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Characteristics and comparison of algal biomarkers in seawater and sediments of the East China Sea shelf

WANG Tingnan, HE Juan, JIA Jiayuan, JIA Guodong, CHEN Lingdi, LI Li
State Key Laboratory of Marine Geology, School of Ocean and Earth Sciences, Tongji University, Shanghai 200092, China

Abstract: Major algal biomarkers brassicasterol, dinosterol, and long-chain alkenones, representing diatoms, dinoflagellates, and haptophytes,
respectively, were analyzed in seasonal suspended particles and surface sediments near Hangzhou Bay in the inland shelf of the East China Sea.
The distribution characteristics and controlling factors of algal biomarkers in particles and sediments were studied. Results show that the spatial
distribution characteristics of algal biomarkers in the surface sediments of the East China Sea inland shelf are obvious, and the abundances of
algal biomarkers increase with the increase of water depth. The seasonal variation of algal biomarkers in particles is prominent, and the highest
abundance in summer samples. Consistent with the results of previous studies, the temporal and spatial changes of biomarkers are mainly
controlled by the changes of algae productivity. Due to the abundance of nutrients, high primary productivity is mainly distributed in the waters
where the dilute water away from estuaries meets offshore currents. In summer, the coastal phytoplankton productivity is the highest due to the
increased influence of nutrients carried by the diluted water of the Yangtze River. In addition, our results show a significant difference between
the dominant sterols in surface sediments and particles. Brassicasterols dominate in particles, while dinosterols dominate in surface sediments. In
addition to the common knowledge that the organic matter in particles mainly reflects the transient nature of local sites and in the surface
sediment reflects the multi-year average of a wider area, we believed that the possible late hydrogenation of brassicasterol in sediments has a
significant effect, leading to a significant decrease in brassicasterol abundances relative to dinosterol in the sediments. This study emphasized the
complexity of sedimentary history of biomarkers in sediments. It is important to understand the relative changes of biomarkers in surface

sediments for accurate interpretation of biomarkers in sedimentary records.
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Fig.1

Study area (a) and sampling station (b)

The black spots are sampling stations, and the brown line confines the reported bottom hypoxia area near the Changjiang River estuary (according to Zhang

et al*). Solid blue arrows indicate regional currents, including: the Yellow Sea Coastal Current (YSCC), Changjiang Diluted Water (CDW), Zhe-Min Coastal

Current (ZFCC), Kuroshio Current (KC), Taiwan Warm Current (TWC), and the Nearshore Kuroshio Branch Current (NKBC).
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Table 1 Information of the sampling stations
I fi] 3 7H 104
£ Wi
i E2¥ai s /K% /m BT 7KK /m B K% /m

A9-1 30°00.039'N. 122°29.632'E 23 30°00.863'N. 122°19.320'E 19 29°59.941'N. 122°29.959'E 21

A9-2 29°58.988'N. 122°34.376'E 27 29°58.652'N. 122°34.180'E 24 29°58.813'N. 122°34.169'E 27

A9 A9-3 29°57.339'N. 122°38.746'E 34 29°57.436'N. 122°37.838'E 30 29°57.418'N. 122°38.852'E 35

A9-4 29°54.600'N. 122°47.032'E 43 29°54.711'N. 122°46.441'E 42 29°54.607'N. 122°47.570'E 43

A9-5 29°51.876'N. 122°55.945'E 52 29°21.510'N. 122°38.149'E 52 29°52.450'N. 122°55.699'E 53

Al1-1  29°31.197'N. 122°23.903'E 21 29°38.651'N. 122°24.338'E 20 29°30.644'N. 122°24.402'E 22

Al1-2  29°28.644'N. 122°29.658'E 31 29°28.527'N. 122°29.774'E 31 29°28.603'N. 122°29.576'E 30

A Al1-3  29°25.042'N. 122°33.742'E 43 29°24.792'N. 122°33.791'E 42 29°25.010'N. 122°33.792'E 41

2019 Al1-4  29°21.510'N. 122°38.149'E 49 29°21.458'N. 122°38.093'E 50 29°21.614'N. 122°37.628'E 46
Al12-1 29°16.393'N. 122°19.320'E 16 29°16.367'N. 122°20.070'E 20 29°16.088'N. 122°20.302'E 19

Al12-2  29°13.817'N. 122°24.249'E 28 29°28.644'N. 122°29.658'E 29 29°13.772'N. 122°24.599'E 29

Atz A12-3  29°10.717'N. 122°28.987'E 41 29°10.563'N. 122°29.100'E 42 29°10.744'N. 122°29.240'E 41
Al12-4  29°05.060'N. 122°33.270'E 50 29°05.174'N. 122°32.810'E 49 29°05.136'N. 122°32.887'E 50

