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Fig. 1

The distribution of water depth, estuaries, water quality control points, and tidal stations in the Xiangshan Bay
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Fig. 2 Seasonal variation of the discharge and DIN emission
concentration of Fuxi (S6)
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Tab. 1 Comparison of the modeled and measured DIN
concentrations
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tribution of M, constituent in the Xiangshan Bay (b)
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Fig. 5 Response functions between the DIN concentrations of water quality control point P6 and the DIN emission concentra-

tions of some estuaries (S1, S2, S3, and S4)
o FRla. b,

o d e, SRR K BT B BR R 2R R

%2 MHEFBETEZANEON DIN HERERINESE(ENL: t/a)
Tab.2 DIN environmental capacity and discharge flux of the estuaries under four cases

A AR %5 a 15 b 15 ¢ 45 d
i A Ml v Hiwia AlE Ml v )
SBE 112.62 44.02 68.60 48.46 64.17 49.32 63.30 38.92 73.71
NG 160.73 11.25 149.48 13.70 147.03 15.99 144.74 18.61 142.11
P JE e B 39.70 39.70 - 7.66 32.04 3.43 36.28 3.99 35.71
TR 14.67 14.67 - 14.67 - 1.50 13.17 1.74 12.92
AR 16.09 16.09 - 16.09 - 10.73 5.36 1.69 14.39
156 i o 57.96 57.96 - 57.96 - 57.96 - 44.93 13.02
Wi 141 i 59.03 59.03 - 59.03 - 59.03 - 6.70 52.33
HEMR R 2.15 2.15 - 2.15 - 2.15 - 1.69 0.46
isR0) 24.40 24.40 - 24.40 - 24.40 - 3.99 20.42
HE K 4.90 4.90 - 4.90 - 4.90 - 4.90 -
At 49225 27417 218.08 249.02 243 .24 229.41 262.85 127.16 325.07

TE: BT IR R A O DIN HEG 3 75 2 el

AR A T (R BRITS A BRR0T ) Jr Ak ¥ 5K
3 e i A) T 10 (P R RS 1), (H 75 R HE

75 11 B DIN 4 HEWREE & e T A 15 T 3T 2.3 1%,

PR VG S HE TS TR e s T IV A 1

SEATANEE, KRS M B R | KRS e B T G,
HH A e B f 1K

4 Zi

AT ROMS M NEMURO BB, 26%

JESEIR B R AR A A L s,
ST B = KRR, 2RI, AR S S
SRR —F, AT TR ISR DIN SRR it
A HE A K BT ) SO0 A2 T S T R X R R AT T
IR Ry FEUERE T a. b, o, d WUHEERIF
TR T X RERE R A DIN SR, 450K :
(1) AFEET, 21 DIN FEA RS

127.16~274.17 t/a, HBEZFE R BIHE K, DIN FR5E 24 5
BN

Marine Sciences / Vol. 44, No. 4 / 2020 17



Bt

50

40k ©

30fF

20

KM AE R a)/d

S6 S7 S8 S4 S5 S2 S3 S9 sio\él
AN

Bl 6 £ AW OEIEAGSCAR R . AL i 3K (A 2 32 8 Bt (]

J% DIN “F-HEi 38 & 531

Fig. 6 The reduction priority, water half-exchange time,
and annual DIN discharge flux of the estuaries

TE:a. by ooy d MBI [R] R HRAEIE T B9 USSR E P
NHPRALSERRE, A 1 ZIVI et E B EREAL BARERT.L
5 B T SR 5 A 2% A T A T SRR A B 4 IR 1] T 2 4
Rt H/IME

(2) B Ruin BB HTHG K, & A 1 DIN R 8
AU T T R, e IO S AR B DR A A 1T 4
Iy T I0, ML, VPR, BY T g% S8R, i, 11
VG RERHES 1, T2 T RRIT . ARUHFN, IV B
W WEF OO L OHERE L BEREI . IR e R S
25 N 171 i Kb g 3l g 7K A > 32 4 i ) S DIN A HE
T A G KR A ] B DIN AR HE 8
R, HI DB e B s

S Xk

[1] ALY, T2t QI AKCIBUENIE 11 BR Y

FIFK S HBEFE)]. RS IR, 1999, 30(5): 465-
470.
Dong Lixian, Su Jilan. Numerical study of water exchange
in Xiangshan Bay II. Model application and water ex-
change study[J]. Oceanologia et Limnologia Sinica,
1999, 30(5): 465-470.

[2] Jiang Z B, Zhu X Y, Gao Y, et al. Spatio-temporal dis-
tribution of net-collected phytoplankton community
and its response to marine exploitation in Xiangshan
Bay[J]. Chinese Journal of Oceanology and Limnology,
2013, 31(4): 762-773.

[3] Jiang Z B, Liao Y B, Liu J J, et al. Effects of fish
farming on phytoplankton community under the ther-
mal stress caused by a power plant in a eutrophic,
semi-enclosed bay: Induce toxic dinoflagellate (Proro-
centrum minimum) blooms in cold seasons[J]. Marine
Pollution Bulletin, 2013, 76(1-2): 315-324.

