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Fig.1 Location of the study area and sampling stations
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Table 1 Water nutrient contents in Sanmen Bay

Ang/L)

NO; NH,” NO, PO, DIN DIP

A B - - . . . o

PN P34 WH P PN 2] W T PN 2] JEH T
AR 186~1839 1075  8~263 79 34~950 603  19~386 197  108~794 511 6~126 64
. JIVERR 343~1218 727 0~32 12 133~950 344  81~181 119 81~474 281  26~59 39
i FORRSL 52~1607 866  3~1201 156 52~950 627  8~256 120 77~1586 507 3~83 39
SEHPIRSL 52~1839 914 0~1201 101  34~950 569  8~386 148 77~1586 466 3~126 48
EHE 105~191 156 0~140 32 181~950 831 56~176 129 79~439 313 18~58 42
i 63~124 90 0~68 17 181~950 528  56~107 89 79~357 194  18~35 29
ez e K IE 93~130 117 3~134 88 153~950 751  71~150 116 67~421 324  23~49 38
TG 30~79 61 0~6 4 82~155 110  96~141 123 43~68 51 31~46 40
SELPIR I 30~191 109 0~140 28 23~950 511  56~180 113 0~439 233 18~59 37
KAFEM 0~281 74 6~95 59 29~78 46 1~6 3 20~100 77 0~2 1

J£: DIN=NO; -N+NO, -N+NH;"-N; DIP=PO,” -P;

g B K PR BE T, NO; L NH,'\ NO, | PO,
DIN I DIP (¥ i 430 24 30~191, 0~ 140, 23~
950, 56~180., 0~439 F1 18~59 ug/L, F-II{H 73 5
9109, 28, 511, 113, 233 Fl1 37 pg/L(F 1), Hr
I £7KGE DIN FIHE -7 DIP & i e i, SEX{E 20
R 324 F 42 pg/L, FFiliE3Ek DIN F147 /i DIP 7%

THRAR, SEIE A5 51 1 29 pg/L, FrA # I h A
R TR KA TR Bl o R R A XA T K AR A e
553 Pt YL TS0 AN 3 AT LA B K 7 SR B AL, dndg 25
IKIE RGP . AT K R MR, B FRdh A
K, JCIH AR LR (& 2) o

KA RIU KL NO; . NH, L NO,
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Table 2 Nutrient content survey data from autumn surface seawater survey in Sanmen Bay from 1987 to 2019
Ang/L)
Fhy F NO; -N NO, -N NH, -N DIN DIP %1%
. 3t Bl 164.6~222 42~63 2.8~16.2 183~237.3 22.6~53.3
ES
FIE 191.045 5.445 8.925 205.425 39.05
- St 202.4~262.8 9.2~13.9 9.9~19.9 227.4~286.6 17.4~26.7
FHE 223.8 11.333 13.9333 249.067 21 "
1987 . o [ Y 76 58 L WY
- PiENGe| 279.9~311.5 1.6~2.9 8~20.9 302.6~322.4 12.3~30.4
*‘
FIME 291.367 2.1 16.367 310 18.4
- St 179.2~298.9 1.8~52 5~252 20.14~32.77 16.1~12.71
) FIME 224.7 3.9 14.275 246.9 54.725
- PleA i / / / 166~454 7~33 —
1997 K2 5
FHE / / / 311 20
S 323~693 1~10 2~35 345~729 17~47
B .
FHE 454 4 11 468 26
Yt 185~369 6~26 1~45 198~439 3~30
HZE
A 302 11 8 321 21
Yt 529~641 3~15 4~32 552~671 23~34
2002 = . ?ﬂ%{:%[”]
FIME 588 7 12 607 30
Yt 475~602 1~4 1~15 482~617 16~28
(=S
FIME 567 2 6 575 26
Yt 185~693 1~26 1~45 198~729 3~47
EsE
A 483 6 9 497 26
PleA i 545~812 1~15 5~14 551~1102 22~25
B .
A 619 8 12 639 23
Yt 304~574 6~69 1~15 311~658 22~34
HZE
A 384 18 6 408 30
Yt 529~883 1~13 4~3]1 534~927 32~45
2007 BFE " By
A 690 3 9 702 40
Yt 469~937 1~11 7~110 477~1 058 33~41
(=S
A 680 4 21 705 38
Yt 304~937 1~69 1~110 306~1 116 22~45
EsE
A 592 8 12 0.612 33
- fiet / / / 530~803 42~53 ——
2011 K2 )
A / / / 682 48
PleA i 393~710 1~25 6~34 400~769 22~34
B .
FIME 548 9 11 568 32
Yt 258~431 10~31 5~23 273~485 18~52
HZE
FIME 354 21 13 388 35 o)
2013 . 1Bk
PENGe| 578~853 0~5 4~11 582~869 43~5]
= N
FIME 729 1 7 737 47
Yt 549~720 1~9 6~36 556~765 25~35
(=S
FIME 613 5 17 635 31
PleA 7~43 7~289 0~109 0~439 18~59
2019 = AL

