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Vertical distribution of the biogenic elements and their response to the
environmental change in the Yalu River estuary

LI Hongjun' CHENG Yan'™ DU Yixiao* LIU Yue' LIU Xiaoyi' LI Fuxiang'

(1. Urban Construction College, Eastern Liaoning University, Dandong, 118003, China; 2. College of Environmental Science

and Engineering, Dalian Maritime University, Dalian, 116085, China)

Abstract The historical evolution process of biogenic elements in the Yalu River estuary has been
unclear owing to the constraint imposed by the special geographical environment. Age determination
was conducted based on *°Pb and "*’Cs concentrations in the main branch of Yalu River; the vertical
distribution of TOC, TN, and TP, characteristic value, and burial flux were analyzed to understand
the environmental evolution of the Yalu River estuary. The range of content of TOC, TN, and TP in
the sediments was 6.56—14.82 mg-g™', 0.59—1.65 mg-g"', and 0.73—0.85 mg-g™', respectively, in
the main branch. Except for effects of biochemical or early diagenesis at 26 cm, the vertical change in
biogenic elements increased initially and then decreased, reaching an extreme value at approximately
56 cm. TOC/TN values revealed that the organic matters in the sediments had dual sources. The land

sources increased and sea sources decreased with increase depth. The extreme values of TN and TP at
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56 cm was caused due to the response of the estuarine depositional environment to changes in the
nutrient salt input into the basin. The environmental evolution of the Yalu River estuary was divided
into three stages: natural source input before the 1980s, structural changes in the nutrient input caused
by human activities from the 1980s to the early 1990s, and great improvement in the ecological
environment after the 1990s.

Keywords Yalu River estuary, biogenic elements, environmental change.
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P, 2P B AR My S hn e

A=Aje™ (D
K D), A S0 BT R EE H AL A3 7P LU BE (Bqrkg™); Ao Ry )T BT TR B A AR —K
S _E ARG TG (Barkg); A AR RAL WUE N 0.03114 a5 1 (RERVIBY AR (a).

XFFCs A, H 1963 4F 1 TR AR AR TR DU B 3 AR 45 2 AR AEARYE 7Cs 115t 1 BT
R T P A (B AME ) SRR AR, RS 1Cs PR E B T REAZAE 0] Lol ) T A HLz 88, (AR
SR YTCs F R TE LR T A RAA A 2, A5 TCs 3 ARG By e AU ks 5 09

r=H/(n—1963)!"8 2
K2, r HVIBER (emea'); H " Cs B RIERYEREE (cm); n A HFEAE) .

124°10'E 124°15'E 124°20 'E 124°25'E

Z
123°75'N 124°50'N Oﬁ
T T [
LI
o Research zone iw )
i
z Nﬂg\ z z
Yo [=3
& - ) “ o
Ny 1= i ;| JEasybranch a
a Ela s 4 @ iert oo
Norlthem Yellow Sea . ',°°d| s - | 34 T %
123°75'N 124°50'N - W

5

39°45'N

a 124°10'E 124°15'E 124°20 'E 124°25'E
1 WSLRITHREE G A4 AL BN B
Fig.1 Location chart of A4 in the Yalu River estuary
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2 %55 59718 (Results and discussion)

2.1 DIBRWAERS TR
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A TR R4 5k 2.21 cmea™ 1 1.65 cmea ™.
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Fig.2 Specific activity of *’Pb,, and "*’Cs and the depositional age of the core of A4 in the Yalu River estuary
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BJE 1975 4. 1975 40, T BEFT 1 22 YRS, S 4 VL 10 [ B A X — ARG TR 5% P,
2.2 TOC, TN, TP 5 /K AR + & f A B
FORF B ES TOC, TN, TP BIASEE R DL 1. 45 R KW, FKFX% TOC, TN, TP LR
T IRAT R B S R TOC, TN PURRASRZ I WARH /N, R 5 TP RYFHSC R BOE R 1 0.43; KRR &
RSB . 58 R R 2 00GE A4 AERAE AT T EoRLAR 2 53 e P (B A AR AR BE AN R, ORI RLBE
B SRR BORS t, EAR AR L HERR 1 DU TOC, TN HI TP & 1 AL AREEE RN PR g im] 1190
Wy rh TOC, TN FI TP 5 f 9 S A S A4 T 22 4t S et HCITURR R 9 284
T PG IHRRREA U 5 KRB T RO R
Table 1 Correlation of TOC, TN, TP, water content and clay content