[4] Liang S X, Han S L, Sun Z C, et al. Lagrangian methods

) H@ART/CLE

for water transport processes in a long-narrow bay-
Xiangshan Bay, China[J]. Journal of Hydrodynamics,
2014, 26(4): 558-567.

[5] =g, KL, P ot FLiEEEuK BRI [I].
HEPEFRE L2, 2000, 19(1): 56-59.

Zheng Yunlong, Zhu Hongwen, Luo Yihua. Assessment
on the situation of water quality at Xiangshan Port[J].
Marine Environmental Science, 2000, 19(1): 56-59.

[6] % itk RUMSEEK RO/ Hr 575 G Biih o 5. ).
1S YRR, 2008, 21(3): 48-50.

Luo Yihua. Water quality actualities and water pollution
control measures at Xiangshan Port[J]. Pollution Control
Technology, 2008, 21(3): 48-50.

[71 Ye R, Liu L, Wang Q, Ye X S, et al. Identification of
coastal water quality by multivariate statistical tech-
niques in two typical bays of northern Zhejiang Prov-
ince, East China Sea[J]. Acta Oceanologica Sinica,
2017, 36(2): 1-10.

[8] Li L, Guan W B, He Z G, et al. Responses of water
environment to tidal flat reduction in Xiangshan Bay:
Part II locally re-suspended sediment dynamics[J]. Es-
tuarine, Coastal and Shelf Science, 2017, 198(5): 114-
127.

[9] Wu HL, Huo Y Z, Han F, et al. Bioremediation using
Gracilaria chouae co-cultured with Sparus macro-
cephalus to manage the nitrogen and phosphorous bala-
nce in an IMTA system in Xiangshan Bay, China[J].
Marine Pollution Bulletin, 2015, 91(1): 272-279.

[10] Yang Z, Chen J F, Li H L, et al. Sources of nitrate in
Xiangshan Bay (China), as identified using nitrogen
and oxygen isotopes[J]. Estuarine, Coastal and Shelf
Science, 2018, 207(3): 109-118.

[11] Zhu G H, Qian J, Chen L H, et al. The Annual Variations
of Major Nutrients and Assessments about Environmental
Impacts of Xiangshan Bay East China Sea[J]. Applied
Mechanics and Materials, 2013, 316: 395-399.

[12] SKENJE, M, S8, ZILusig K s Fe 8k A

5 EFURE AT R, 2008, 27(5):
488-491.
Zhang Lixu, Jiang Xiaoshan, Cai Yanhong. Characteri-
stics of nutrient distributions and eutrophication in
seawater of the Xiangshan Harbor[J]. Marine Environ-
mental Science, 2008, 27(5): 488-491.

[13] B, ®Pik, AWM. LIBA . BEFREAR
H AR AR AT G [I]. S5 W1E, 2009, 40(2): 138-
144.
Lv Huaqing, Chang Kangmei, Shi Gangde. Circulation
and distribution of nitrogen and phosphorus in Xiang-
shan Bay, China[J]. Oceanologia et Limnologia Sinica,
2009, 40(2): 138-144.

[14] Huo Y Z, Wu H L, Chai Z Y, et al. Bioremediation effi-

18 TEPERLF 12020 4F / 5F 44 45 1 46 4 3]



[16]

[17]

[19]

[20]

BRI -

ciency of Gracilaria verrucosa for an integrated multi-
trophic aquaculture system with Pseudosciaena crocea
in Xiangshan harbor, China[J]. Aquaculture, 2012, 326-
329: 99-105.
SRR, VLSO,
WARITET]
150.

Guo Liangbo, Jiang Wensheng, Li Fengqi, et al. Envi-

2R, AF. i COD 5 AR R
- P EREEE R A, 2007, 37(2): 144-

ronmental Capacity Calculation of COD and PHs in the
Bohai Sea[J]. Journal of Ocean University of China,
2007, 37(2): 144-150.

AR, NEERE, BRESE, AR TU- S IR
VIR A R R[J]. BB S50R, 2006, 28(1):
31-34.

Yu Jing, Sun Yinglan, Zhang Yuemai, et al. Environ-

/)‘L

mental capacity assessment of pollutants in Ningbo-

Zhoushan sea area[J]. Environmental Pollution and

Control, 2006, 28(1): 31-34.

TR . VLA G AT TS Gl Wy a4 1 U R B
[D]. ¥ &: T EEERY:, 2004,

Zhang Yongsheng. A study on total amount control

planning of pollutants discharged into Xiangshan bay

of Zhejiang province[D]. Qingdao: Ocean University of

China, 2004.

Friok, EEAK, B, RIS Lok TE B 3h
RARTA). BFERE ﬂ%, 2003, 22(4): 13-17.

