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Fig. 2 The horizontal distribution of TN in different seasons (g/Kg)

Marine Sciences / Vol. 40, No. 3 /2016



e IRkE REPOATS

22 TP /3\'%\% Bj"fi”}[/ﬁ(, (P>0.05), 0.43~0.58 g/kg(  2),
(0.49+0.12) g/kg
TP 0.11~1.08 g/kg, TP
(0.56+0.26) g/kg TP (P<0.01), TP
(P<0.05), TP ( 3)
(0.75+0.55) g/kg; 3 , (0.87+0.21) g/kg,
K2 BHHREBEENETTWL
Tab.2 Temporal variations in the content of TP in each functional area
(g/kg)
0.66+0.11 1.08+0.11 0.68+0.04 0.79+0.20
0.49+0.07 0.82+0.06 0.62+0.13 0.58+0.07
0.34+0.13 0.64+0.18 0.48+0.14 0.53+0.11
0.20+0.08 0.27+0.01 0.13+0.03 0.41+0.20
0.43+0.19 0.75+0.55 0.48+0.24 0.58+0.15
N N
26.86° 26.86°
26.83° 26.83°
26.80° 26.80°
26.77° 26.77°
26.74° ® 0.14~025| 26.74° ® 0.27~1.05
@® 0.25-039 ® 1.05-1.27
26.71° @ 039-047| 56750 @ 127-1.44
@ 0.47~0.57 @ 144~158
0.57~0.74 @ 158159
T BV AT e S hd 26.68°
119.72° 119.75° 119.78° 119.81° 119.84°E 119.72° 119.75° 119.78° 119.81° 119.84°E
N M
26.86° 26.86°
26.83° 26.83°
26.80° 26.80°
26.77° 26.77°
26.74° ® 0.09~0.29 | 26.74° ® 025049
® 0.29-0.48 ® 0.49~0.54
26.71° @ 0.48~0.63| .0 @ 0.54~0.63
@ 0.63-0.71 3 @ 0.63-0.67
0.71~0.73 0.67~0.94
S B SR = % on SO S LV /=Y . S
119.72°  119.76°  119.80° 119.84° E 119.72° 119.75° 119.78° 119.81° 119.84°E

80

3

(g/kg)

Fig. 3 The horizontal distribution of TP in different seasons (g/kg)

/2016

/40

/3




e IRkE REPOATS

4 1.08 g/kg;
TP 15%
TP ,
5 TP 6
TP
, , 1 TP
23.45%

23 OCAEWEETA
OC

1 oC ,

0.82) g/kg; OC 9
14.7 g/kg oC
(10.13+3.40) g/kg, (10.05+4.45) g/kg

(9.51+4.59) g/kg, oC
, (1.62+2.64) g/kg
oC
32%
4 7.82~12.32 g/kg
, 1.00~3.12 g/kg(  4)

(1.50+

3 oC 1.00~14.71 g/kg, OC/N
(8.26+3.78) g/kg 3 OC/N
ocC (P<0.05), OC , 8.4~10.3 , 8.9+0.6,
(5.7442.04) g/kg; 3 ,
(P>0.05), 7.24-9.49 g/kg, R R
(8.48+0.45) g/kg
x3 BURXANKRIENFTTHLL
Tab.3 Temporal variations in the content of OC in each functional area
(g/kg)
8.95+0.37 10.83+0.28 10.48+0.29 9.95+0.36
8.14£1.13 12.32+3.39 8.43£1.54 11.61+1.36
7.82+0.46 10.75+1.15 8.61+£2.29 10.28+1.16
1.50+0.25 1.00+0.01 1.44+0.85 3.12+1.94
5.74+2.04 8.72+5.20 7.24+3.97 9.4942.35
2.4 AWK T ERIFHN TN 0.25~2.53 4
67% 81% 80 %
TN TP 4 s 90%, s
£ 4 AR TN TP BB EFiTRIEH(P)
Tab. 4 Single factor pollution indices of nitrogen and phosphorus in sediment(P;)
PN Prp
1 0.25 0.33 0.42 0.63 0.43 0.45 0.38 0.45
2 0.49 0.58 0.62 1.69 0.25 0.45 0.25 0.91
3 1.86 2.53 2.42 2.21 0.95 2.40 1.09 1.08
4 1.01 2.49 2.25 1.78 0.77 2.63 1.19 1.68
5 0.47 2.40 1.02 1.83 0.48 2.40 0.49 0.91
6 1.21 2.36 1.35 1.69 0.79 2.33 0.78 0.82
7 0.74 2.04 1.75 1.22 0.92 2.33 1.21 1.68
8 1.03 1.42 2.27 1.62 0.66 1.75 1.06 0.97
9 1.22 2.07 1.98 2.15 0.90 1.93 0.95 1.06
10 1.78 2.16 1.51 1.90 0.75 2.12 1.05 0.89
67% 81% 80% 90% 35% 80% 40% 51%

