.2+£9.4° 24.8+3.9° 0 100° 100° —
0.2 0 0 0 — — —
0.4 0 0 0 — — —
0.8 0 0 0 — — —
(P<0.05)

A TRIER T 2% T AN R0 5 4 S T 4 R 908
D R BEEAR . D L4l dUm I AR A R R T RN
R 20T (R 2), 49R BRI 2 W0 T B A
FOMYEnt DR Ay AL RN, IR RN A
ST Z M AE R RAE AL IR A 2 B R
W AR R VEM D B4 HEOR RN, iR A A
ST R 2 (B AN AE P R

3 W
3.0 BESRMBEBE T HEH
L R S DL A IR L T N 2, AR

DU SZ 5 DR SPE AR I 22 SR IR B2 S AN TR), JFXhIRBE /Y
N B I B R 2E R B4 ENAN NI
L X YR X DL 24 32 4 B9 07 A 1) 52 e 8 T R 1Y
W5, XL TARE K™ FR G 4R it T B 48 S AR
PRI . BB B (Haliotis discus hannai) iR R & 1Y
RIE AR N 22 °C~24 CP; il 0t AR W5 (Paphia
undulata) \E 6 % B Fol A IR EE N 30 CPY H i
(Cyclina sinensis) it & B il &5 IR E R 26 C~
30 'CBY; FElH(Scapharca subcrenate)[RlE K B ik &
FTREE Ky 25 'C~30 "CBY; £ A (Nuttallia olivacea)
WG R B RIESIREE N 15 'C~20 TP Jetll(Tegillarca
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granosa)f G IR N 25 “C~31 TP,

TE B — B X R B ARG & B R L h, SR E
PRZEE 30 min MRAGANAEALIAL . 24 h D A4 HRHE
24 h D B4 RO SRAE A HR AR HE T AT i, R
Tk 2 X 8 T R G & B RS o 32 2 R R R At
DUZS ARG % 5 RS M A — 330 22 [ 2 S PR 5T
AR KR B T A BT R LRI R R R
MOKIRAE 21 CHE, MWAZAE I & B ) D BI4h AT 2T
60 h, T 4/KIRTE 31 ‘C~33 CH, R T kDR
HAVTGEE 12~13 ho ABFEE I 32 CHRAFTIRMIR
6% E I BT 29 °C, 30min I, 29 CRIHR4H, 4
YA 5 EE 80.0%; 32 CXfHR4, 4 40Md it 33.5%, 8
YR 7 LG 37.0%; 35 CXFHRA, 2 4HAE & Lk 39.2%, 4
AML it 23.7%, 35 CRERIE. X HANEILEP
IR iR AR NS IR RRE . WE, B
JRRG TR TE Wi B IR 5 B I R %) o N = AR A o
25 WG 3 4 1 IR B AMES, AR TR i b — S 2R 1
ek, HERTEE, MEET,; HERESSES
AN AR P AE T, SRR WIE, 2 580 S
PERRAR, BRI 2, R &,

32 BEFRIKESRMIERLT GTH

EEA M, AFEEECER T RARS
ViV T2 A 0] 48 0 2 B0 32 A5 RN VR iR R B 52 ), 45 SR
& BT T2 n R A T T X 24 S0 8% B0 A2 K5 VR i &
H OISR R, T AP TIREEST Ph.
Cd. Hg. Cu Wil T 75 W B2 AT £ L (Caenorhabditis
elegan) B PERIFEM, 450360, Cu Ml Hg [Pl 24 h T,
Bl FREEIRLE (R, TSN BRATZ AL LCso (B 5 254
JIREAR, TN T E AR N, IR A I
15 G W A= i EE RS AT v, TR BEAE S — A
ew EEM AR, NMUGAEYEaTE D) A
AR B OC, T O At 5 Yl Wy B4 2 P AT
— B WS MAAE DA (I A 7 A 5 R
o, I E SRR — W SO A R, N IR
() FF e AT LA | R 7K A4 ] 1 R 2 B 4 S 0 1 2 i
e BE Wy 3N, 1 51 S 1275 Y W G 7 ks oL
ABEFE, 29 CHE, 1R Ie M 324 5P O 24 ) 251 %
A7 S Ay R R E N 0.4 mg/L; 32 CHY, ik
T mif 52 K5 B O 2R 32 ) 2 AR IR Y O A LT UK
JE4 0.2 mg/L, 7£ 29 C~32 CTF, WEsagn et
A B O L3 52 e 1 B A AT LG 4800 ¥k B (LOEC) Fifi
B T IR, BRI T .

