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Fig.1 Location of the study area and distribution of the eastern coastal current in summer (a) and

deployment of the stations (b)
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Table 4 Station statistics of nutrient limitation of surface
seawater in the study area
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DIN FiI DIP [ SRR 5 Ye i hy ", 2 LTS 4
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2.6 EFEFWITMER

A58 R B E RS B A X A 20
AL HEAT T VA, HE B SRR WA 6 fis .
SERERW, Z X E B RS EAN T 0.50~44.82,
F-H{E R 10.87412.03, FBIZ X AL T ™ & 1Y 5
BERRE . ARSCHAR X & 8 F K175
g E<1, WARE EFAL | <E<3, WREEEE
b 3<E<9 W EEEFRM; E>9 NEHEEER
oo BEFHME A 8 A Uhr E Y >9, bk
ST 40%, FRBABUMN T P K SAh 7 5 1 5 7 AR
FEIK-5 30% Ry JEA AL E (G T 3~9, AP ER
EIRALKF, BT 1 4R g 3 i A L -8 L -
LK 35 & Pl 20% s 2 B B B SR 0K, T
PEAE X AR R T T L 81 S BRHI 5 10% o347 Sl
BB AR, 07 F ARG S #s) 5 fHE

Rt TR R EE R SR 3 R
HEAT A AT, I RS F STk, AR SCRH E HIL W
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Fig.6 Distribution characteristics of surface seawater £ value
in the study area

B, R EOAAE X EEFRE E T, COD Tk
B, b Hh 44.47%~ 45.36%; DIN ik Rk Z,
i H R 28.55%~41.92%; DIP STk R /)N, i bl
7.45%~17.92%, {545 COD V-2 5Tk & e T,
DIN V¥ BTk % 5 18 N 471, DIP P STk LT
VBN (EARER I E, BRI 15 Y8 BOL X
7 X FRJZ WK COD AN 45 1 /R A HLTE YA i,
ETCIE R T PRS2 15 4, COD A & 8 FR Ak il ik
Bt K o 3K A RRIZ M J7 A AN R FN o 05 22 5 BT
;T g 518 A X [A]—34 47 /) COD., DIN F1 DIP
AEX P LS R R B SRR A T RE I
B COD (5 AR A 3 7, TG #7651 22 B
PRI . SRR, WA XA E SRR 2
BV N = T AN AR AR AR ket Bt
PRV P AU S S VAR BT R R R ™ Y
X3,

3 e

31 EFIIRAHSIEER

J# 4 X DIN, PO,-P 5 SiO,-Si & & 5 5 1 [A]
AR A R )X L & PR, 7E LA 4 T DIN 5

*7 AERXREE/K COD.DIN F DIP X} E [HHI AR
Table 7 Contribution rate of COD, DIN and DIP of surface seawater in the study area to £ value
WA X DA HH I Ef8 Ecop/% Epn/% Epp/%
. ARG 0.50~44.82 44.47~45.36 28.55~41.92 7.45~17.92
A X 20 - o
- IAE & ARl 2 10.87+12.03 49274424 35.66+3.04 15.08+2.92
A A AY, G 4.84~44.82 44.47~51.46 32.06~38.53 16.16~17.92
JRALMS
TP + bR 2 21.73+12.71 4729+2.15 35.81+2.04 16.89+0.69
- A 0.50~9.38 0.45~0.61 0.29~0.42 0.07~0.17
U4 12 o
T + bR 2 3.63+2.45 50.58+4.84 35.55+3.64 13.86+3.23
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Table 8 Summary and comparison of historical data on nutrients, COD, and E values in the study area

T FE 5 X A7 B AR ) A7 IR ) fE UG Hds KR

2 20014EH 68.77 10.71~501.14 SCHR[20]

£ 20064FH 2 54.42 0.30~145.41 SCHR[17]

DIN/Cpmol/L) & 20154FH 97.14 34.29~155.7 SCHR[44]
B 20154EH % 101.67 - k(2]

20224FH = 29.72 8.07~52.06 I

20014EH 7 5.06 0.32~5.55 SCHR[20]

200645 2= 1.01 0.03~1.94 SCHR[17]

