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Fig. 1 Sampling stations (current drawn from references [27, 28])
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Fig. 4 Variation characteristics of TN, TP, PO, and 5'°N with depth in BH15 (the dashed line represents the average value of each parameter)
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Fig. 5 Variation characteristic of TN, TP, PO, and §'°N with depth in BH47 (the dashed line represents the average value of each parameter)

1.9
a
1.8 1 o/., \ .’/
/" _I'.-
1) .,o’. .-.'.
= 1.7 A o
ﬂlm /o-r.
=
O 1.6 .,.-"
<
sy ]
1.4 T T T T |
1982 1990 1998 2006 2014 2022
E
9 -
o (4
3 /./ \._._-—.-O-o—._._.\.
d e,
—_ o-0-0-0"° e
g 7 1 r-,r e
S 67.”
;’zi 54 7'7'{’BHEAE~§ *.*Eﬁﬂﬂ
N i
8 3 4o M B e-goa-e<8h s e
271 —* ~.
N
14 ::i::-.....-,-7...7.--—-—-—-7...7...,.,.,.,.,.\
0 T T T T |
1995 2002 2009 2016 2023
4

1000 -

—e— iR Rk .b
900 1~k . /./
“’g 800 - 2
g 700 ) / \-\./'\ .\./
2y )/ TN
500 - — ]

2002 2004 2006 2008 2010 2012 2014 2016

4y

100 - d
= 90 4
s
i 80 - -
gj& ° o/./ \./'/
g 701 \. /
%
4@ 60 4

./.
50 T T T T T T T |
2006 2008 2010 2012 2014 2016 2018 2020 2022

i

Ko g A (a), BKHER (b), AAEHEHT (o) Fifg K 5758 (d) #9742 fh 1% Bl

Fig. 6 Variation of the population (a), sewage discharge (b), fertilizer usage (c) and marine culture (d) of areas around the Bohai Bay



20

(GRERE T LE

PR A YV VS U SR Y MU, AR U A
B3N R BT RUE IR ER MR B Y T, 1980s W)
2010 H A, 0 v v R T AR V7K Hh DIN 43 1) 3
T 20 A5 FN 7 AEET, TN AR fb S B T T VS K i
rh BB K A R U R R R R A K SR B RR AR, B 1980s
Z I, DIN ¥ B 4 RE 7 B AR K F-, 1990s ) H 4k BE T 1
T, A 20008 S5 v RE 2RI, T AR R 3 N
PET I N (SRR B Rl = N g 51 7 o P i  E e 1]
FEARAE 45 R & B0, TN & & 7675 N3 % 1) BHIS
SRR, TRV AL 0 BHAT A AR, W B
J5 4 A BHS 5% 55 BH &, 5 7K (AR08 37 3k 19 iF 5%
25 0L — B, AL A 2 )T TS DIP [ 2R IR,
P R AT TR 0 A T o 14 R 252 D /N eo-o, i i 15 o
AWM SIEA PRl Z Wk 2> . BHIS AR FE 6 om Dk
IP I NG T B i fa 5, 5 v 7K K DIP ¥k B
FE 1994-1995 AE583, B 5+ 22 B B AR ke e — 3502
BHA47 HRAEH TP, OP B MR AYZSfkEa %, 47E 6 cm
DAV BE T R A8 Ak 45, i IP 7 8 em DAYR S BL5E
WD 5 g G ey e, T BHAT AL A, (5]
i 52 ¥ P K A e, 5 ¥ P K A DIP vk
TE 1970s J /)N, 1990s A2 2212 38 hin i) 22 fb fa e — 307,
FWFFE 2R A, T AN ) XS T RR A v & T8 A ) 7 i
AH 22 3R HUTRR AR R v 45 08 5 8 1 28 AL RRAE AN
JSAH RN 5 30 2RV 0 i Vg 08 0 P A TR R A L, AR
TIF 5 A P AR AT R AE A 0 35 S ARG 50 v, 2 D R 2
VRV 7R 2 250K H H S b XA G R K HE T, DL R