LIRSS TOCH & TN i TP & G &S Bt

Correlation TOC content TN content TP content Water content Clay content

TOCH & 1 0.23 0.15 0.042 0.17
TN & 1 0.43 0.0029 0.0093
TP it 1 0.00004 0.43

# 1 0.51

FK
Bt 1
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TN 5 TP Z [A] (A 3¢ R 80w =1, K5 T 0.43, B &% 1 3 PGE IR 52 3 1 A R 9 25 4 b Bk
Pl BRI, B TN TP Al BEA 043 AH [ B 4 Jo S U5
2.3 UL TOC, TN, TP WL . T FL 400 5 DB A5k
5 2 YT 3 3038 AR UL o TOC, TN TP & &2 4% fiF {8 0L 3% 2. 45 1 /R, TOC iy % = 16
6.56—14.82 Z i), P& 9.87 mg-g s TN 7 0.59—1.65 mg g™ Z[H], P& &K 1.18 mg g™
TP 195 RAE 0.73—0.85 mg-g ' Z I, P& 0.79 mgg .
F 2 AU R

Table 2 Characteristic values of the biogenic elements in the core of A4

FHIE(H

Characteristic values TOC [(mg-g™) TN f(mg-g) TP /(mg-g™)
/IME 6.56 0.59 0.73
HRME 14.82 1.65 0.85
FHME 9.87 1.18 0.79

] KR B 78 TR AR B T2 B a7 B G 3o 75 6 1% A 6 o 1 A8 Ak A S R K AR B S SR AR Y
T Wb R ST 30T 11K AARA G5 A8 72 3 B8, o SR BB s A8 T 11 UL AR TR B R AR L A DR M. TOC Y
FTEAMNT 0.656%—1.482% Z [0 (F{H K 0.987%), i S WG HEUTRY —IhrifE 2% (B, TP (& =
T 0.073%—0.085% Z [a] (¥ {H &y 0.079%) ; TN Y & &t 35 [l /v T 0.059% —0.165% Z 1] (¥ {H Ky
0.118%), 1= 15 | f5c 1K 2 ) A 25 IXURG: 35007 1) BIR 0.055% A1 0.06%2%), 3X B % TP, TN & 24k 1 4%
TR R TS Je ), T B n et AR TR 2R A A 3 T4 A i £ DL 1A 3.

TOC/(mg-g™h) TP/(mg-g™) TN/(mg-g™")
4 12 20 0.68 0.78 088 02 1.0 1.8
T T 0 T r T

3 PR TOC, TN, TP (3% 1 5 i
Fig.3 Vertical distribution of TOC, TN and TP in the sediments
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Hahn; 56—26 cm LR TR SR/, HA LR SR T REBEIE, WK AT IME S T o)
B, FE L2 90 AR LUK, J™A% B0 ISR AR 37 AR S JE R B R HEVE T 26—0 em I B AN K, (HAS 2
RIS IR N8 [T, X — IR 2 N 2T B iy, AR IR = 0 AV E TG F AR R

TOC. TN, TP (Y3 [ {14k B T 117 L A9 3 A8 Ak J2 0 i 2R T 1 AS [ Bk B A58 A2 AL A% i iz . 74 em DA
T TOC. TN, TP 9 & I sl K, 3222 it PR 2 22 B U 2 VT 0 114 A -8 A8 o A i, 9T 3t A A B
FEIAR 22 R BRI LAY 74 em LL_EAY TOC, TN, TP B ARG sh /)N, 32 2 R R 2 K /K Y
B EEU T I AR PR AR AR 25 R AL

TOC. TN, TP IR = B34 HHIRAE R 2, 487 Tl i A Y | I8 BoRAS K A0 i il U5 A LT 3
TR FE RN ERZ . X AR S s R S50 Y i AR S AR Py R R R A
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A A B R A T A A VR B S R 2 AR AR R DU 2 2, WK BR3 Jn, SR B ik = , 1
A ) S R OV R R U8 55 2, ERTE 26 om 7 B, B TR AN G AR B i sl 45 T A
{1 30 AE ) AV FH 52 e B BRI AR VRS R X Rl A A 1 4R a2 EL e 0 1 XSt ol s ),
2.4 PUAYIH TOC, TN, TP FU{H AY /A5 FRAE -5 A LT TR