PO,P/(umol/L) & F 20154 H 7 5.16 1.19~33.23 SCHR[44]
20154FH 2 1.6 - SCHR[22]

20224F H 7= 1.66 0.57~2.62 b NI

200145 Z - - SCHR[20]

20064 H 7 41.89 1.11~96.27 SCHR[17]

Si0,Si/(umol/L) il E 20154EH 7 - - CHR[44]
2015 H - - 3CHR[22]

20224F H 41.85 7.62~64.59 AW

20014EH 7 245 0.39~6.68 SCHR[20]

200645 7 - - SCHR[17]

COD/(mg/L) ] I 20154FH 2 1.87 0.56~3.18 SCHR[44]
2015 H % - - Ciik[22]

20224FH 1.71 0.62~5.36 K

20014FH ZF 21.7 5.90~90.00 SCHR[20]

20065EH % SCHR[17]

EfH 6] b 20154EH = 58.3 8.00~445.00 SCHR[44]
20154FH 2 CHR[22]

20224 H & 10.87 0.50~44.82 AT

Ve -7 FR SR AR SR A A DS T S A X 5 30°00—31°00'N. 121°00—123°00'E"”, 29°30—31°00'N. 120°30'—122°30' E*”,
30°12—30°48'N, 120°54'—122°00"' E¥*, 29°54"—30°00" N, 121°00'—122°30' E*/,

PO,-P - ¥4 {8 78 4k 48 [l 43 51 O 54.42~101.67 .
1.01~5.16 umol, M L2, A2 FF il DIN ~F-
1 (29.72 pmol) TPy s [Rl 17K -5 PO,-P [ 52
[Fi) 307 0 285 00 S 389 1 E A R4 03 sh AR, AR IR
Fr il PO4-P ~F 44 % & (1.66 umol/L) fik T 2001 4F
(5.06 umol/L) . 5 F 2006 4F(1.01 umol/L) Iy ¥ [
WK, SBREA %2015 48 R R AT
AJHA Si05-Si FHIH(41.85 pmol/L) 55 A s e
2006 4F i Si05-Si V-1 & S AARW) 5

P4 X & 2 NO;-N., PO,-P I SiO5-Si 25 [f] 43
ATRFAEY R PR = TR 38 L 3R T, =
S T PR R A A A K A A e I T
W, Z X IR R A K i S R S R I
A, AT A X R &R 53 0 437 7 DIN/P, Si/P #ll
Si/DIN HAEFEIT 8RS P AN Si A BR P b i
{8, 3X AT RE S22 BRI A A | SV R S 17
YIRS S R LR B S5 2R . — 7 TH, #or e &

YN R R 0T ok ™ S04 L b
ViEE IR 40 T I BRI T IR K M S BRI 2 1
EHER Y S NOs-N. PO,-P I SiO4-Si 1552
bR IS AN, ISR R E i (Chla
SEXHEFEA A 3.01 mg/L) W, 75 N IR I AE ) A= )
AR, XS N E IR IR I FEVE AT B . TR, B
VL REA A DN PSR TS iR SE30 IS S P I N LY
AN ], AR Tk b m Ry i L R
TSRO S B R P ) B R AR AR BTSN,
P RERE IR R T L AT I R 5 VS I I A R
RS AR RS SN K POt R . Sy — T, U
AMEAE JLAL I 2 2 L X (EL An i A X AR 38 Chl a
SRR 6.87~12.92 mg/m’), FHIVRIEY AW
R, KRR R AR R A T B LY
B, SEURA XA E SR A I,

