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& E: iR4E 2010 E 4RI 6 ML Z L s M 46 77 5E XK S 5
R MEMZE SR, e T M85 X DO pH FIE SR 3R i & B b4
1iE , 3R A8 32 RIS B0 A ML TR 98 B0 X 12018 38K FUR 5
1T b, 455R3KRH . DO Al pH 455 (¥ K K Bz #E) (GB 3097—
1997) ¥ 5E H) Fr Mg K 11 2K Am i ; 7 58 X DIN 245 & & 728 3l Bl 4
B4 0.726 ~ 1. 133 mg/L, Hr NO,-N 5 THLA M 74. 83% , B4 1 ¥
MG 558 X DIN { FZ AT ; DIP #1 Si0,-Si 248 & =03l FH 47
5124 0.043 ~0.082 mg/L 1 0. 794 ~ 1.357 mg/L, DIN DIP 4E3 4
8 (K K FARHE) (GB 3097—1997 ) #iL5E M 5 JE 17K 1T 2K /KA
. FEMFEX N/PEHEN 34,02, 7] WIRFEK K2 BRE FPRES
RIEEFRRSBE(E) AV a5 (A) WIFHh Bs , KK 28
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AR R 7 BRI AS S5 L5, 1 T g X
RN R R, 3 EE Wk IR AL & A T
KTTHR o SR, BEE FR AL A B A0 37 7 5
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1.1 FAERBMRERRE

SE PR G2 11 S R ) A 57 5 X 4R O A A
XFGE IR IK IR N B 1L WA R R T B 3, £
ZALT R R VIR IX (B 1) o 2K HK B
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13 m, HEGIHA KL 700 H(3 mx3 mx6
m) , FE5E S Fh 3 B #E 85 ( Lateolabra japonicus) |
% B 4 1 ( Sciaenops ocellatus ), K H £
( Pseudosciaena crocea) %,

P 14 ARAE A H 3 MRFEMFENER,
1L ANRTERIFE A 4200 80 m FRFA X IR A .

121° 36’ 121° 37’ E

EHH

1 RLERNEFEXMAETEE
Fig.1 Location of cage culture in Xiangshan Harbor

1.2 H#RERESHHT

2010461 A,3H,5H,78,9 A,11 A3t6
MLV 14 AR AE UK AL AT I, SR A B[]
299:00—12:00, # i B3 2R 5 K 43 4 I & 4%
CEPETZIIEY (GB/T 12763. 4—2007 ) 1 #1
EPAT ™ o I SLR/K AR RAE 2 m FIZKEE,
R B A [ 31T 2 0 3, THLE SRR KA
(NH,-N,NO,-N,NO,-N.PO,-P) £ 0.45 um BEEFR
ALY RTINS 8 e 2o U, AR IR B (8] 52 5 = )
FAW3h 53 BT (SKALAR ) l| & ; COD 7K A To 75 2ot
U8, WIZE R e S R vk . Fe, i Z S
oK 5 43 7 AL (Hydrolab ) # 47 3 37 Wl & 7K I«
pH #EEEFI DO,

1.3 EEFRSIEN

MR B 2 R M 7K g 7 i X W 0 5 AR HE
) I E SRR (E) X 52 55 M #8 77 58 X8 52 R
D#EFTEH . BEFRREBE(E) TEH A0
—F[19] .

E = C xN xP x10°/4500 (1)
KA :C.N.P 3510127 E & (COD) \ THLA
(DIN) JCHL# (DIP) , B3l mg/L, & EFR
{1518 : COD . DIN F1 DIP () iR VK BE 43700 1 ~
3 mg/L.0.2 ~0.3 mg/L F10. 045 mg/L; TEW bR v
JY E=1 B, WKEEEEFRMRE
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1.4 AHFRTNIEHE

X VR AR M S LTS B AL, SR A AL
TBRIFPE R (A) IR A A YL R Gt
TV, B LTS R 38 B0 (A) KPR 22 2
—F[ZO] .