TUBWH TOC, TN, TP 19 LA 7E 30 A o A v LA S 2 (98 7 i S0 W2 AR RG IR ok 32
PIUCERY), W) TOC. TN, TP i LL(EAE DURR BT HIRT OREE 106 = 16 = 1 Y LUAE, FRZ 4 Redfield LLP. 732 B
Va5 A0 J5 5 Wi 5 2 Y IX 35, TOC, TN, TP 19 HU(E A A 20 25 Redfield HU A, R 6 s 1] 01 XA L
K PR AR AL 1 FE B S bR, TOC/TN, TN/TP. TOC/TP 13 1434 ith £k WL IK] 4.

TOC/TN TOC/TP TN/TP
4 10 16 18 33 48 0 3 6
0 r T T 0 T T T 1
30 F——— —5gt » — — — 26 cm(20024F)
E EE—— — — 56 cm(1990
5 wf -t (1990%)
k=)
ﬁ% - N — — 74 cm(19804E)
90 - 90
120 | 120
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B 4 VYIEWF TOC, TN, TP HH A HRAE
Fig.4 Distribution characteristics of the rate of TOC, TN and TP in the sediments
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TOC/TN B HBUE L N 6.13—14.13, SEH{E M 10.13. TOC/TN 2 FH TR A BILJT S U5 5 591 £
R bR. KA B — s S E BB Z P48 R, AH LB AE 4 R = S e R B Sk = B R,
VR VE AR ) A HILT TOC/TN 5 3k it 4K 271, 8 i € 2 A7 MILBT ) TOC/TN A 3—8, i Fufi b A7 47 A AL 5 114
TOC/TN 7K V-8 15, 35 R 14—23, AR DT H A LT TOC/TN 7E 5—20, # 85IA R 52 2P 5 Y
M2, G 2T = A ARAE ) TOC/TN (1F-3{H R 10.13, BB B DT R s BILSE R A= U 1.

TOC/TN £ 146—74 cm i [l N % 33 K, AT BB 2 1 8 A9 T 3t 4F B 428 a0 A48 25 2R 00 R ml i
74 cm L 132 KTV 7K BEAG S 04 5 0 17 5 Bl A2 /).

TOC/TN [ {8 f4 3 [6) 43 A [ F i b4 3 Be: 146—74 cm & 2518 [ A%, 74—26 cm 2 5GF% 5 T,
26—0 cm XJE BT FEAR. DU TOC/TN () 2 ] 434, J2& XA R RR B 3014 ML )3T g AL e e iz, ] A4
W U RR Y TR WL AT | B Sk IR 4K. 74 em DL TOC/TN FU{E7EZE1E - TF, FBIA WL R IEIF 46 &
AR B U ) BT AR T 0, R A T R N 2L 74—26 om TOC/TN HLfEE SE R I T, Ul B ki U5
1) BT Bk AT — B[] B2, {H - 30 A el A8 TT R 4 i 5 79 D iR B8 R B A ) AR R 5. 24—0 em 7R EE ] |
Wi U5 A HILBR L0812 5 R AR, Y A WL LU G2 20 T i, 3ok O — g 2 5 R ol AT AL B i A R 2 T bl
A A RE S K2 WA TR R Ve A .

2.42 TOC/TP iy HHAE 1k

TOC/TP M BUE L Fl Ky 22.75—45.20, SFEH4{E S 31.92; Hoafe [m) 28 b a3 J2: 146—74 cm 2548 F T,
74—56 cm 22 FTF, 56—26 cm J&2GE TR, 26—0 om S [ T}

TOC/TP T [1] 74 cm LA A3 3h ) 2t 2 i A9 1T 3 A 41 PR AR I A8 22 R B R 1S LAY, 74 em L)
TRV K FEAE HE LA 193X — B 8] Bt f 21/ 2.

