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Fig.1 Sampling stations in the studied area of Sungo Bay
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R A e TOHLAL BRI ER M s ik S i S
{65 Con «Com ~Cup oo 73 1| o 25 8 At G L
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NETIFIEEL

EFRER IR AP T R A B Ak
IKAF-UA e =3 Z 18] (4 LU AE AT R T . 8 26, 2R
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pwmol /L) 1 SR 5 e Il S R e A T
K AR 8 3 3k Ry o it 1 A0 A A g IR o e X
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JE A (R B 27 5 XK IR A T 6.2 ~23.21 €
Z Il KR S A 8 H ARME R IAE 12 H 5%
fift R B 43 B4 T 5. 91 ~10. 14 mg/ L {L A,
ZE AR A S KR A I, TEA ZE R L8 H B
1% 3R LU AR e , 78 30. 97 ~ 31. 76 JEE N .
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FEFEA R A W 0], 45 36 A0 COD # I T 2
mg/L & E 5 KoK BT — bRt (R 1) o #iX
COD 1y fH 2= 35 kA8 b 55/, i fE Hh BAE 8
(0.56 mg/L) , &R I, 2 XA ¥ i Pk TS L
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Tab.1 Seasonal variation of environmental parameters in abalone long-line mariculture areas of Sungo Bay, China

4 A 6 J] 8 H 10 A 12 A
April June August October December
A/ (mg/L) DO 7.16 £0.87 6.22 +0.51 5.91 £0.26 6.77 +£0.28 10.14 £0.85
{75 E =/ (mg/L) COD 0.47 £0.098 0.47 £0.23 0.56 £0.18 0.37 +£0.20 0.46 0. 14
WEAEERER/ (wmol/L) NO,-N 0.12+0.013 0.087 £0.015 0.27 £0.012 1.09 £0.038 0.097 £0. 12
R L/ (wmol/L) NO,-N 0.50 £0.38 0.98 £0.57 1.73£1.18 5.53 +0.89 3.70 £5.21
Z A/ (pmol/L)NH,-N 2.11 £0.37 0.96 +0.43 5.94 +0.27 2.62+1.24 1.25+0.13
W RPETCHLE/ (wmol/L) 2.73 £0.65 2.02 +£0.46 7.94%£1.27 9.25+1.55 5.04 +£0.19
WEPERERR£E/ (wmol/L) PO}~ -P 0.086 +0.049 0.22 +0.028 0.35+0.17 0.37+0.15 0.42 +0.055
FEBREL/ (wmol/L) SiOﬁ_ 0.91 £1.14 3.88 £1.52 13.78 £2.559 12.24 +1.04 18.35 +6.09
R EE IR H ratio N/P 37.39 +3.34 9.61 £3.08 27.12 £9.01 24.99 +11.53 11.97 £1.46
TEE BB JR e ratio Si/N 0.35+0.59 2.04+£1.01 1.77£0.41 1.32+0.37 14.70 =1.11
M2 ZE W/ (wg/L) Chl. a 1.23 £0.55 1.30 £0.25 - 1.60 £0.39 2.12 +0.36
x2 BHBEENSTR
Tab.2 Grade of organic pollution assessment
A{H A value
<0 0~1 1~2 2~3 3~4 4 ~5
V5 Y4534 assessment grade 0 1 2 3 4 5
JK T PEH assessment results Bk st ﬁﬁéi?% . R . . ik . . e .
good better pollution light pollution medium pollution  serious pollution
x3 KREFKEENIE
Tab.3 Classification of eutrophication evaluation for the sea water quality
E {H E value
0~0.5 0.5~1.0 1.0~3.0 =3.0
B 37/K -4 % nutrient grade 1 2 3 4
B F%/KF eutrophication level ﬁ%# IT‘%# i %ﬁ%#
oligotropic mesotrophic eutrophic top eutrophic

®4 BANEREBREEFRTNERHITESER

Tab.4 Results of organic pollution indices and eutrophication assessment indices

4 H April 6 /1 June 8 H August 10 J] October 12 J§ December
AHLI5 Y4550 A organic pollution index, A -0.67 -0.29 0.46 0.41 -0.30
B FE /K- E {H eutrophication index , E 0.032 0.060 0.43 0.36 0.29