A=C/Co+N/Nyg+ P/Py-D /D, (2)
KH:CNP.D 535 gk tkohfbs®AE
(COD) . FTLHLA (DIN) | T AL B ( DIP) H1 ¥ fiff
(DO) E‘JSQ(EMEJ}*Z,CO NoPy.Dy ﬁ%ﬂi@*ﬁﬁj%?
— R AR AR e, HAEHMKIK Dy 2. 0,0. 20,
0.015.6.0 mg/L,

2 RSUE

2.1 EMEAERELRE

2010 4F 42 1Lvs ) A6 R BEL 9 IX 2 4F KR (T)
HE A (DO) \pH B4 R LA 2, %K
FEFRIE I X 4P H IR BN 19. 50 C, F e 7
H,¥MEX 29.80 C, ®R¥E 1 A, WEN
10.31 °C, pH ¥R 7. 67 ~8.43, A ¥H /&
EHBAET B, W{ER 7. 95, $hEEFITE 24 /&
f, A¥iRmTE 1L Ay, ¥{E N 27. 93, DO 24k
VWHE g 4.43 ~6.21 mg/L, R EHBLE 1 Ay,
RAIGMEHIE T Af, 52FRELHEIHBR
%, Hr, DO il pH 947G (KK RN HE)
(GB 3097—1997) #sE iy I 27K K Bihmofe >
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Fig.2 Variations of temperature, pH, salinity and dissolved oxygen in culture areas

2.2 BKEFREBSTHHAE

2010 4G 1119 P46 77 7 g IX Ui 7K R AR
(DIN) \JFCALBA ( DIP) 035 P Ak BR 2k (Si05-Si)
Mgh SRR 1, DIN 448 & 8 48 1k 35 Bl
0.726 ~1.133 mg/L,F-#18 0. 907 mg/L,1 AF
Y, & 0.976 mg/L,7 AFIEEAR,
&y 0.836 mg/L. DIP 44535 B AL [l
0.043 ~0.082 mg/L, -4 0. 060 mg/L, A 5%
REHBZE 11 H, 583K 0.064 mg/L, K6 N
7R, % &4 0.053 mg/L, Si0,-Si &4 R
YR 0.794 ~1.357 mg/L, F4{H % 1. 038 mg/
L9 A& E&RE, Tk 1. 214 mg/L, R fR{E H
BAE 1 A4y, &89 0.890 mg/L,

F1 MFEFFEXKiE A DIN,DIP,SiO,-Si
RELETL
Tab.1 Variations of DIN, DIP and SiO,-Si
concentrations in fish-cage culture areas
mHE/H BEH DIV (mg/L) PO,-P/(mg/L) Si0;-Si/(mg/L)
Ju 0.861 ~1.069 0.051 ~0.068 0.794 ~0.978

FEHME  0.976 £0.060 0.061 +0.005 0.890 +0.048
JE 0.765 ~1.045 0.043 ~0.066 0.914 ~1.004

1

3

FEHfE 0.903 +0.082 0.058 +0.008 0.849 +0.027
5 JuHE 0.804 ~1.004 0.043 ~0.067 0.939 ~1.092
T 0.897 +0.057 0.056 +0.008 1.007 +0.036
. PRz 0.726 ~0.943 0.045 ~0.061 0.940 ~0.990
FEHfE  0.836 £0.075 0.053 £0.005 0.964 +£0.015
0 Yo 0.754 ~0.954 0.061 ~0.070 1.147 ~1.357

FHfE 0.856 +0.059 0.067 +0.002 1.214 +0.047
PRz 0.734 ~1.133 0.048 ~0.082 0.997 ~1.327
SEHfE 0.974 £0.097 0.064 +0.008 1.201 +0.086

11

B IR Yk 3h 1 F WX F B, DIN, DIP
Si0,-Si ¢ B 43 %1 4 0. 014 mg/L, 0. 003 mg/L,
0.056 mg/L B}, AT VE Jy ¥ ¥ A8 49 AE < 9 5 1K
%) %M FFHEIX DIN DIP I Si0,-Si £4F
X BB R Y A K B AR B, SR E

B IR ERACOT K W TR A= 0 A R A W B VR A K
RGN . WIS Y2 E L& , DIN Fl DIP 4R 357K
-3t KK BpRE) (GB 3097—1997) #iLE
# I 2 3 7K 7K 5 A5 #E ( DIN < 0. 30 mg/L, DIP <
0.03 mg/L) , AR 53k 200% F1 100% , 7] 17,
ZOKBIR E AR F 1K FRE D REX 3 7T
R RHE, — B AKX R HEXMEE, B RER
AT RE