Li Keqiang, Wang Xiulin, Yan Ju, et al. Calculation on

environmental capacities of petroleum hydrocarbon in

Jiaozhou Bay[J]. Marine Environmental Science, 2003,

22(4): 13-17.

BRIV, AR, Bt GF SN AR R

BRI —— 3 T ARG B HREE i B R Ak (0]

PRI R, 2014, 33(2): 293-299.

Yu Yang, Peng Changsheng, Yu Lanlan, et al. Environ-

mental capacity calculation of petroleum hydrocarbons

in Laizhou Bay——The discharge optimization method

based on the nonlinear programming[J]. Marine Envi-

ronmental Science, 2014, 33(2): 293-299.

L2k, BRI, skifET, S5 BT AR 3R

S E SRR B A IR ]. R ARt R, 2016,

34(2): 304-312.

Yu Lanlan, Chen Yanli, Zhang Haining, et al. Environ-

mental capacity calculation of nutrients in the Laizhou

Bay based on the nonlinear programming[J]. Advances

Marine Sciences / Vol. 44, No. 4 / 2020

H@A RTICLE

(21]

[22]

(23]

[24]

[25]

[27]

(28]

[29] ¥

in Marine Science, 2016, 34(2): 304-312.

Hashioka T, Yamanaka Y. Seasonal and regional varia-
tions of phytoplankton groups by top-down and bot-
tom-up controls obtained by a 3-D ecosystem model[J].
Ecological Modelling, 2007, 202(1-2): 68-80.

Kishi M J, Kashiwa M, Ware D, et al. NEMURO—
introduction to a lower trophic level model for the
North Pacific marine ecosystem[J]. Ecological Modelling,
2007, 202(1-2): 12-25.

Kishi M J, Ito S I, Bernard A, et al. A review of the
NEMURO and NEMURO.FISH models and their appli-
cation to marine ecosystem investigations[J]. Journal of
Oceanography, 2011, 67(1): 3-16.

Xu P, Mao X Y, Jiang W S. Mapping tidal residual cir-
culations in the outer Xiangshan Bay using a numerical
model[J]. Journal of Marine Systems, 2016, 154: 181-191.
R R T B b X R A R 2 2 1Y B2
B TAMR R B 1 A5 30 S BB 5E [D]
g R, 2011,

Wang Yuheng. Influence of physical environment to

T

IEJ HJJ

anchovy population dynamics in the Yellow Sea a
study using individual-based ecosystem model[D]. Qingdao:
Ocean University of China, 2011.

Liang S X, Han S L, Sun Z C. Parameter optimization
method for the water quality dynamic model based on
data-driven theory [J]. Marine Pollution Bulletin, 2015,

98(1-2): 137-147.

Ae/NE . G EE RIS B A i (R L T vk
WFFE[D]. 7 & EEE R, 2017,

Sheng Xiaoxuan. Numerical simulation of Lagrangian
residual current and its observation method in Xiang-
shan Bay[D]. Qingdao: Ocean University of China, 2017.

AR, BBFH, MR, T FVCOM M4 Lk
TV W S R L 4 A R A B AR []. KB R T,

2014, 35(5): 481-488.

Han Songlin, Liang Shuxiu, Sun Zhaochen. Numerical

simulation of tides, tidal currents and temperature-sa-

linity structures in Xiangshan Bay based on FVCOM[J].

Journal of Waterway and Harbor, 2014, 35(5): 481-488.
S, WERBA, XIE. ZILMKASHRERT R[],

FE2AIESE, 2012, 30(4): 1-12.

Peng Hui, Yao Yanming, Liu Lian. Study on the features

of water exchange in Xiangshan Bay[J]. Journal of Marine

Sciences, 2012, 30(4): 1-12.

19



HRERTL » |7
H@A RTICLE

Environmental capacity assessment of dissolved inorganic ni-
trogen in the Xiangshan Bay

ZHENG Jun-yong', MAO Xin-yan', SHENG Xiao-xuan', SUN Jian-an?,
JIANG Wen-sheng®

(1. College of Oceanic and Atmospheric Sciences, Ocean University of China, Qingdao 266100, China; 2. Ningbo
Scientific Research and Design Institute of Environmental Protection, Ningbo 315012, China; 3. College of
Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China)
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Xiangshan Bay

Abstract: A three-dimensional water quality model was established to simulate the distribution of dissolved inor-
ganic nitrogen (DIN) in the Xiangshan Bay, considering 10 land-based discharge sources (including Fuxi, Yan-
gonghe, and Guojudaqi). Under the condition of water functional regionalization, the discharge optimization method
was applied to calculate the environmental capacity (EC) of DIN with the minimum DIN discharge concentration
(Rumin) getting larger. The results show that the EC of DIN in the Xiangshan Bay is 127.16~274.17 t/a. The capacity
will decrease when the R, gets larger, which means the discharge flux of DIN needs to be reduced. Moreover, ac-
cording to the reduction priority, which mainly depends on the water half-exchange time and the annual DIN dis-

charge flux, the 10 discharge sources can be divided into four levels.
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