1 DIN 253", NO3-N, NO,-N #l NH,-N &
FREh SRS (8] S0 A RRAE 22 5 B B, X ] RE S AZ 7R
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TR YIRS EN K B A L N AR S
sEg R4S, CONWAY ™Y 545 i, 75
DIN 1 NH,-N fL5eti i WAty e o 28 385 3,
i AR R Z MK PR BE RS, FRATHOBE TR h i & 30
T RIS . SRR SR S NH,-N & 57
RS ALK, A AE B4 3 i (Chl @ > 5.00
mg/m’; NH;-N<<1.50 umol/L) A5 S B . I
b, SUZUKI %% 5 JETTEN % I CRF58 £,
FE R AT R Z KPS LA B HE NH,-N 5
NO,-N 4k} NO;-N, 55 NH,-N 5 NO,-N fif 1
TR, X S5ZRMF5EH NH,-N, NO,-N & {E X AL
FETS 2R 7K 36 7 R 58 55 55 1X 35k HH B0 A% B G2 AH )
G FJZMK T NOs-N, NH,-N Fl NO,-N =AY
L5 N WAL AA %, L1 4 gyBrseds Sk,
N Z UL NO-NIESFAE TR EZ h, X 5iHAX
2K NO-N fEF AL DIN Ay B4 53 12518
M—2 54, B2 m iR AR IR &2
PR 2K NH,-N W

3.2 MERFRAHZIWER

PEAT X Chl a 25 8 %S Al A FRAE R B P
TR VG . T 41 7S TV A A 4 A R, X 5 ]
T F WANG %5 SN - 1L g (i
LR PR IA B, AKX 34 Chla &
(B X AR LT A6 . PSR B RIS A1 7R R 3,
BT R S22 B & T IR EE R T ek A i S A A

MR R T LR Chl a 23 A I R £,
ARBIFGE 530 A DX PG CHLME P ) (3 9) FILARHR
(FLINIE M) (4 10) By Chl @ 538525, COD il
B IR ERIEAT Pearson FHIEHESIHT

P X PUHE Chl a AHOCHES 45 R oK, Chl a
5 S, pH. SPM. i# W] IR EE S 40R DIN DU SCE 3+
T E A CHE; Chla 5 T 28 fUAH ¢
(r=-0.773, p<<0.05) , FLJFEPRUZAT N 75 = 11 A fili, V25
PIZKIR <10 m, ZKIR3Z 00 . I Fili M i 5 R 45
sk E; B 2R Z/KIETHE B Chl o fiefk
A IR BE DX i, HAE K FI R Y, Chla 5
PO,-P. Si0;-Si 2 %5% [ 1E A1 X (7=0.806, p<<0.05;
r=0.732, p<<0.05), 5 DIN FHMEA B 25, R P 2
BUIN S N DIN i B4 A, T PO,-P. SiO5-Si W 1] fig
IR TR A BTG S A BRI 2 . SN Chla
5 COD £ i 3 19 1IEAH Pk (7=0.888, p<<0.01), H.
COD 5 PO,-P. SiO;-Si Z [A] 34 2 #IEAH G,
COD 5 PO,-P. SiO;-Si HA MR SRIR, ik K
O UE ST L ) B W HE TS 2 DDA O TV Y
COD #1 Chl a W= A XA B AW &, #F—25 & B
VEHES R T R AR KL 5348, coD
TR R TIP3 A i S A R A o3 i, 2
RIZTRUFAH Y A=) b 5, 32 TR A S A A A
S B2, Chl a (Y5 A DX COD & i AR
55, WM Chla W REIX 5 COD @ X fir B
W& EIE T 30— 14 o

9 PAEXBIMITEESHESH.COD EFFER Pearson HEXESTER
Table 9 Pearson correlation analysis of chlorophyll with environmental parameters, COD, and nutrients in the western study area
Chla & T pH SPM  Zgp  COD POsP SiOySi DIN DINP Si/DIN  Si/P
Chla 1 -0643 0773 0056 0675 0222 0888 0806 0732 0221 -0.588 0413  —0.565
s 1 0513 0111 —-0.131 —0.740° 0335 —0.898" 0966 0401 0484 0432  0.383
T 1 ~0.106 —0293 —0.005 —0.58 —0.535 —0.499 0010 0538  —-0452  0.368
pH I -0017 -0370 0199 -0.175  0.150 -0353 —0.062 0462  0.639
SPM 1 ~0.135 08427 0362 0337 0012 -0371 0271  —0.265
Zsp 1 ~0.099 0739 0680 0512 —0262 0078  —0.507
CoD 1 0.545 0474  —0.100 -0.620 0506  —0.424
PO,~P 1 09017 0438 0582 0349 0710
SiOy-Si 1 0412 —0473 0435 0339
DIN 1 0471  —0.638  —0.223
DIN/P 1 -0.886" 0554
Si/DIN 1 ~0.113
Si/p 1
RN AR B G KT <0.01;5 * RIRAH KBS /KT <0.055 HAMAAHHR.
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Table 10  Pearson correlation analysis results of chlorophyll, environmental parameters, COD, and nutrients in the eastern study area