2010 42 1119 IR R FE 18 X 17K 1 NO,-N |
NO,-N . NH,-N WiZ5 R 0L E 3, M 3 R EHL A&
BEWIERE,NO,-N £44E2 L E N 0.510 ~
0.860 mg/L,F-¥J{EH 0.679 mg/L, NO,-N 44E
A5 AL 3 Bl R 0. 010 ~ 0. 056 mg/L, - ¥ {E Ky
0.031 mg/L, NH,-N 4425k R 0. 120 ~
0.304 mg/L,F-¥{E 4 0. 197 mg/L, NO,-N.NO,-
N. NH,-N 4> %] 5 DIN 74. 83% . 3. 39% #i
21.77% . H4fE 2002 £E 5K ji fIEl 94 25 .7~ , NO,-N
i DIN /) 94.41% , 2% 11 LWL R EEFET
X, HW Sl NH,-N, /5 DIN [ 3.46% , %} L ASHF5T
B, BRTS LIV P 56 57 50 1 30 i BB B3R AL
RIS L BURHE , A2 A8 NH,-N (18 2K
A RIERE X A RE 5 AR IR 7E A S = A HE
A%,

NN mNIN mNON

e/ B

B3 MEFERKEHENASEHTLER
Fig.3 Variations of inorganic nitrogen in culture areas

http: //www. shhydxxb. com



828 B\ W ¥ K ¥ % #H 21 %

2.3 /K N/P{E

N/P REZEFEEWNE TSR, NP E
FERGEM IR AE , & RECEATCE R I Y
HEREBRH TR ™ . #R& REDFIELD #F5%
B, —RKTERE N/P k2% 16: 1, RN R
HYIXT R B E SRR R 160 1 fH 2 BER
FREA T AT A N/P SR
FRERAR X BRI B, 24 N/P < 16 K B AA X A
J2L,N/P > 16 FHIBEAES A . 2010 4R 1L
FAFRRIE MK R N/P (E I 2, ZMASFRAEIX

44E N/P {HASETE K 25.23 ~45.75 4B H(E
34,02, W25 R E I Z MG SR EE KR —
AEX P B ) 2 A T R Ge o W T 3 ) K sk
DIP 4E5F-37K - A] 3% 0. 060 mg/L, 217K & H 5+
1k DIP SI{ERY 1.3 £5, AT I 12 P 46 3% 78 X 380 2 B
ARFIRES . T FHAEY PR BRAE ES
LB AFE, KIEd & ) NP E ) B RE
BEARE S, AR K i B R, TS
BUkS A SR B — 2 B AL

x2 MEFEXKE NPESFEWL

Tab.2 Variations of N/P in fish-cage culture areas

TiH 1H 3H 5H

7H 9A 11 A FHME

N/P {8 35.54 +4.17 34.95+3.18 36.12 +4.72

35.28 +2.17

28.38 +1.61  33.82+3.96 34.02 +4.36

2.4 MEFEBXEVNTLRASHT

RIEWEI, DO 24 & BALTEE N 4.43 ~
6.21 mg/L,EHE N 4.94 mg/L, HELERTLE
3,075 e EM TR E(A) 2 F S BRI E N
6.15 ~10.53 4EX{E 7. 88, Wa i3t BBl P A {H 4 4F
TE¥WELTVEKERRE, B E (R
3) . BV, IR E X I I ToRE IR TS B A,
TR B R B R R IE T LB /N Ak

TEBHR A G, B8 9T BUS e # KA B TS
R EEMRIE . DI B, DUERL A 0 TR 2
ARSI R R T RNAE 27% ~28% 38
it R T BRI A o RETRIEVEA KR, I
BT KRB SRR S B, AR M I X 424

®3 MEFERKEBKEFRSEL(E) MBI RTNIELR(A)

Tab.3 Eutrophication index (E) and organic pollution index (A) in fish-cage culture areas

i H 1H 3 H 7H 9H 114
Al Bk 7.47 ~9.14 6.15 ~8.69 6.56 ~8.87 6.15~8.09 7.34~8.83 6.95 ~10.53
S 8.14 £0.44 7.44 £0.83 7.63 +0.68 7.14 £0.63 8.09 £0.41 8.58 £0.93
£ k] 10.61 ~17.80 6.86 ~14.87 7.26 ~15.64 8.45~17.39 8.64 ~16.61 8.31~23.34
S 13.73 +1.96 11.72 £2.21 11.59 £2.42 12.86 £2.65 11.98 £1.90 15.44 +4.67

