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R LB TR AT IR SO 20 Aok 1L
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Tab.1 The average contents of nutrients in Xiangshan Harbor (ng/L)

Z=97 Season JKJZ Water-course NO,-N NO;-N NH,-N DIN PO4-P
Kz 2J)Z Surface 24.6 1294 84.5 1403 49.8
Spring (22~27) (730~1570) (71~96) (847~1861) (41~67)

Ji&)Z Bottom 25.1 1130 87.1 1242 49.5
(24~26) (950~1420) (65~100) (109~1509) (39~63)

ES #)Z Surface 10.7 984 110 1104 58
Summer (5.2~14) (814~1170) (80~150) (966~1288) (22~77)
JIK)Z Bottom 8.5 1026 106 1140 65
(3.6~13) (911~1130) (46~160) (963~1270) (57~78)

& %2 Surface 15.3 1237 136 1389 77
Autumn (10~24) (909~1650) (100~184) (1026~1844) (65~98)
JKZ Bottom 13.5 1144 110 1267 72.9

(7.8~19) (850~1790) (64~190) (1022~1867) (63~91)

Winter 9.2~17) (439~816) (39~67) (502~869) (29~50)
JE)Z Bottom 12.5 637 54.5 704 39.9

(8.7~19) (401~897) (45~70) (482~978) (31~52)

T A AR 2 A

Note: Data in brackets are the ranges

XFF DIN, . JEZ/KE NO,-N K515 &5 DL
HERm, BB R.OKIZKE NOs-N 71
T ERERE, AR FOKRZKE NH-N
M & U R R, &Rl fFEMNERAY,
NO;-N1EHEZE . HF . REMEZN L 55
FIE 92.22% . 89.10% . 89.10% A 91.27%, JEJZ
90.96%. 89.97%. 90.28%7%1 90.49%, NO;-N Ni# i
ToHLAE R FEEAAEIE S, X F 2PN NO»-N J& NH,-N
ALk NO;-N it 5 2 B [l =40, 17 NH,-N 24
YR = LT A3 i B e 2 7= 0 (B AR R4S, 2009),
WIRFIR AP EMT 4, (#15 NO,-N A1 NH,-N )
SR, R DIN 3R KCF ™ & H bR,
A2 L8 uli (v JiE )23 7K (0.482 mg/L)Ab, HAhub £ |
7KJZ DIN 4445 T /K U2 AR E(0.50 mg/L), iX Af
e 54 WA= 16 s Rt BT D A % T
PO,-P, fEVU A, HAG L7 5195 2%(0.022 mg/L)
4Z2(0.029 mg/L)KZ1EK PO,P R THEK
ZEHRIE(0.030 mg/L), HABE S PO,-P 1445
TilE K bR,

LR AE(2008) I MF IR £5 AR E . A L
TEITE 10 AAERYIHE] B, DIN & PO,-P Bk — Tt
15 o ARG LS FRE I B 20050 S gty ] LATHAE K& 1
FAEEL, 78 L7 1 L8 shfifgd 8] —Lei, (EXF
REATREE AN T X8 SRR B R BRI AN K B3, X nT RE
55 i 5 M AR A K A R R A e AR I TV S Y v
LA VIEEP S

22 EFTBHIRESHEFE

Sl BRI X R . 2K DIN W
FEA IR X B 2T 22 A K, AEFRAHIX 2715 22 A1
MAREE 2), NARIFENRE, F. EHFEK
A RKRERE, KE IR K Y DIN, (45 77 0 i 57
B DX RN PG Y s A FR A IX A DIN ¥R BEAR T R i
X, JLHEEFREEK, EEMFIEFRMEIX, Bk
ZEff 2% . )2 DIN ¥ AT AE 5558 X 3o BH
8%, — 5 T PR kg YA A 45 A7 30 3 R RO R A AR R A
M, X DIN B ICRE 19855 (= 2R 4246, 2009), 53—
5 T T 95 A X 37 2 Bl R N R (R . ARG )
EORIFE . ERERE X K E DIN WREER . B
R AR R R KT, TR A R 2 M K b Sy B
i TR 2K DIN ¥ W BE % 25 28 1k 1 7
FRAG. X R8T R aHe Y IR N £,
MR SERAR TR UG, B e B BRI AR K, HE
FARBWEIRQLAE B4E, 2008; T RESE, 2015),