EUROE AT RN O] NGNS =8 RS N

TRAR T R R R AT 43 AR (N AR AT | gk 5
B . N F R AR S S KO Tl B K AR ) RN R
R RIE . AR R A E A AN [F Y[R 67 2 R
1B, 38 F AL AE G 85N {4 —3 %0 ~ +3 %0 "), ¥ 7K 57 5 Y
8N HH 3%0~ 14%0", NZHEMYIH) 8N 1E A 10%0~
20 %o 7, Tk B 7K B A 3% 15 K 1) 8N H — it KT
10%o", MEFEAN A Z Y 8N {E N 5%0~ 6%, AME A
) A 23 il AR KA v R TR AL 3R A Rk A AR Ak
BHI15 1 8N 45 {1 Bl oA 4.6%0 ~ 5.7 %0, 6 cm LA
SN Atk 45 i (A HLAH X AR e (e b i BR A1 ) (I 4e),
BH47 "1 §"N A A 4L 5 FEl A 5.6 %0 ~7.2%0, 5 cm LA
8N A 2 LUk 3 9 A8 fh s 34, P AEIRAE )2 85N ¥
BRARL . SUNAEM H 2 5 Z B ZFh A R A 52, an
AR R DL R R i R v A LR Y
BB M i A 4, AT R R 2 i LRI R AR AR A e,
I ITORR A H 81N 5z B 114 2 i Bl 45 A B B AN [m] 0K DA
B RE R G5 B .
34 BHRMEETUSLERERE

BH15 HRFE 1 TOC B2 RS F R 0.40%~0.64%
(Kl 7a), BH47 AR FE o TOC 19748 £k 3 Fl A 0.40%~
0.61%( &l 8a), TOC & # A5 {b 34 5 /i A 76 i1 75 1
JE 11 ST FR W A HL T TOC Y BIF 98 45 T — & ™,
BH15 il BH47 1 TOC 1Y 722 ft. #& A L, El [ 1980s
A LU K H, 1904-1976 4F 0], 1 T 85 Il i

/F‘l‘\

Efy EHEE/em TOC/% BSi/% 3C/%o TOC/TN
03 05 0704 08 12 -24 -22 207 8 9 10
2018 - 0 - ..n .*n A = L L1 |.. |
T T : -/ -/: b \o T ./ d
994 54 4 ° N, S N
1 1 o'.‘/. :/:. -': 4
19651 104 ¢ g
115 y
B 4 ol o . o
19361 159 <] 4 B L
] 1 o™ ’} ., .<
19064 20 4 ", . A \
R i = 1
1877 4 25 A L s < :
1 1 e e o %o
o | e ¢ o«
18474 30 4 ¥, A : :
1 1 e o °~, e
B S o .
18184 351 o > <
'e ' >e 54 [
1 1 1 — ~ S
17894 40 { % — H o
ol of ‘e Yo
1 1 ..: 1 :\.\. ¢ ./'o
1759 4 45 4 % i e <
1730 4 50 -

7 BHI15 YU TOC % . BSi & . TOC/TN 1 8°C RAVR AR AL ARIE (28 0 & S B0 F- B {ED)
Fig. 7 Variation characteristics of TOC content, BSi content, TOC/TN and §"*C with depth in BHI5

(the dashed line represents the average value of each parameter)