Chla S T pH  SPM Zy ~ COD  PO~P SiO-Si DIN DINP S/DIN  Si/P
Chla 1 0438 —0470 07247 0455 0620 0401 0431 —0.766  -0.653 —0351 -0440 —0.583
s 1 -0904" 0465 —0206 0545 —-0.116 0023 —0.611 -0.597 -0.618° 0230 -—0.817"
T 1 ~0501 0181 —0.612° 0001 0.151 0717 0785  0.667 0188  0.826
pH 1 0479 07000  —0028 -0.7197 09017 -0.744" 0138 0421 0418
SPM 1 -07237 201 0702 0587 0069 —0404 08017 0018
Zsp 1 ~0.189 —0.656 —0.767  —0.578" 0091 -0431 0337
CoD 1 0281  —0.020 —0222 0483 0058 0399
PO,P 1 0693 0391 —0399 0498  —0.125
Si0;-Si 1 07797 0248 0584 0613
DIN 1 06600 —0017 0.678
DIN/P 1 0349 0826
Si/DIN 1 0.224
Si/P 1

VR R B G KT <0.01; *RRAH KBS K T <0.055 HAM AR,

P2 X AR Chl a XM T 25 R /R, Chl a
5 pH 5 B & FAHXE (=0.724, p<0.01), 5 Zgp F
A58 1E A 52 (7=0.620, p<<0.05), Tl 5 S, T. SPM &
W AR OGP o IR IX AR AR AZ R IE VL KL iRk
VKK Bl 7 FR R 52 55 TS 9, 7 1 UK A4
SPM & i W, pH A1 B B3N, Chl @ A= K 3R 5
PEFE P M EE i R KILWRK . A7
I T R ) 9 Ol ok T AR R, TR T
EAMNFWEYI ALK, SIS Chl a F i TS
M. Chla 5 SiO5-Si. DIN & & & A5 (=—0.766,
p<<0.01; =—0.653, p<<0.05), Tfii 5 PO,-P H kA
B, EE BT, WEE PR IR I K B
£ 00 W A A F42 B Redfield R (106:16:1) #E4T,
T ¥ 3 v DL ) Ak 0 7 3R R L B R — i
Si:N:P =16:16:1, ¥54h Chl a i {E XA AL
WA i, TR AR A KX SiO5-Si, DIN 772K
KT PO,-P H5 Si/P 24 3% T & (=-0.583,
p<<0.05), 3X 1] BESEVEHMiE i KB UL Si05-Si T3
O RO, B R I A R,
11 32 V7 AR ) A 5 A 1A 4 fg (9 52 1), Chl o 5
COD 2 iF #1561 #5 4 Chl o & k52 85 41 5
COD A& Al e, L5 K T B & COD 22 31| 51t
IKIIFRRE