2.5 MHEFEEBERBAKEFRASH
W7k COD 245 &AL 4 0. 81 ~
1.52 mg/L,E3{E K 1. 07 me/L, B & {H H BLLE
o A L X P S, v AR B ) R O DX g Y ]
B W, 375 X DIN 2428 1L 15 Bl
0.726 ~1.133 mg/L,PO,-P i [E 7 0. 043 ~0. 082
mg/L, ZWEZERILE 3, EFRREBE(E) K
6.86 ~23.34, FEE K 12. 89, #AF 11. 89 £%, i
B B AT AR FRAEK Ut T E E B SRR
TEFRH N , TR N M5 5758 X DIN [ 42
FEAALTEE A 0. 047 ~0.597 mg/L, DIP {4 4F
ARALTE I 0 ~ 0. 051 mg/L; ML 4% 75 W) 46 95 78 X

http: //www. shhydxxb. com

DIN {J4EF-¥) 48 0. 072 mg/L, DIP & £1%
40013 mg/LP*M AT, G 1L MIA FREE X N
PEFRLEEBE, XMEFRLENEEKT
54U R B MFEE A ERK
KR, WIEGIT, BT ISR P RE AR
W) K HEH 5 AR, 52 1L s Y SR SR ) A T
FEHA 5 444 COD,, N A1 P 43512k 32 100.33 t
1265.48 t 1188.17 ', MK LKMHKRE, 5
WSS 2 B, KR 55 R4 Be T 55, W
HIXH7K 90% 2975 15 d, %K X 7K 90% 475
90 d, X ELRHAEA FI T3 LW AE TS I B8, el T
FRRHK IR A B B R AR
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DPRFFER 1L T 3o P9 8 I B D 9 P P 2
J&, BT iR T A LI PO A IR B R JE, R — b
“fRESRAE B, NSk BB SR R P E R
PIBRIIHER . SRIE BRI IREE, A TATFIH
WYL SF I B R TR A B HE T M 25 5 IR
FEARS, UGB AE 22 B 2 i 9 (R v R i R I 3358

3 45

T AR 4R 1L v BT P R B K SR 4 AR
ST T MR SR DX ARE SRR O, AT AR B AR
it

(D) ZIL M F8 5758 XK (& 5 DO il pH
e (7KK BARTE) (GB 3097—1997) MUsE i 1T
KKK AR ;

Q)FABKBERESELR, KBEEFR
= E ., WEFRELSHE ,NO,-N 2y DIN FEE
2, AT DL AR FRBEE I R B SR ER LA 4 B
M /N, FREE X N/P S 4EF-359{E N 34. 0, Ao E
RABXEERLEER T, NERBLEEK
V& ,N.P CHLE SR 5 4™ &, DIN 1 DIP 43
B BKF 2 i K K AR #E) (GB 3097—
1997) # € i T 28385 7K 7K B bn #E ( DIN <0. 30 mg/
L,DIP<0.03 mg/L) ;

(3) AR A L 18 BOR & B, AW
FEFTHIEIX A AEIMHE 7. 88, iR K AL FA L
WirEEORE, EFRRERE(E) F£1E N
12.89, 845 11. 89 £%, Fr5E K 244 T/ &
BERMRE.
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Effect of fish-cage culture on water environment in Xiangshan Harbor

HAN Fang'?, HUO Yuan-zi'”, DU Xia', ZHU Ying'>, CHAI Zhao-yang'”*, HAN Wei'?,

ZHANG Jian-heng"”, HE Pei-min'"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;?2. Institutes of Marine
Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract: On the basis of investigation data observed at the fish-cage culture area for 6 cruises in 2010,
variation characteristics of DO, pH and nutrients in fish-cage culture areas of Xiangshan Harbor were
analyzed. The result indicated that the DO ( dissolved oxygen) and pH complied with the Grade II in
“Seawater Quality Standard” ( GB 3097—1997 ). The range concentration of inorganic nitrogen was
0.726 - 1.133 mg/L, the concentration of NO;-N accounted for 74. 83% of DIN and was the main form of
inorganic nitrogen in the fish-cage culture area. The range concentration of inorganic phosphorus and silicate
were 0.043 —0. 082 mg/L and 0.794 - 1. 357 mg/L, respectively. The concentration of inorganic nitrogen
and inorganic phosphorus were too high to satisfy the Grade II of “Seawater Quality Standard” ( GB 3097—
1997). The ratio of N to P was 34.02, so N was relative surplus. According to the value of eutrophication
index (E) and organic pollution index (A), the seawater was in eutrophication state, and the organic
pollution was quite serious.

Key words: Xiangshan Harbor; fish cage aquaculture; eutrophication; nutrients
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