) W A B TS O BR AL 2 1 S B R MR AR AT i R 21
By BE/em TOC/% BSi/% 83C/%o TOC/TN
0.3 0.5 07 05 10 15 24 -22 -207 8 9 10
20 1 8 —_ 0 1 - 1 1 1 1 1 1 : 1 1 1 1 1 FURN [ N ST E—— |
I L]
] ] ! /] | | el
1990s 4 54 L 1o b 1 s e 1 #Td
| )l 'S < | E <
i L] L L]
/ e \
1950s 4 104 .ﬁi\/ , i ::/
7 1 .;‘- .\/\.’ .,.' .‘,‘-
1910s - 15 4 5 °, ! ° B %
| 1 :‘ :>. .; .:
1872 ~ 20 .: : \“: :,'- - :,'.
1 1 :E- ‘P.. 'o\.‘ ?,-
1833 - 25 - '\,TT. .:.)"' /:.' E .%'.
s 30 % " Y, <
N . o~ 7] o
| | .5:: o‘(.'. :'. | ?‘
1756 1 35 1 o o e - o
] ] \‘\:\ .L. q./. ] \.:
s 404 U < o ] <
. L e __—e
| | .\.\o :\. ./\.o \.\.
1680 45 A :f/ : <, o _ .'/./
i i e I id i LN
s o ? 2
1641 50 A ::. ! .,0\. < - ..>.
4 - | FY | — L]
1603 - 55 4 ! ! -

K8 BH47 YL TOC & . BSi &1, TOC/TN 1 §°C FEE B AR L AR (R &R R &0 S 500 - 249 18)

Fig. 8 Variation characteristics of TOC content, BSi content, TOC/TN and §"°C with depth in BH47

(the dashed line represents the average value of each parameter)

T8 M0 VS W, TOC S B 2 /9 0% sh 28 4k, 5 TN
1748 b fa #5— 30, BSi Y AR £k AT RAE K AR B T A= 7
Ji AR AR ra, AR RE H BSI Y ) 4 A A & 7o,
% 8b fiff 7, BH15 1 BSi % & (1 22 46 i il 4 0.52%~
1.11%, 7E 5 o] | 5 % 2h 28 4k, Jo W1 & 748 fk o 3
BHA47 1 BSi % & 1 2246 75 [l i 0.39%~ 1.46%, FE[1]
SRS, b2 BETR R AR IR RN 11~ 13 em
(1920s—1940s) 1 I 55 = 8, BRI R0

T i T Y 2 8 T T A ) 1) L2 SR o),
FEF it 0 K ) A TR A A R A A R, R VR Ui
Y)Y 65.3%~99.8% . UL L4k, i E
Fikh % A (1) DIN HeEE B A, DIP Al DSi % /)N, DIN/
DIP Lt {E 35, DSI/DIN L AE 38 /N 55 — FR 51 AR 46179, AN
A BEE 52 e PR AR ) 1 2B 7 ) AR W, iR T TR
T AEL ) ) Vi S A8 o TR VS R A K AR Y g
SRR, Rk O LG (E 2 BB G R R 0, K
P4 Fp i 9 EL B DR/ R T T B R BS AN R TOC
1 & i, 330 BSi Al TOC 22 b #a $5 A — 2k, X 5
I 8 U AR BSi K R U A A 4 F 5 45
F—Fe, gesh, 78X U LY T BSI B 9E &k B,
BSi 7 it 5 TR PR G 4 A % U1 G &, DU R
BOHLBOA AT BSH 1R AF 0, BHAT FEIRFE 2T
PR AR I T A 5 T AR A, EOML A AR JEE L BHILS 17T
FUHE SR, AT g2 BH47 UUFAE b BSi 3 5t i/ B B i
BRI 22— DR BSi B9 F i 52 DT R BE R )
G =R IR B . B UURLRE b BSH AR et