3.3 COD ZlhEZ=

AU G, PR IX 95% I 3 37 2 R K
COD it I % M2 KK T afl, B 11X
FHUTE YRIRBEIE A 9.3, o SR BT

WHEA B, 5 LA TOR (3R 8) X LA, 4
P44 COD fH (1.71 mg/L) X T 2001 4 (2.45 mg/L)
12015 4 (1.87 mg/L) Iy 52 [R] 3 /K -, 3x 2 B i 2
XA WL 5 Yt 2 i — 2 BRI . COD &
PR TR T T A G 43 SRR 5 N Y5 P I L YA S VA
BFSIE A7 AE (9 COD R {E X, 3% ] B A7 1] Bl IR A% It
B BEEHES FIK 3 PR A N R LR A E R 45
B, 2016 4F (RGN R AR R K
TLA4E COD A2 6.72x10° t, Jorh, 4N
T AT ik K AT COD #8717 =AM Y, Jin
FIBTN TS N B A HLTS R . X —IATRAE PN AR
4 O SR TT LRI Y 5 S R B BRI 5
H AR BAR G B ERE . Bl UEHETS W2 BT COD
[ 55 — T EERUR, 2016 4 LI T 1 IR0 T i
WOB R, RS 44 COD HEl# 2
3.7x10" t, #B43 COD Ffiy5 /K it HiH AL 42 1L X
MZEBEX M Ak, £ HE . B TR
PEHEZK 5 A HETS 1 ABTN S, X S5 H0H 7 L
TS 96 30T T B AT AEAE Y COD 5 (i IX A7 B AR A o
THAI, AP VA I kA AR TV PN K AR A e
], L P COD FRBE A FRAIR, 45 11 BRI R 7K
AT A= 0 5% B AR B B T A 1 A LTS e )
PR L, TIE SN2 R TR A | B HES
S /N TS P L2 AN KRR B PR i, TR Vs 41
uifii COD & itimfl TN .

34 EEFMUEMWEZR
A A R, WA X E (EA I 0.50~
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44.82, E-HE M 10.87+12.03(FE 1), LIFEDT s A
WEEESE D, EEFEALIERE R 21.70~58.30

(% 8), ML T, AIAA T E(EMRT UL R v EE IR R ™ A X, X ]

K, WA A R E SRR DL ATE A T i e

HER B TEE R EFReRE . WEX EfE
AT AR TS SN ELATCH T2 AL B T T B 2
AE R IRAR A A |

Bl IS HETS FK ) Ty 3R A N R 2R G AR A ZE 2R
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Table 11

Pearson correlation analysis results between surface seawater E value and environmental factors,

chlorophyll, COD, and nutrients in the study area

E S T pH SPM Chla Chlb Chle COD  DIN PO, P SiOySi DINP SiDIN Si/P
1 -0.194 —0244 —0.407 0.487 —0273 0.094 —-0.023 0326 0.686 0588 0639 0122 —0.081 0.102
s 10259 —-0.077 —0.194 —0204 —0.140 —-0308 —-0238 —-0.119 —-0.078 —0.158 0.010 —-0.208 —0.149
T I 0153 0505 —0216 -0276 —0487 —0.624" 0281 0533 0310 0336 0041 0376
pH 1 048" 0.637 -0379 -0.114 -0267 —0.788  —0.758  -0.845 —0.137 —0.176 —0.280
SPM 1 -0120 0193 0022 0831 0527 0696 0638 —0.142 0.189 —0.022
Chla 1 0299 0236 0222 0480 —0311 05717 —0374 -0314 -0.561"
Chlb 1 07617 0170 0404 0360 0445 0209 0172 0318
Chlc 1 0211 0265 0209  0.178 0.127 —0.169 0.048
COD 1 0357 0.6047 0468 0269 0.079 —0.193
DIN 1 07657 08747 0423 —0.169 0352
PO,~P 1 0.873" —0220 0.198 —0.102
SiOy-Si 1 0165 0295 0382
DIN/P 1 —0400 0807
Si/DIN 1 0201
Si/P 1

R AIR B K <0.01; * R R B EKF<0.05; HALATHK.

R T T g o BT R A X IR A ) A R )
HZE, ARGIZX E B S RZKAER T HFE
AL R PEAT Pearson AHICHEI T, M s R
N, HE X Ef55 SPM 2 55 1F A 5% (7=0.487,
p<<0.05), 5 S. T. pH. COD Fl% 353k HLAE (A 56
PEIEAN R . 3, TR X A R AR I
B RZ I, il U5 D R i B I R
EfH5 SPM MYIEAHCHEAE —E BB b e e 1 il U
AR A XS E SR . 5346, SPM 5 DIN,
PO,-P Fll SiO5-Si 5 77 £ L AFFEAS [ F2 BE 119 1 AH OC
P, X 5B P A SPM W FRFL ., B 3R Eh 4%
VE YA X BN I PR R 7K 30 I R S BT
T PR TR, RO e AL W45 TS Y ik A K
s, g T AT Y B SRR . E {55 DIN
(7=0.686, p<<0.01) . PO,-P(=0.588, p<<0.01) Fil
Si0;-Si(7=0.639, p<<0.01) & W F Ay IEAH %, & . B
B IR Eh o EHERAE A R BUK IR & TR, X F
DIN. PO,-P J& 5| 2 25 X & & 21k 1Y & 22 [ &
H DIN, PO,-P Fll SiO5-Si 2 [F] 24 5 i i 2 () 1E 41
K, T =3 Z (0] A R AR RIE, 455 A X

