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Abstract: Based on the 2019 seasonal survey data of seawater nutrients, this study analyzed the concentration
characteristics and spatial distribution patterns of nutrients, and assessed the limiting effects of nitrogen, phosphorus,
and silicon nutrients on phytoplankton growth in the study area. The results indicated that nitrate nitrogen ( NO;—N )
was the dominant component of dissolved inorganic nitrogen ( DIN ), followed by ammonium nitrogen ( NH,'-N ),
while nitrite nitrogen ( NO, =N ) had the lowest concentration. The DIN concentration in winter was significantly
higher than that in other seasons. For phosphate phosphorus ( PO, —P ), its concentrations in summer and autumn
were higher than those in spring and winter, with the minimum concentration recorded in winter; The concentration

of silicate silicon ( SiO,""=Si) in summer and autumn was significantly lower than that in spring and winter. In terms
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of spatial distribution, the high-concentration zones of DIN, PO;’—P, and SiO32’—Si across different seasons were

mainly distributed in the nearshore area, the outer entrance of Rushan Bay, and the offshore region 10 ~ 15 km from

the shore, with concentrations exhibiting a decreasing trend from nearshore to offshore areas. Analysis of

nutrient potential limitation revealed that the coastal waters of Haiyang were basically oligotrophic, except for

being moderately phosphorus-limited in winter. This study systematically elaborated on the spatial distribution

characteristics and potential limiting effects of nutrients in the coastal waters of Haiyang, providing fundamental data

support for water quality monitoring and management in this sea area.
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Table1 Proportion of NO; -N, NO, -N, and NH, -N concentrations
in the coastal waters of Haiyang in four seasons

%

T wF HZ T &%

NO;-N 95(78 ~98) 83(47~99) 65(9~85) 79(28~95)

NO,-N 2(0~19) 6(1~25) 3(1~11) 10 (1 ~65)

NH,-N 3 (0~13) 11(0~50) 32(13~83) 11(0~11)
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Table 2 Comparison with the survey results of coastal waters

mg/L
FE " &S £Z
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DIN PO, P SiO-Si DIN PO, -P  SiO,"-Si DIN PO, P  SiO,"-Si DIN PO, P  SiO,"-Si
LT
0.110 0.003 0.190 0.100 0.007 0.470 0.190 0.007 0.290 0.220 0.013 0.210
(2015 4F)
R
0.203 0.010 — 0.210 0.012 0.196 0.012 — — — —
(2013 4F)
R e
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(2006—2007 4E )
e s
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Table3 Diagnostic criteria for single-nutrient (N, P, or Si) limitation

B PR K TCHUE TR ERAE Ay 2 — BRI 81 10 4 o v
DIN N/P < 10 H Si/N > 1, Cpy < 1 umol/L

PO -P Si/P >22, HN/P>22, C, < 0.1 pmol/L
Si0,-Si Si/P < 10 AL Si/N < 1, C; < 2 pmol/L

TR FT VA 7K A T 9 A0 A 7 g PR AR R B
G5 (R 4) KF, R DY Z o AR A i T R
AOARS R APIRAS . AR o, WERIZZ A0
7 5 P A9 Ze BRI (C, < 0.1 pmol/L ), UHZE
AN . FFRIZE 49 Db AT 20 Dok
i &2 49 DU PAT 27 AU, X i PF i
PP 0 AR B 32 31— B A B A

x4 EFHRHETFHEER

Table 4 Determination results of the nutrient limiting factor

F4 N/P Si/N Si/p ADSIRBIE T Zdaxd PR fL (C, < 0.1 pmol/L)
HF 13.42 ~ 467.86(95.84)  0.41 ~ 6.03 (2.13) 33.95 ~ 750.00 (179.05) PO,-P 20 (41% )

RS 8.48 ~ 261.40 (65.53)  0.33 ~ 526 (1.35) 16.89 ~ 197.81 (55.92) PO,-P 11 (22%)

& 18.18 ~ 114.25(52.85)  0.66 ~ 4.49 (1.81) 31.11 ~ 157.33 (82.48) PO,-P 4(9%)

A% 6.64 ~ 433.71(160.42)  0.66 ~ 7.41 (1.57) 40.85 ~ 393.43 (189.84) PO,-P 27 (55%)

I 455 A fE.
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Table 5 Assessment criteria of potential eutrophication

9 IR DINA pmol - L") PO,~PApmol - L")  N/P
I SR < 14.28 <0.97 8 ~ 30
] TSR 14.28 ~ 21.41 0.97 ~ 1.45 8 ~ 30
m GE-E > 21.41 > 1.45 8~ 30
IV,  BERRER SR 1428 ~21.41 — > 30
W AR BRI
v, > 21.41 — 30 ~ 60
HEER
TR e &
VI, ) > 21.41 — > 60
R
IV SRS — 0.97 ~ 1.45 <38
AP BRI v £
Vi o — > 1.45 4~8
HEER
R &
VI — > 1.45 <4

B

T B Vi K MR PR AR B SR PPN SR R, X
SR AL T HUE SR BRI B SR (R 6). |
AT 7 A SR ) 2 IR A L e PR A R A 2
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SIS, JRIZESFRIBRPAATIERIE, BEAN TSR U
T FE, IR BEIT 2 5 AN S 4 . Z 0 kil
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Table 6 Assessment of potential eutrophication

% DIN/ PO, P/ SiO—Si/
N/P SN  SilP  EFEg

A (pmol - L") (pmol - L) (pmol - L)

e
1243 021 22,60 9584 213 179.05 FEIR
Z
-1 s
12.50 0.26 10.66 6553 135 5592 HREIR
§
Fk .
1197 0.26 18.97 5285 181 8248 FHEIR
7
PR
%
5 1832 0.17 2212 16042 157 189.84 i
4 HEig

(1) FEZET AR AR AR J5 10, 15 BH I 36 3R 2 7K AR
o DIN Y EBAF7EE 208 NO, =N, HRJE NH,'-N
FINO, =N, A0 A5 g3 12 F DIN it 5 % ¥ %
w, T HAL 3 MR . ERE PO, P
R TR, £AFRZE PO P IRE R,
H A Z Sio -Si i m Wk E W K FAHFR.
FEERRY, WGHEGHA R E RN G’ E5IEFE
s SIS FE . Bl LR A L M IR DL A L A
fiff T TR 2l R G o

(2) fEZS [ A A FefE 771, A ZE95, DIN,
PO, "-P. SiO;*-Si Jii & ik BF 4 W g & fh 3T 52 o) i
FEib IR, S E X R E AR R, 3L
W T TR R B R 10 ~ 15 km X 5. 1 BH 7 B 4
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A5 R R AR IR X, FRAE R h A B0 i SRR ER I ER T 0.010 mg/L, SR E 4R Bk 3h &
B FRFEYI R HEME Y, 2wk b R BERERY EOR R R R R 2 (ELE MOR T AR BR U Sl iR AN R
e AU T, BRSBAEREREXSGSA A TEES.

B 1 BRSO R AE IR A X A K IR A (4 ) B Ir 3R AT A6 BR ) 44 23 B 2 I T B T 114
X T K K T AR ) e B B R REANT IR X0 T o R

(3) TEAFBRALFRAE TS T, DR IXIGRZ TN B IR Pl P w6 4y A AT A7 28 B kK AR e

A HTE0.160 ~ 0.260 mg/L Z[A], BEALA K ; T RIS LA
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