Marine Sciences / Vol. 40, No. 3 /2016

81



e IRkE REPOATS

N N ”
RS
26.86° 26.86°
26.83° 26.83°
26.80° 26.80°
26.77° 26.77°
® 1.49-426
26.74° @ 426~723 | 26.74° ® 0.99~9.32
10.6~11.1
26.71°F _ 26.71° ®
C : 8.81~9.31 C @121
9.31~9.96 12.1~14.7
YT LR =1 o SO PP LS 4 ¥ . S
119.72° 119.75° 119.78° 119.81° 119.84°E 119.72° 119.75° 119.78° 119.81° 119.84° E
s N aw
26.86° 26.86°
26.83° 26.83°
26.80° 26.80°
26.77° 26.77°
26.74° ® 084-518| 26.74° ® 4.74~8.83
@ 5.18-8.11 @ 8.83~10.2
26710 @ 81-101| .o @ 102-105
3 @ 10.1~107 @i05-116
10.7~11.1 11.6~12.6
119.72° 119.75° 119.78° 119.81° 119.84°E 119.72° 119.75° 119.78° 119.81° 119.84° E
4 (g/kg)

Fig. 4 The horizontal distribution of OC in different seasons (g/kg)

TP 0.18~2.63, 4 ,
35% 80% 40% 51%, [t
, TP
TN , [15]
oC 1, ,
oC , , ,
L TN TP
3 ‘I«‘hfﬁ [12]
NOI 3.47~7.32
, TN 0.47 g/kg, )
TP 0.42 g/kg!'¥ , ,
OC/N

82 /2016 / 40 / 3



e IRkE REPOATS

[16] [17]

30%,
[18-19]
400 m,
[20]
211 Kuatsky N
200 m? 10
19.3 122
[23]
[24]
[25]
3.2 m/s, s
[26]
pH DO
[27]

(Integrated Multi-trophic
Aquaculture, IMTA)

> >

Chopin  [*¥

46%, 50%

[29]

[30-31]
4 Hp
TN TP OC
(1) TN TP 0.15~
1.39 g/kg  0.11~1.08 g/kg, 4
) 4 0C ,
(8.26+3.78) g/kg OC/N 10,

3)

[D].
( ), 2003.

Li Xiaoxia. Forms of nitrogen in different grain size
sediments and its functions in biogeochemical cycling
of the Yellow Sea[D]. Beijing: University of Chinese
Academy of Sciences (Chinese Academy of Sciences
Institute of Oceanography), 2003.

Cahoon L B, Nearhoof J E, Tilton C L. Sediment grain
size effect on benthicmicroalgal biomass in shallow
aquatic ecosystems[J]. Estuaries, 1999, 22 (3B): 735-
741.

Marine Sciences / Vol. 40, No. 3 /2016 83



[10]

[11]

[12]

84

e IRkE REPOATS

Turley C M. Bacteria in the cold deep-sea benthic
boundary layerand sediment-water interface of theNE-
Atlantic[J]. FEMS Microbiology Ecology, 2000, 33:
89-99.

[J1. , 2013, 08(3): 285-294.
Zhong Wenjue, Zeng Yi, Zhu Lingyan. Current research

status of sediment quality criteria[J]. Asian Journal of
Ecotoxicology, 2013, 08(3): 285-294.

H 5 >

[J].
, 2008, 28(1): 37-43.

Wang Shengrui, Jiao Lixin, Jin Xiangcan, et al. Distri-
bution of total exchangeable and fixed nitrogen in the
sediments from shallow lakes in the middle and lower
reaches of the Yangtze River[J].Acta Scientiae Circum
stantiae, 2008, 28(1): 37-43.