JH TR ) XS T A 7 T 25 5

FeosE Rl o7 R M A L E B ) 2 ORISR A
BUER IR . AR AR SR A AR, Bl IEAE Y AT L)
4y R C AW AN C R, C AW R §C {22 %0 ~
~33%o, C, FL W11 8°C fH 11 —9%0 ~ —16 %0, I 1 P2 i
KLY 8°C {H N —19%0 ~—22%0™, A [\ 2 I5 A HL R
) TOC/TN W0 A7 £ 25 5, Fifi U5 = S A ) D s % K
| LYk K & TOC/TN K55, il # KT 12, 1
TEIRA DL A rY 8 H B, H TOC/TN /KP4
K, 38 FAE 5~ 8 Z B SR, ARl S E0AE 48 7R T
YA MR IR R AFE AN L, 81°C 7E48 78 A HILJT K IR
AT E S H 2 S AR IS IR, TOC/TN %5 5 % 3|
AR FH R R R X NH, B 8% B0 77 o Ay AR A T
AP DTERE, K, A SCRRF TOC/TN i1 81°C
HH 25 A B 7 15 ok 48 /R LR A L R R . BHIS
FERFE H §°C {9718 B D —23.3%0 ~—20.4 %0, “F- 1
g =22.7 %0, TOC/TN By {5 [l gy 7.4~ 9.3, - 3416 N
8.0([&l 7c, [l 7d); BH4T AWk AE v §C {H 19 2% 1L 15 I
4 —22.8%0 ~—21.0%o, V-4 {H 5 —21.7 %0, TOC/TN 1Y
0 Ry 8.0~10.0, V- ¥ {H 4 8.7( &l 8¢, Kl 8d), Witk
ARAE H §1°C F TOC/TN FY 43 A5 4l 9 BF 7R« 8°C (9 45
TR, G AL 5T 2 o 5 AN il U A 2 [R] 52 i, TOC/TN
oA 2 B, DR AL ST 26 B W 3 ARV TRRR A, 31X
55 Hu S50 i 75 K i it v 3 v Bl AR W A AL B S TR
B R IR B B 5T 45 R — B0, #E— 2B R H] 8°C ot
Y Xof Vg Y A i VR A BL T X TOC B 53 ik A5 131



(GRERE T LE

22

. e
‘ ' |+ BH47

40 1 Fid: C, Wity ! Fifitk C,

-/

301 1 !

9] ! !

8 20 ! :

101 e

U MR

0

-20 -15 -10 -5 0
8"3C/%o

-35 30 25

9 PIMRHEEE 8C Al TOC/TN {H 1 431
Fig. 9 Distributions of §"°C and TOC/TN values of organic-

matter in the two sediment cores

B, S5 R, BHIS FEARFE b Bl U5 A L 5T 51 ik L 151
H 1.4%~45.5%, ¥IM{E K 35.8%, VA AL 5Tk LB
H 54.5%~98.7%, YI{E N 64.2%; BHAT HIRAE o il U5
AL TTHR K 10.0%~ 36.6%, YI1E Jy 21.0%, ¥ 5 A
BT 5Tk A 63.4%~90.0%, HI{E N 79.0% (& 10). H
F BHIS 3 g5 057 T8 P, 32 J8 10307 i a5 A 0I5 1) 5 i)
SR, PRtk BHIS Bifi U5 A HL ST BT Bk AH XT BH47 8
Ko PIADHRIRTTR YA DL R U5 34 DL 5 Dy 3, ¥ I
AL R S W PR R 7 D) T B R bR, R R
BT DT R B R AR U 5 T R A %, BHAT 1M 10 em
) 81.4% FEAKEI T 1 em 1 73.1%, 55 BSi HA MBI

ARG, KU EIRAEBE G T R, (AR T
TR 0 DL AR e . A L, B YR A X CAR A A LI
DUHR S IR ARk, R LA R R, DL &
Bili Y5 AT AL AE A MU b o L RS T = R T BSH
1 TOC A —F IS .
AN 2R Lk, N8I 2 S B0 i 1

. ZEU IR 18 m LA B I it A ) A A e R R R 6
Ak Y B R e TR [ 22 A YT 1R 9 S [ I O A A A
AR R o B A 5% 45 R 5 3 ] HL b 9 e bR
DU A AL WA R AT T IR (R 1), 45
R, 1 BEHDR U o TOC 1 TN & &2 5 i it
AT, 8°C i 5 TOC/TN U [l 5 1) i v45 45 3, %6 9
VRV 3T R AR T AT WL e FROR VR AR AL . T
1 4R 3T Vi Sl A TR O R4 o TOC A TN 75 & Y4 T i)
TV, 81°C A LL B IRV 9 O £1, TOC/TN 3t [l L i it
T 58z B e/ IME R RAE 3 & T v, SRR o
AR T TR v A LT B S AR TR, A2 B R
AR 3 . BRTT AR DU o TOC % 4530
RS 3 A%, TN & a8 T, TOC/TN it [
Y1z Hof K AR & T s, = BRI 0 iR oA Bl
JoT S o e TS, AT RE B T RR VL D Tl K AR T
15 7K B R HE RO, TS Y B R UV R A
RICF YA LT 20 8 2 AR B0 7 3T e A v A o