A 25 155 21 233 37
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Fig.7 Salinity and nutrient content of harbor branches
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Fig.8 Distribution of autumn nutrient contents in Sanmen Bay from 1987 to 2019
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VARIATION OF NUTRIENTS IN SANMEN BAY AND
ITS RESPONSE TO HUMAN ACTIVITIES

. 1,2 . 1.2 1.2 12 .12 . 1% 1
LIU Xiaofeng ~, DUAN Xiaoyong ~, TIAN Yuan ~, CAO Ke ~, GAO Fei *, YIN Ping ~ , LIU Dongyan
(1 Ocean University of China, Qingdao 266100, China; 2 Qingdao institute of Marine Geology, China Geological Survey, Qingdao 266071, China)

Abstract: Some key gulfs in China are facing eutrophication related to terrigenous input and human activities.
The weak hydrodynamics of the gulf brings about more serious challenges to the water management organizations.
In recent years, many projects have been lunched in Zhejiang province to improve the water environment of gulfs.
As the result, water qualities are significantly improved. Sanmen Bay, the second largest in the province has been
a key research object of nutrition survey for almost 30 years. Based on the monitoring data in the past 30 years and
the joint survey results conducted in September 2019, acquired are 54 samples from river basins, 30 samples from
sea water and 6 samples from precipitation. All the samples are analyzed for nutrient contents, such as NO; and
NO, , NH,, PO437. Based on the results and the spatial distribution patterns of the nutrients in the bay, the
influence factors on the nutrient spatial distribution patterns are revealed, especially the long-term changes of
nutrients and their response to human activities. At present, the eutrophication problem remains prominent in
Sanmen Bay. The contents of DIN and DIP in the sea sample range from 0 to 439 pg/L and from 18 to 59 pg/L,
with an average of 233 pg/L and 37 pg/L, respectively. The contents of DIN and DIP in the river sample range
from 77 to 1 586 ug/L and from 3 to 126 pg/L, with an average of 466 pg/L and 48 ng/L, respectively. The
contents of nitrogen and phosphorus increased from the upstream to the downstream. Agriculture has great
influences on NH4+—N and NO; -N, while urban living and industrial production have great influences on NH, -N,
NO, -N and DIP. The high values of nitrogen and phosphorus in the bay were mainly distributed at the head of the
bay and the entrance to the sea where water exchanges are rather weak. The nutrient concentration shows a
decreasing trend from the high values nearshore to the low value offshore. The mariculture was the main
contributor of nutrients to the environment nearshore. During the period of 1987-2007, Sanmen Bay suffered a
continuous increase in water nutrients. After 2010, with the enforcement of marine and land ecological
environmental management policies, DIN and DIP have showed an obvious decreasing trend, and the water
environment of the bay is greatly improved.

Key words: Sanmen Bay; nutrient; human activity; land use; DIN; DIP
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