) H@ART/CLE

32 CHE, 1 ke i 52 B0 O 24 5% 5 25 M BRI 1Y)
WEAEERE R 0.2 mg/L; 35 CHF, &R Je
2K 1 O 24 R I 2 AR ) U 3 A T VR B
0.8 mg/L; TF 32 ‘C~35 ‘CF, W AE % Jen =2k
1Y B 524 S 52 W) 14 e A T X 8800 Wk (LOEC) bifi %5
B TS R, RIAE 32 C~35 CF, AR
A RBEE KR TS MR R X8 SRR G
FoAth V5 B W 5 B0T5 Ge W 75 1 Bl A 7K I T v 3 K
ANTR], DN 5 U B A ST I AR A G, Bl
T RE Y T, U B R S N A R, DTS I T
BN T AR w5 IR R 2 R] Y
k2 1 O R B et T R IR G U R A RN U i AR i
KB F RO A E AN AR AU B AE SR A S Y
AT Pl B, 78 22 “C~30 CH, IFs A
(R IT R Bl B AR T i3 i, 22 CTF #E P o,
26 CNEEMERES, BFIEE IR h 1 R R
N, U S A% S S DR AR A R BE R 2
e, TS T S B

AR 0.2 mg/L ik T, B D #l%)
HUEfk; 0.1 mg/L FiEVWE T, D AL RIIE RN
100%. = 175 42 H Ul S 30T Vi 3ol U 285 A S I it Mk B
0.01~0.18 mg/L, XM K B r=dm, &K
WA, =T A e 3k A0 3T VA SR U R 2 R
UEAh, =TT R Tl & Rk %8, AH
HE A T BE RGN, A8 T I 38k A TS YA Bl n] fig A
AR, NG AT LR B — S (14 it e 38 i ik —
IR,

4 Zipr

TEABFFE B E IR B N (29 'C~35 TC), 32 C
PR HET YR 30 min BPAHAEIA L E . XU EI 2R O o
PR D Rlgh R AT B R, D R4t
BB EVERAR; 35 CHiH T Jekl 30 min W (1440
WRSE . MURRT 2RO O 2R 0 F AR . K D A4
HUEAL

EERAEEAAGONT, 3 MNRE T ST
B AR TR BE B, Y0 T U 30 min B4
082 2= B i i AR S O R g O S 2
A% SN U8 I 32 K5 B B 24 28 5 ] 11 S A 1T 0 5% 850
J5 B B (LOEC) 3 %1124 0.400, 0.200. 0.800 mg/L.
29 CHI32 CF, B MM TS, D Al b3
ETEEER, BIER ST B, WA R T
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AR D AL 4y Hu G Ak 58 R T 232 (14 fe A% W] 0L ¢
KON 5 BE (LOEC) 431 24 0.100 F1 0.050 mg/L,
35 'CF, D ALl HORMFH, oI5 A% o] 08 5 8500 e B
(LOEC).
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Abstract: To investigate the effects of warm drainage pollution in Sanmen Bay on the development of aquatic ani-
mals, the influence of free residual chlorine on the embryonic development of Tegillarca granosa under different
temperature conditions was studied through laboratory simulations. Three different water temperatures were set at
29 'C, 32 'C, nd 35 °C, and six different gradients of free residual chlorine concentration were set at 0.025, 0.050,
0.100, 0.200, 0.400, and 0.800 mg/L. Simultancously, filtered secawater was taken as the control. The influence of
thermal drainage on the embryonic development of 7. granosa was analyzed by counting the change of the embry-
onic cell composition, cleavage rate, D-shaped larva hatching rate, and malformation rate. The results of a single
temperature rise revealed that 32 ‘C promoted cell development for 30 minutes after fertilization, whereas 35 ‘C
inhibited cell development for 30 minutes after fertilization. The 1 h cleavage rate was significantly decreased, and
the D-shaped larva hatching rate was zero at 35 ‘C. Under the condition of temperature combined with free residual
chlorine, the cleavage rate decreased along with the elevated concentration of free residual chlorine, and the lowest
observed effect concentration (LOEC) values of free residual chlorine to the cleavage rate of 7. granosa were de-
termined to be 0.400, 0.200, and 0.800 mg/L at 29 C, 32 ‘C, and 35 °C, respectively. The D-shaped larva hatching
rate decreased, and the malformation rate increased along with the elevated concentration of free residual chlorine
at 29 C and 32 °C, respectively. The LOEC values of free residual chlorine to the hatching rate of 7. granosa
D-type larvae and the malformation rate were determined to be 0.100 mg/L and 0.050 mg/L, respectively. The
D-shaped larva hatching rate was zero, and there was no LOEC value at 35 °C. This study provides not only basic
data for the impact of residual chlorine pollution on the biological and ecological environment in the Sanmen Bay
Nuclear Power Plant but also theoretical guidance for formulating the discharge standard of warm water drainage of

coastal power plants.
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