MARTRZTTKE, A A X ER)Z 1K PO,-P
TRUKERE, ZRRME 3). JREEKERGH
BRI IR X AN, PO,-P SR LIRSS, X5k
i%, IF H 2B i & B RKG2 W8 i p s i o X T e 2 |
BT IO IRAA NG Sh, T i DA U K &5
— 7 THI S VE R0 7 A B R K S e B ) A 3 T K
s SO, BELW, SRRk R
15K EA N PO,-P Eradm, MmihnE 7 X —15 5
(BAEPREE, 2009). P8 1 9 772 78 X R BT S % 77
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FEIX % | JRZMIK PO,-P W B SR IR 5E X AH G ik
EHEF,

FEBH I A5 3% R AT BE R CK AR H i JE AL EURD B
FRER , A T4 10 20 P 46 75 BB TG 201 77 A 1) SRR
P, RV SR DGE I A PRI L o X SR R R
P, SCELT M D EERSEC . P IRIR 25 Y R 4T R T
(BHI5%5, 2012), HREIBHRFE ], Z il KTE Yy
) A p Sl B A RN B4, 2005), Bl JAR i AN 0%
SR G AL R R K . HAT, A
IR I RLBLA N 2 DAXT 42 1L s 1 B SR A TS Y
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BT o SRIGVE RIS 1L USSR GE SRR L, Hb B A5
H 25, B G LE TREI TE ML R R £k 7 Bt =
TRWTEGRLELIEE, 2010), X FEWEH TRER
TN ZEIE B0 G2 10 s 10 52 e 3 R T 3
23 ERLEHLSH

Redfield Z5(1963)WF5X 3R, TRIFAH YN H LY
16+ 1 B N/P HOAE (5 Ho) BRI 7K H 1 R
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N/P LLAE/NT 16 < 1B, SRR ZBR S, i el

IR T XA HAE S5 R IF Y A K Z R, XA
(B3 H FR R Redfield FCAH o AR AR U A X 42 L s o
T FEIEE X ST (1 4), S ik K DU 2 N/P
P YIS Redfield FUAA, FRAlErE RS, £ IKZ
WK N/P HUAE AT 0353 62.44 FI 55.57, HmTFH:
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AR 53 XK F (R 2), TEAFEZRT . AFIKE,
FEVH XA N/P HOAH 22 538K (29.38~91.33) , ZE BN
BIX, HFFE. IRZEKE N/P HEFESE 91.33
72.64 5 H R 2 S5 ARG %) PG I s X AR S5 DX 2 1 K

(29.38) 1K 4K 5 T Redfield LB . [FBT, WK N/P L
(B3 R, 2 BRI % 17 7 45 (Coscinodi scus ocul usiridis)
SRk Ry 4R 0 (it 3 B4R, 2000), AT 520 P73
I A

R2 ZRULEFRBEEESXEFRAML

Tab.2 The N/P value of different investigation areas in Xiangshan Harbor

= KIZE FEFRFEIX THREFRIREIX.  BURREX  PUPEERAE IR P s SR X
Season Water-course Non-cultured  Ninghai seaweed Blood clam Xihu Harbor cage ~ Xihu Harbor kelp
HZ= #JZ Surface 65.74 58.28 91.33 68.80 51.04
Spring JKJZ Bottom 56.46 48.87 72.64 56.46 60.36
- ES #JZ Surface 40.95 35.72 42.00 37.34 61.63
Summer  Ji£/Z Bottom 33.32 36.66 42.58 29.38 42.93
hZE #*JZ Surface 37.61 39.50 44.38 42.24 41.36
Autumn  JKJZ Bottom 37.39 42.29 34.53 40.95 35.14
L& #JZ Surface 58.06 42.26 49.58 53.08 38.07
Winter JiEJZ Bottom 44.20 37.53 38.00 69.86 36.29
24 BEFUTEH BRI 38 ke R A S RS T RE, DB T AR R G