Al13-1  29°04.268'N. 122°15.399'E 24 29°04.823'N. 122°16.119'E 22 29°04.746'N. 122°15.036'E 23

A13-2  29°03.758'N. 122°20.100'E 32 29°03.238'N. 122°21.191'E 32 29°03.584'N. 122°21.192'E 33

A A13-3  29°00.193'N. 122°25.169'E 42 29°00.254'N. 122°25.440'E 43 29°01.223'N. 122°24.913'E 42
Al13-4  28°59.351'N. 122°29.906'E 49 28°59.661'N. 122°30.100'E 50 28°59.497'N. 122°29.689'E 50

A9-1 30°00.079'N. 122°30.342'E 19.3 30°00.32'N. 122°29.66'E 20

A9-2 29°58.482'N. 122°33.619'E 24.4 29°58.75'N. 122°33.55'E 24

A9 A9-3 29°57.564'N. 122°38.048'E 322 29°57.53'N. 122°37.85'E 37

A9-4 29°54.795'N. 122°46.660'E 433 29°54.59'N. 122°46.24'E 42

A9-5 29°51.900'N. 122°53.992'E 52.4 29°51.66'N. 122°55.70'E 52

All-1 29°29.474'N. 122°23.860'E 17.5 29°31.19'N. 122°24.26'E 21

All-2 29°27.339'N. 122°29.468'E 28.5 29°28.93'N. 122°29.19'E 29

Al Al1-3 29°25.140'N. 122°33.531'E 39.2 29°25.07'N. 122°33.50'E 41

2020 All-4 29°24.109'N. 122°38.866'E 48.1 29°22.88'N. 122°38.59'E 49
Al2-1 29°16.710'N. 122°19.897'E 17.1 29°16.79'N. 122°20.05'E 21

Al12-2 29°14.123'N. 122°23.968'E 26.4 29°13.53'N. 122°24.35'E 30

A2 Al2-3 29°10.760'N. 122°29.152'E 40.0 29°10.67'N. 122°28.21'E 41
Al2-4 29°05.210'N. 122°32.744'E 49.4 29°04.92'N. 122°34.34'E 50

Al13-1 29°04.731'N. 122°15.401'E 239 29°04.71'N. 122°16.05'E 23

Al3-2 29°03.600'N. 122°20.770'E 33.2 29°03.35'N. 122°21.22'E 32

A Al13-3 29°00.604'N. 122°24.737'E 41.7 29°01.13'N. 122°25.21'E 41
Al3-4 29°00.850'N. 122°29.793'E 48.6 28°59.82'N. 122°30.33'E 49
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Fig.2 Chromatogram of sterols (a) and alkenones (b) in the samples
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Table 2 Range and average abundances of biomarkers in surface sediments and suspended particles of different seasons

KIZDURP/(ng/2) BRI/ (ng/L)
I (]
SR S P S S JIE £ P ST S FEESEE G JIE £
bR 124.5~854.0 163.0~1378.4 0~60.9 297.6~1244.4 0.7~34.2 0.2~2.5 ND 2.4~95.8
2019-03
¥IME 429.1 707.7 222 580.8 11.8 0.9 244
bR 155.8~873.8 240.0~1653.5 0~82.8 286.9~1448.3 255~271.4  3.7~84.9 ND 35.1~334.5
2019-07
¥IME 574.7 827.8 13.0 942.1 133.8 40.8 155.6
¥ 142.8~623.2 138.0~914.2 5.6~34.1 178.1~816.3 13.8~103.1 1.8~30.8 ND 24.7~167.1
2019-10
YA 278.3 322.4 14.1 362.6 47.1 8.6 64.3
Y 252.9~1007.7  324.7~2290.7 0~23.2 374.3~1508.2 73.5~557.0  3.4~18.5 ND 452~623.5
2020-07
¥IME 487.6 1016.2 12.7 819.4 247.0 9.6 180.9
S 55.3~803.1 179.8~1805.6  103~322  116.1~1263.5 78.7~5104  3.8~13.2 ND 52.7~703.4
2020-10
¥IME 4203 980.3 18.7 703.5 228.2 7.1 179.6
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543 5} 156, 64 Fl 24 ng/L; 2020 4F & . #k 23 5 A
181 #7180 ng/L.
322 =wiEgA T4

SR ) T 3 2 AR AR Y 23 [R] A0 AT RRIE S B R
AR AR AR 25 8] 50 A A [, [R]— 2R AR bR A
[ 2= s oM A 22 5 0 (A B8 0 b Sk
5 TR Y S5 5 I oA B ) R eV VR K TR
IS T B AERAE, B A12. A3 BRI S B
{F K 25 1 A 2 UKL ) B i 1) R AR M RIS . AR X
DU, BN FLHE Y & G = (0 5. 4 2019 ARk
ZERE S, SEORF S BEAE AL1-3, A13-3 3 5 A i,
M BEAE ALL3 i i B, A7
S WEAE A9-3. AL1-4 FIl A12-3 3l 5 & &y, 3 {55
FEAE A12-3 o 5 S H 0 o 2020 AE K ZRE S rpr, F
HS BEAE AO-1 3l i & B 8, SROFF 5 BEAE ALL-3 3l a5
o (E4)