, . [J1.
, 2004, 15(3): 532-536.
Xu Yongjian, Qian Lumin. Impacts of cage culture on
marine environment[J]. Chinese Journal of Applied
Ecology, 2004, 15(3): 532-536.
Sarg, Scilipoti D, Mazzola A, et al. Effects of fish
farming waste to sedimentaryand particulate organic
matter in a southernMediterranean area(Gulf of Cas-
tellammare, Sicily): a multiple stable sotopestudy (**C
and"*N)[J]. Aquaculture, 2004, 234: 199-213.

- [J].
, 2010, 29(12): 2413-2419.
Jiang Zengjie, Fang Jianguang, Mao Yuze, et al. Diffu-
sion fluxes of dissolved inorganic nitrogen and phos-
phorus across sediment-water interface in Nansha

aquaculture area, China[J]. Journal of Agro-Environment
Science, 2010, 29(12): 2413-2419.

[D]. , 2008.
Fang Yueying. Relationship between eutrophication and
the occurrences of red tide in red tide-monitoring area
of Sandu Bay[D]. Fujian Normal University, 2008.
(. ,2011, 35(9): 112-118.

Zeng Zhinan, Ning Yue. History, status and future of
oyster culture in Fujian China[J]. Marine Sciences,
2011, 35(09): 112-118.

5 5

] (
96-98.
Ye Haitao, Wang Yigang, Cao Bing. Tidal prism of
Sansha Bay and its water exchange with the open sea[J].
2007, 35(1): 96-98.

), 2007, 35(1):

s > b}

[1]. , 2014,

/2016

/

[14]

[16]

[18]

[22]

40

23(4): 582-587.
Hu Ming, Wei Zhangliang, Han Hongbin, et al. The
survey and assessment of water environmental quality
in the mariculture area in the enclosed Sansha Bay[J].
Journal of Shanghai Ocean University, 2014, 23(4):
582-587.

[J1. , 2000, 21(3): 16-18, 46.
Xu Hengzhen, Zhou Chuanguang, Ma Yongan, et al.
Environmental quality of deposits in offshore zone of
China[J]. Environmental Protection in Transportation,
2000, 21(3): 16-18, 46.

[ ,2003, 22(4): 21-24.
Wang Juying, Ma Deyi, Bao Yongen, et al. Evaluation on

sediment quality in Yellow Sea and East China Seal[J].
Marine Environmental Science, 2003, 22(4): 21-24.

[ , 2002, 21(2): 74-79.

Shu Tingfei, Luo Lin, Wen Yanmao. Effects of

mariculture on coastal ecological environment[J]. Ma-

rine Environmental Science, 2002, 21(2): 74-79.

Ye L, Ritz D A, Fenton G E, et al. Tracing the influence

on sediments of organicwaste from a salmonid farm

using stable isotope analysis[J]. Journal of Experimen-

tal Marine Biology and Ecology, 1991. 145, 161-174.
[J1. , 2003, 27(2):

77-81.

Wang Zhaoding, Peng Yunhui, Sun Lihua, et al.

Secf-pollution and eutrophication in area of fish

cage-farming in Dapengao Cave[J]. Marine Sciences,

2003, 27(2): 77-81.

Hall P O J, Anderson L G, Holby O, et al. Chemical flux

and mass balances in a marine fish cage farm [ . Car-

bon[J]. Marine Ecology Progress Series, 1990, 61,

61-73.

Holby O, Hall P O J. Chemical flux and mass balances

in a marine fish cage farm II. Phosphorus [J]. Marine

Ecology Progress Series, 1991, 70: 263-272.

s s >

[J]. » 2012,
19(2): 348-354.

Jiang Zengjie, Fang Jianguang, Mao Yuze, et al. Identi-
fication of aquaculture-derived organic matter in the
sediment associated with coastal fish farming[J]. Jour-

nal of Fishery Sciences of China, 2012, 19(2): 348-354.
[J1. , 2003, 27(2): 23-26.

Zhou Yi, Yang Hongsheng, Zhang Fusui. Biodeposition
by seawater bivalve mollusk[J]. Marine Sciences, 2003,
27(2): 23-26.