FRAE & B FRACPE I ik R b i, X421 s it
BN EE RO . R BN, 210 44
ZAT R TR E RIS B SRR 3), #iTE
(R012)RYITFE T, 2010 45 111 s 4 73 58 v Sel ik T
FEE B SRR, X R R S I I E
AR DA BT ek , (R K 5 B SR A IR TSR 2 S 1L s
— HAATEM SRS, X F8 520 SR
Bl AT AR I TE K AR DA B S s A M B AN AT O
(R AHEASE, 2011) Z LR SR PR 2 e i 155, #EIX
B 65%HKIARTEE 125 d, B 90% K IRTT 305 d
(MRCBINEE, 2014), AR TGP, kT4
I K ) & B SRR o FES TS N T TR K F2 40,
— 7T, fRHE TR RGNS RO, REE T K
FE RS SS s Sy — Oy, FLa R M T DA

*3 RUBBXEFRLIFN

Tab.3 Nutrition style assessment in Xiangshan Harbor

LY
=4y DIN PO,-P N/P ﬁgitﬁ
Season  (mg/L) (mg/L) utrition

level
%é 1.323 0.0496 59.06 Ve
Spring

T

2 1.122 0.0615 40.40 Vs
Summer

T

S5 1.328 0.0749 39.26 Vs
Autumn

R A=

e 0.713 0.0383 41.22 Ve
Winter

o EL I 7 i o i) PAY A 2 G L Vi ey 7 e S
B E IR I BRAR o JCHE B T T T 22 U A DR
K, NIMARIREE, FEOCR MR TS5 e
P B K iR EE A N, BUER I K & & R
BRHEIMR M o L, 754 )5 G 1l IR Fm A e i) it e
R G TE IR B A A A AN R R B A £
B . E IR BRI S IR AE MR BANE 55 . ARG
55 A SR s SRR R Y S, LR R AR
B R SR FIEG— o

3 #ig

EQII LR S R EARS W R S R 4PN &)
W, FERERZ, XBRA; HESREE V&
wEUKERE, BERZ, &FEMK. KK
bR, AR TSN DIN SR /K V-2 T K 4 i
FEARE(0.50 mg/L); PO,-P /K FHERKHZS Tl K
DU FR#E(0.045 mg/L).

AR X IR, 7 Ve 3 S 5 DX T VG 3 3 16 e
FRAHIX B DIN ¥R FE 42 4F 45 T [ 55 K DU 26 hR 1
PO,-P ¥R 244 T E &M K S I hrife, (HAEAR
NSO T HAL R BEKHE X DIN F1 PO,-P
WEETE BT A 35 138 B

Sl h ER IR ARG X R 2 L IRJZ B N/P (Y &
T Redfield [bff, ZIBERRHLRA . MR HEFRAIEH
P, BRI R IR A A X DY 2 1 5 SR K AT 8
W, O S R T T O R
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Seasonal Variation in Nutrients and Evaluation of Eutrophication in the
AquacultureAreasin the Middle Water Areas of Xiangshan Harbor

BAI Huaiyu', LI Qiufen', ZHANG Yan', CHEN Bijuan'?, HAN Qian', XIA Bin"*", QU Keming'

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao  266071;
2. Laboratory of Marine Ecology and Environmental Science,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract Based on data from the aquaculture sea-areas of the middle part of Xiangshan Harbor
surveyed in autumn of 2014, and spring, summer, and winter of 2015, nutrient levels and seasonal
variation in nutrients were evaluated. The results showed that the inorganic nitrogen and phosphorus
levels in autumn were higher than those in spring, summer, and winter. Among all regions, the DIN
(Dissolved inorganic nitrogen) concentrations in Ninghai seaweed and Xihu Harbor kelp culture areas
were higher than the fourth level of seawater standard (0.50 mg/L), except one sampling station in the
winter. PO4-P content were higher than the fourth level of seawater standard (0.045 mg/L) in the spring
and autumn. This may be due to human activity, which was focused on the development of local economy
and urban upgrading. Additionally, the rivers that flowed through the metropolis around Xiangshan
Harbor carried domestic wastewater and rainfall, consisting of superfluous inorganic nitrogen and
inorganic phosphorus, to the sea water. Conversely, seaweed, as well as algae such as kelp, was originally
cultivated to reduce the level of DIN and PO,-P, and has not functioned optimally during recent years,
contradicting with the nutrient data from previous investigation. The N/P ratios of the sea water in the
middle areas of Xiangshan Harbor were higher than the Redfield ratio in four seasons, lacking in
inorganic phosphorus correspondingly. According to the potential eutrophication assessment model,
Xiangshan Harbor possessed potential, rich nutrition, with medium levels of restricted phosphorus in four
seasons.
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