4 HHE

A= W0 S AR AT R AR Bl 2R E A AR A
(AT 58 L 1202343638 GRS LA . Z AT A AF
B UE W] A= My R 75 W 04 5 S nl LB R R I 3 B
HL A Wy R AL, EATTRARRS [ 0 B e] DA
AP A A A 7 T SRR A8 RN, AT S
e AL B R v A5 A R AR AR US0 ZIRBIE S R W
IR T - P AR ) LR W e MR i 45 4 A 2 R s T L
HRAAR KA AL AL BTS20 Fe AT T A o A 45 R AR

BTG5 R — L, R A B i GR, LR RITHE .
4.1 EUIREMIETNEFEESITHN, STEL

2019 F1 2020 4FF fiy 1 43 B 45 AR AR o, BUkL
Py TR A i v SRR S R S S 0 B i
g S5 WA S B 22 R B, SRk,
i FEAR 22 3l (57 () UKL ) vh L A AR B, 72 3R B 0T
U = 2K 2R AR 2 MY 5 e <3%. B IROR A,
FJZ VIR b 2 A A & 09 25 0] 43 A RRAE B 5
A9 Wl b & F Ak, ATL, A12 FI A13 Wi | 7 &4
XoF 58 v, L ER R 1 VAR I TR KR R B s S A bR
TGN DORRW b SRR (55 B R FE g S R A 2
() 43 A3 R AE 5 kg AEAL, s T AE S0 il B 5 A 34, ok
Wy Hp s A AR B T AR A B, SRR £ AN
BB S AR R R (2, B3, 4),

T 5 DX 35k N 3R 2 D0 R FLURL ) v 3 25 A
B A B S AR AL S RN BB R — 2, Sk S A
FH 98 55 1 %) 7 I A 5 IX s PN AT 1 R B
JZ R rh i oy B 5 R — gL oasesel bk g
FHSEAR L, M AE R IRE R A N A
T A P A, N B e T A 0 T B R
JEERG RN OO, FEARER BE | e 3 SRR A A VL E B
TV B RN Y A A S O, X S IR TR AR
(R 45 5 3 AL KRR | LA BORHRNIN £ A 0
ORI ARAFE 1020 U 4 A A R R A
) TR U AR R R Y 59.1% AT 35.0%01, £ 4
PIRE o iR 2 R 2 RS R a 1 52%(25°~



92 TR 3 57 5 5 D 20 3 5

2023 4 12 H

2019-03 2019-07 2019-10

2020-07 2020-10

ng/g

1220 122.5°

O S B

122°

I £

2000 30°
N

1500

29.5°
1000

500
i 29"
ff
i 2

2000 30°
N

1500

29.5°

1000

500

29°

T T
123°E 122°

T - T
123°E 1220

K 3 REVRDFEW AR E YT 4 A
4390k 2019 43 A7 A#10 H, 2020 45 7 A AT 10 A 5 AN 4 FAEYAR B & it o A-B: SO B, F-J: R 59 B, K-O: M@, P-T: 0§54 i

Fig.3 Distribution of biomarkers in the surface sediments

Abundances of four biomarkers in March, July, and October in 2019, and July and October in 2020, separately. A-E:brassicasterol, F-J:dinosterol, K-O:

alkenone, and P-T:cholesterol.
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Fig.4 Distribution of biomarkers in surface particles

Abundances of three biomarkers in March, July and October in 2019, and July and October in 2020, separately. A-E: brassicasterol, F-J: dinosterol, and K-O:

cholesterol.
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Table 3 Percentages and ratios of biomarker abundances in surface sediments and particles
RIZVEY BSSER ThIEY)|
5[]
SFF B/ % I % S/ % ST 558 T/ P ESS T AT I % RN Y%  SORF R R

Y [l 29.6~43.3 55.5~67.1 0~3.5 0.44~0.76 39.2~97.3 2.7~60.8 0.65~36.35
2019-03

BiE 37.1 61.2 1.7 0.61 80.6 19.4 11.93

Y [l 34.6~48.2 51.8~65.4 0~4.5 0.53~0.93 59.8~93.0 7.0~40.2 1.49~13.38
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BiE 40.9 58.3 0.8 0.71 76.7 23.3 4.02

Y [l 39.4~51.2 47.0~58.2 15~3.6 0.68~1.09 71.4~91.3 8.7~28.6 2.50~10.44
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BiE 46.3 51.5 22 0.91 84.8 15.2 6.46

Y [l 24.1~50.5 483~75.2 0~2.8 0.32~1.05 92.2~98.7 13~7.8 11.83~75.92
2020-07

BiE 34.5 64.4 1.0 0.56 95.6 44 27.73

Y [l 21.9~385 59.6~74.5 0.5~6.8 0.30~0.65 93.2~98.8 12~6.8 13.60~79.88
2020-10

AL 29.0 69.0 2.0 0.43 96.4 3.6 34.64
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Fig.5 Abundances of brassicasterol and dinosterol in surface sediments and suspended particles
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Fig.6 Abundances of brassicasterol and brassicastanol in surface sediments and suspended particles
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Fig.7 Diagrammatic representation of the changes of stenols and stanols in seawater and sediment
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