s =H =

B/
W

E {H &8 X BT 78 047 50 BTk h, DIN, PO,-P I
Si05-Si = B YR T ER VTR VT 45 il YRR i i A
DL R i b i B VRHETS o VSN E(Em R T
AL, UL PR R VS M 1 T 9 4 AN, 2 i U5 A 3 A
ARG IRHETG B 5 TS N . 5346, ARFRANE (1Y)
G R . VS IR AR IR Y R R R S
K A B R T N, V5 YL B Bl AN KRR R
AL N = S s o] o 2

4 ZhE

(D45 R, A XA B TR i5
Bk ™, DIN I DIP ¥ B o [ 556 T 29t KK
TR 3 (5 B8 o A0 55% T 80%., K2
167K DIN. SiO;-Si & S, Z4°4 PO,-P ) 17~
25 A%, =R 23 () S0 AT REAE 5 Bl PR AR i A
VR (14 Bl VIS 2 DA 2 o

(2) 4 X FJ2 MK N/P I Si/P HL 1 2k 4, H.
FERIGT T2, X 5 KT IR KA B DIA
2 DX T A S TR R A A K IR 32 N T e B
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Assessment of nutrient pollution and eutrophication in Hangzhou Bay and

its adjacent waters in summer
. .123 2,3,4% . 1 . . 23 . 23 .23
LI Saisai ™, PEI Shaofeng™" , ZHAO Lihong , ZHU Zhigiang ™, LIAO Mingwen ~, DUAN Yunying
(1 College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China; 2 Laboratory of Ecological
Geology and Climate Change, Qingdao Institute of Marine Geology, Qingdao 266237, China; 3 Key Laboratory of Coastal Wetland Biogeology,

China Geological Survey, Qingdao 266237, China; 4 Laboratory for Marine Geology, Qingdao Marine Science and Technology Center,
Qingdao 266061, China)

Abstract: Based on the ecological environment survey data of Hangzhou Bay and its adjacent waters in summer
2022, by using the single factor pollution index method, nutrient structure and limitation analysis, and eutrophica-
tion status index method, the characteristics of surface nutrient and organic pollution in the bay were systematic-
ally studied, and the eutrophication status was evaluated. Through the Pearson correlation statistical analysis, the
impact of nutrient pollution on the growth of phytoplankton and the control factors of eutrophication in water bod-
ies were preliminarily explored. Results indicate that the pollution of nitrogen (N) and phosphorus (P) nutrients in
the region was relatively severe. 55% and 80% of the stations in which dissolved inorganic nitrogen (DIN) and
dissolved inorganic phosphorus (DIP) content exceeded China's national Class III seawater quality benchmarks,
respectively. The N/P and Si/P ratios of surface seawater were imbalanced, and 20% and 5% of the stations
showed potential limitations of P and Si on the growth of phytoplankton, respectively The chlorophyll a (Chl @)
content was mainly affected by the transparency of the water body, showing a spatial distribution characteristic:
higher in the east than in the west, and higher outside the bay than inside the bay. The Chl a content in the eastern
waters outside the bay was relatively high, indicating a high density of algae cells and a risk of red tide outbreaks.
The survey results of chemical oxygen demand (COD) indicate that the overall organic pollution in the area is not
significant, and 95% of the stations could meet China’s national Class Il water quality benchmarks. Results of the
eutrophication assessment indicate that 90% of the stations in the area were in eutrophication state (40% were
severely eutrophicated). The order of contribution to the eutrophication was COD>DIN > DIP. Preliminary stud-
ies have shown that N and P nutrient pollution still exists in the Hangzhou Bay and its adjacent waters, and the eu-
trophication of water bodies deserves attention and further research is needed.

Key words: Hangzhou Bay; nutrients; eutrophication; phytoplankton; influencing factor
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