Kautsky N, Evans S. Role of biodeposition by Myti-
lusedulisin the circulation of matter and nutrients in a
Baltic coastal ecosystem[J]. Mar Ecol Prog Ser,

/3



e IRkE REPOATS

1987(38): 201-212. Chinese marginal seas and the analysis of the key in-
[23] . fluence factor[J]. Marine Sciences, 2008, 32(3): 83-90.
[]. , 2010, 25(6): 11-15. [27] ; ; ;
Lin Yongtian. Preliminary Study on Relationship be- R , 2011,
tween Red Tide Species and Physical and Chemical 24(6): 673-678.
Factors in Sansha Bay[J]. Modern Fisheries Informa- Pan Qikun, Luo Zhuanxi, Qiu Zhaozheng, et al. Distri-
tion, 2010, 25(6): 11-15. bution Characteristics of Nitrogen Forms in Surface
[24] Fanning K A, Carder K L, Betzer P R. Sediment resus- Sediments of Jiulongjiang Estuary Wetland[J]. Re-
pension by coastal waters: a potential mechanism for search of Environmental Sciences, 2011, 24(6): 673-
nutrient re-cycling on the ocean’s margins[J]. Deep Sea 678.
Research. 1982, 29: 953-965. [28] Chopin T, Buschmann A H, Halling C, et al. Integrating
[25] , , , . seaweeds into marine aquaculture systems: A key to-
[7]. ( ), ward sustainability[J]. Journal of Phycology, 2001,

37(6): 975-986.

[29] Lefebvre S, Barilléb L, Clerca M. Pacific oyster
(Crassostrea gigas) feeding responses to a fish-farm
effluent[J]. Aquaculture, 2000, 187(1-2): 185-198.

[30] Vandemeulen H, Gordin H. A mmonium uptake using
Ulva (Chlorophyta) in intensive fishpond systems: mass

2004, 31(5): 595-600.

Weng Huanxin, Chen Lihong, Lou Zhushan, et al. Po-
tential harm of coastal sedimentary nutrient in inducing
red tide[J]. Journal of Zhejiang University (Science
Edition), 2004, 31(5): 595-600.

[26] ’ ’ > culture and t treatment of effluent[J]. J Appl Phycol,
[J1. , 2008, 1990, 2: 363-374.
32(3): 83-90. [31] Neori A, Cohen I, Gordin H. Ulva lactucabiofilters for
Gao Xuelu, Song Jinming, Li Xuegang, et al. A review marine fishpond effluents: II. Growth rate, yield and C:
of the major progress on carbon cycle researches in the N ratio[J]. Bot Mar, 1991, 34: 483-489.

The content of carbon, nitrogen and phosphorus in the surface
sediment at the mariculture area in the enclosed Sansha Bay
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Abstract: An investigation has been carried out into the environmental quality of sediment in the enclosed Yantian
bay, located inside the Sansha Bay, from August 2012 to July 2013. Testing was carried out at ten sampling sites,
which were evenly distributed in different mariculture functional areas, during four different research trips. The
single factor contaminant index (P;) methodology was used to evaluate the environmental quality of sediment. The
results showed that the concentration of total nitrogen (TN), total phosphorus (TP) and organic carbon (OC) varied
significantly between different seasons (P<0.05). The concentration of TN ranged from 0.15 to 1.39 g/Kg and the con-
centration of TP ranged between 0.11 to 1.08 g/Kg. The concentration of OC was in the range of 1.00 to 14.71 g/Kg with
an average value of (8.26+3.78) g/Kg, and was found to be the highest in the oyster aquaculture area. The OC con-
centration in the macro-algae aquaculture area was lower than in the fish cage area, but higher than that in the con-

trol area. The P;of TN was 1.23, 1.84, 1.56 and 1.67 in spring, summer, autumn and winter, respectively. The con-
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centration of TN in the sediment exceeded the first class standard for marine sediment quality for fisheries in China
by 67 %, 81 %, 80 % and 90 % in every season. The P;of TP ranged from 0.18 to 2.63 during the period of study.
Based on the P;result, the concentration of TP exceeded the first class standard for marine sediment quality for
fisheries in China by 35 %, 80 %, 40 % and 51 % in spring, summer, autumn and winter, respectively. For all four
seasons, the concentration of OC was lower than the first class standard for marine sediment quality for fisheries in
China. The results detailed in this study indicate that the poor hydrological exchange and mariculture, especially the
cage fish farming, have heavily polluted the sediment environment in the Yantian bay. The spatiotemporal change of
TN, TP and OC appeared to be related to the mariculture mode. Macro-algae showed high bioextraction efficiencies
with nutrients and were able to balance the nutrient produced by marine aquatic animal farming in an Integrated

Multi-trophic Aquaculture (IMTA) system.
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