UUELH TOC/TP L3 il A Fe B A S 48 78 2 . MR/ BT 6 B, TOC 5 TP Y 2614 A1 e 1 2%
(R=0.15, P<<0.05), IXBiH] TP (W254k 5 TOC 8L R A K. 146—74 cm (1) TOC/TP WAEZZ 12 |- T,
RS P& BB WA 2, R P BRA MLBHE S SN, A AE TCHLBE, B [A)E 5 AR R 85 (14 18 =X
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TR P £, 74—56 cm i TOC/TP H{E 2K LT, 7l 8 3522 5 sk BG VR i A 9 TOC B 538 Ay
5, ST T UTRR ISR X 7 R R 45 A A8 A 18— i [0 (8245 4 2 BH X B Ik ) P9 P i A D20, L TR Ry
NGB B2 0 A AT BEXS N, {H TOC A3 finsk B2 BB ). 56—26 cm 9 TOC/TP HL{H 20 T [, vi i
MG SR VT 7 SRR G5 M B — Uk A T A8, A ] gt 2 B A O 5 A SRS BUR R THEH,
i3 TOC &M S N . 26—0 cm [A] TOC/TP H{H AR fb I AR R UTRIREE B FR ER 4544 (1) it A2, h
ST Z WAL AR 25 R T R IZ A YBE T, P AR B, RIZTURY P & A R
fi%, 1532 TOC/TP Ab1ER i /K-, Bfij5 TOC/TP HU(E 2 i A1

243 TN/TP i HAE 251k

TN/TP J&7/K 1 N P ST s th L B Fi 8 285 5 R A 2875 OB TNVTP 5 # FH R Hl 2 J2 32
N BRI & P FREI, 27 LB /N T 16, R P BRI BE487T 11 DLA ) o G TN/TP B FE 1.77—4.70 Z 18]
Ak, ¥/NF 16, KT Redfield H, PEBHHDIRAE S 52 P FRHI.

SRR AT, TN/TP B sh A RARIZL, 5 TOC/TP BA U T (7 A8 fh i 3. 146—74 cm &
218 [ TF, 74—56 cm S22 FTF, 56—26 cm S T, 26—0 cm & 258 7.

MR, IN S TP A — & 1Y A 6 (R=0.43, P<0.05), £ 8] TN 5 TP #] fig [7 45 25 4k,
146—74 cm 1Y TN 5 TP #RAEIG I, A+ 43 F15%; 74—56 cm 19 TN 5 TP HGMAR e, 2 bl vy AT 3
IR 25 5L, RS0 T 05 T3 K JR I 2 550 Bl G5 56—26 em 1 TN 15 TP (19 [ [ A 2 UK R 2 2y
S (R3] 138 FR b 4 My i A8 5 [FIRE, 26—0 em TN/TP H{E 978 Ak 535 22 2 10 AR WAk 4 o 6.

2.5 ULBWIH TOC, TN, TP 35 i fo: A5 Th KOt 3t 380 20 3l 1 i 7

] AR A B 3 A2 DU LB | S iE e A i sl R B K E AR DB R
EMRZ HZEBHI A0, 75— FEEE b e AT 3l BT ok i DURREA B 1 A2 1.

g 2 YT 3 I GE AN [R) U AR AR A A9 A U5 22 2 M0 & 25 2 UL IAT 5. TOC 19 ML 3 & ok 2717.63—
783.58 pmol-a '-ecm?, “FHJ{EH N 1413.30 pmol-a'-cm ™ TN ¥ H j 18 & &y 245.86—75.69 umol-a'-cm?,
SE{E R 142.20 pmol-a '-cm 2 TP AYHEGE F4 62.24—27.73 pmol-a'-cm 2, “FX{EN 43.5 pmol-a '-cm 2.
25 A R L 2 G B AE 1980 AR AT (74 em) A I s AR, (H TR AR EAIR, 1980 4F )5 ik sh 28/, 1
TR 2 1 4 B 4% 0, 1990 4 (56 cm) HifJ5 35 B (E, TOC F1 TN A9 UTELIE 5 1990 4 J5 FF 4 T [
TP {i 1993 4FJ5 KA WA 724k, TOC., TN 7E 2005 4F B A5 2 b5 A1 a8l vk 8 (85 3% 1] Tt

BFoc/(umol-a~!-cm™2) BF/(umol-a™!-cm™) BFp/(umol-a™!-cm™2)
700 1750 2800 60 160 260 25 45 65
2020 ——— 2020 ————— 2020 —————
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1990 — 19904
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1945 L 1o4s L toas L
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Fig.5 TOC, TN, and TP burial fluxes in the sediments at different periods
A L ZR B0 BT 5 RN (7] P 30 TR O RR A A e A N S Sl A S R R . AR TR
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