2018
5E 1994
10 E 1965
15 E 1936
20 E 1906
B 25 1877 8
= &
53
30 1847
35 E 1818
40 E 1789
45 F 1759
50 ! ! L 1730
20 40 60 80 100
RVE 53 iR/ % AR
BHI5 I R R A LR

2018
5E 1990s
10 E 1950s
15 E 1910s
20 E 1872
E2sE 1833 &
% &
30 1795
35 1756
40 E 1718
45 E 1680
50 1641
1 1 1 1
20 40 60 80 100
RETT % [ WIHAUR
BH47 I HEEA LR

K10 Bl iR A PLAR T T AR TOC Y STk (25 1 2 7n Bt B k)

Fig. 10 Contribution of terrestrial and marine organic carbon to sediment TOC (blank space indicates missing data)



9 ) ZWTAE: TS DO MR Ak 210 S RS PR AR T A FR R 23
FR1 ARARFHERARIPENRALER
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Sedimentary geochemical records and their indications for environmental
variations in Bohai Bay

Gou Yimeng', LiuDongyan"?, Dong Xiaowei’, Tan Yang®, Pere Masqué®, Xue Chengfeng®, Wang Yujue"?

(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China; 2. Institute of Eco-
Chongming, Shanghai 200241, China; 3. Beijing Osees Technology Co., Ltd, Beijing 100083, China; 4. Yantai Institute of Coastal Zone Re-
search, Chinese Academy of Sciences, Yantai 264003, China; 5. Edith Cowan University, Joondalup, WA6027, Australia; 6. Second Institute
of Oceanography, MNR, Hangzhou 310012, China)

Abstract: In order to understand the long—term variations in the nutritional environment and the key influencing
factors of Bohai Bay, sediment cores from the mouth of the bay (BH15) and the outer area of the bay (BH47) were
collected in April and June 2018 separately. The contents of total organic carbon (TOC), total nitrogen (TN), phos-
phorus (P), biogenic silica (BSi), and stable isotopes of carbon and nitrogen (8"°C, 8'°N) were analyzed, and the
causes of the changes of the above parameters were discussed in combination with the changes of climate and sur-
rounding human activities. The results showed that the TN content in both sediment cores exhibited an increasing
trend since the 1980s, which is consistent with the long-term variations in dissolved inorganic nitrogen (DIN) in the
sea water. Sewage discharge, fertilizer application and mariculture are the main sources of nitrogen in the Bohai
Bay, among which the input of agricultural fertilizer has decreased since 2007, while the discharge of mariculture
and domestic sewage into the sea has shown a continuous upward trend. Inorganic Phosphorus (IP) was the main
form of phosphorus in sediments. The IP in BH15 in the bay has shown a decreasing trend since the mid-1990s,
while the IP in BH47 from the mouth of the bay has shown a decreasing trend after 1970s and a slow increasing
trend since 1990s. All of them show obvious terrigenous input characteristics. The results of TOC/TN ratio. 8"C
value and 6"C two-endmember mixing model indicated that the sediment organic matter in the mouth of Bohai Bay
and adjacent sea area was influenced by both terrestrial input and marine autochthonous sources, with marine organ-
ic matter being the dominant source, the contribution of marine organic matter has decreased Since the 1990s. Com-
pared with the BH47 core from the mouth of the bay, the BH15 core is closer to the coastal area, more significantly
affected by terrestrial input, with higher TN content and contribution of terrestrial organic matter. This study shows
that in order to effectively manage the water environment of Bohai Bay, it is necessary to strengthen the control of
mariculture and domestic sewage discharge into the sea while controlling the use of agricultural fertilizers in the fu-

ture.
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