2.4 X BHFXRIEFEXKMESHMLE

)25 A i 25 S R, 7RSSR A ), 4% X
) COD #{Ik T 2 mg/L, fF4 [ 580 KK it — 2
PRECEI2) o B4 H 2 XTI A COD 2% 1
TFHIFEFEIXHM,6 .8 A1 10 H , #i[X ) COD #B i
BT BIIX COD {25 AR (i /N A
F0.46 ~0.56 mg/L, B HMHLE 8 A, Wi X
(/) COD £ 4 H 1 12 H Cifgas £ K IE 2 )
BT E (1.2 mg/L)

VAT IX 5 37 B XA 2 R B A A, 2T
Al — 2 X HE 8 ]t BIEARL, 43l 2 g IX.
FIAEFEAE X Y 3. 0 f5H1 2. 7 £ W X R TCHLA
WREFEAS A H Oy #AR TR FRAE X, (H & 2=y
PEARE R IE — B AR 4 7 2] 10 H B ¥k
fi%,12 A7+ X 49 DIN 78 4 A 5 & (KT
X (F =10.075,P =0.01 <0.05) k325 X
(F=8.653,P=0.015<0.05) {07 8 A ,DIN
PRV B VR T R, I R T X (F = 5. 408,
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P=0.04<0.05) MAEFFEIX (F =7.099,P =
0.022 <0.05) ,
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WA DX I ) 32 22 R AR R, 3R 3R XA A X
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Fig.2 Temporal variation of nutrient concentration, mole ratio and COD in surface water of sample stations

£5 3INMAEREARENHEFRBRFBERIFTER

Tab.5 Nutrient limiting results of 3 sampling areas at different seasons

4 61 8 10 j 12 H
April June August October December

FEPR & Si-limit

fif X abalone area *

M X kelp area

JEFE5H X control site #

FIRH) N-limit

fifj X abalone area

W77 X kelp area

JEFE5H X control site *

BEFR &) P-limit

ffJ[X. abalone area % N .

WEHPIX kelp area * " . .

AEFEFE X control site " . . .

T FURIRIKTFAEE SRR PR

Notes: * means that there is nutrient limiting in the area.
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Fig.3 Comparison of nutrient indexes in abalone mariculture site between 2009 and 1999
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Analysis of water quality of abalone suspended
long-line mariculture area of Sungo Bay

ZHANG Ji-hong'“ , REN Li-hua'?, XU Dong', ZHANG Ming-liang', WU Tao', JIANG Zeng-jie',
WANG Wei', FANG Jian-guang' , LIAN Yan®, ZHANG Xin-jun®, LIU Xin-jie’, ZHOU Ying-min®
(1. Yellow Sea Fisheries Research Institute ,Chinese Academy of Fisheries Science ,Qingdao 266071 ,China;

2. Rongcheng Fisheries Research Institute , Rongcheng 264300, China;

3. Animal Science Institute ,Qingdao Agricultural University ,Qingdao 266109, China)

Abstract; Abalone long-line culture is a commercially important mariculture method in China. With the
development of scale,it is very important and necessary to understand its influence on the environment. In
this paper the effects of abalone long-line culture on the water quality were studied,in order to provide basic
information for the setup of sustainable mariculture mode. Dissolved nutrients were investigated in abalone
long-line mariculture area of Sungo Bay in April, June, August, October and December of 2009. Water
quality was assessed by organic pollution indices (A) and eutrophication assessment indices ( E). Nutrient
factors limiting the growth of phytoplankton were assessed by the method of theoretical half-saturation
constant( K, ) and stoichiometric ratios. By comparison of nutrients in abalone,kelp and no mariculture areas
and the historic data, the environmental influence of abalone long-line mariculture was analyzed. Results
showed that the concentration of dissolved inorganic nitrogen( DIN) ,PO;~ ,and SiO?~ were at the range of
2.73-9.25 pmol/L, 0.086 —0.42 pmol/L, 0.91 —18.35 pmol/L, respectively. In April, June and
December,A values were lower than 0, water conditions were in good level,in August and October,A values
ranged between 0 and 1, water conditions were at preferable level. E values ranged in 0 —0. 5, which showed
that the nutrient concentration was in the poor nutrient condition. This result suggested that the influence of
abalone long-line culture on the water quality was limited. However, there were some extent variations
between different areas in the nutrients concentration , nutrients structure and seasonal changing trend. P might
be the key limitation in the monitoring area. From the historic changing trend, ammonium and DIN
enrichment in abalone area in August should be paid more attention to.
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