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Effects of water and sediment discharge regulation on sediment environment in the

Yellow River Estuary and adjacent waters
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Abstract: Based on geochemical properties of sediment observed in Yellow River Estuary during the water and
sediment discharge regulation (WSDR) project period, 2020, the changes of the content and distribution
characteristics of major sediment factors in the surface sediment were analyzed, and ecological risk assessment
and pollution source analysis were conducted on heavy metals. The results showed that the contents of silt and
sand were higher than that of clay, and the content of silt increases, while the content of sand and clay decreases
during WSDR project; The sulfide content did not change significantly during WSDR process, while the
organic carbon content increased significantly in the middle and later stages; The WSDR project leads to an
increase of the contents of Cd, Cu, and Zn, while the contents of other heavy metals did not change; Cadmium
was determined as the principal ecological risk factor, and its contribution ratio was the highest among six
studied elements. Cd pollution in the middle and later stages was more severe than early stages which was
affected by WSDR project. Pearson correlation coefficient between environmental factors showed that sediment
grain size and organic carbon were two important factors in the distribution of heavy metal of cadmium, copper

and zinc; other heavy metals had no obvious correlation with grain size, which may be caused by
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comprehensive factors. The analysis of pollution sources indicated that Cd, Pb, Cu, As, and Zn mainly come

from composite pollution sources such as natural weathering, terrestrial river input, and fossil fuel extraction

such as oil and gas; Hg mainly come from atmospheric sedimentation pollution and was not significantly

affected by WSDR project.

Key words: water and sediment discharge regulation (WSDR); Yellow River Estuary; sediment; heavy metals;

distribution characteristics; ecological risk
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Fig. 1 The survey sea area and sampling stations of the

Yellow River Estuary
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Tab.1 Toxicity coefficients and background reference level of

heavy metals
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Tab.2 Grade standard of potential ecological risk
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Tab.3 The contents of sediment environmental parameters
- VAR PP R KIS A PRIV I
L T L FEE 10, T

WA/mg-ke 3.74~258 10.1+5.20 4.01~453 10.3£9.13 3.44~19.0 9.28+3.94

AL/ (%) 0.00519 ~ 0.409 0.178+0.131 0.0894 ~ 0.569 0.285+0.131 0.0933 ~ 0.487 0.28440.129
Hg/mg-kg ' 0.0134 ~0.0680  0.0280+0.0122  0.0166~0.0477  0.0314+0.0105 0.0107~0.0372  0.0225+0.00690

Cd/mgkg ' 0.0508 ~0.177  0.0953+0.0334 0.137 ~ 0.241 0.182+0.0318 0.0745 ~ 0.202 0.129+0.0394

Pb/mg kg 9.34 ~26.4 15.1+4.51 124~ 184 14.9+1.93 12.0 ~ 28.7 20.4+4.48

Cu/mgkg”' 6.27~243 14.1+5.05 14.0~223 18.1£2.00 10.0 ~28.7 18.4+4.84

As/mg'kg ' 5.47~19.5 10.6+3.77 8.45~10.9 10.0+0.725 6.81~11.9 9.44+1.63

Zn/mgkg' 24.9 ~54.5 43.9+9.74 475~763 57.0£8.54 24.1~70.1 47.0+16.4
W/(%) 1.01 ~92.62 21.87+23.23 0.39 ~ 41.24 16.90+13.98 0~90.50 20.06+23.52
b (%) 7.38 ~ 89.26 71.65+20.00 56.65 ~ 94.05 77.76+11.08 9.50 ~ 90.04 72.96+19.96

A +/(%) 0~15.56 6.47+4.19 0~15.05 5.3444.46 0~17.39 6.98+4.74
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Fig. 2 Horizontal distribution of environmental parameters in surface sediment of the Yellow River Estuary
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Tab.4 Statistics of heavy mental contents in surface sediment of the Yellow River Estuary

WFFE 5% Hg Cd Cu Pb As Cr Zn TR A
1 (20120 804FAR) - 0.11 10.87 6.80 - - 35.44 [23]
HHA] 1 (20064F) 0.049 0.16 24.81 18.62 9.63 30.95 33.08 [10]
KILIT(2006%) 0.052 0.13 23.03 22.10 6.51 17.87 75.75 [10]
BRI (20064) 0.086 0.51 11.94 24.61 17.73 15.04 29.47 [10]
HHAT 1 (20104F) 0.0444 — 16.5 16.0 6.5 17.4 21.0 [24]
B 1 (20204F) 0.0280 0.0953 14.1 15.1 10.6 - 439 ARBFFE

22 HEEJRWBTEABKE

PERK VR VD AT, 25 00 R W E AR S FH R AL
E MWKFN/IMEY A Cd. Hg. As. Pb, Cu Hl Zn, 43
AR 3177, 31,12, 11,76, 3.77. 3.21, 0.69. 11.7%
A2 Cd F1 He & v 78 Az 28 AU, BT A i o7
As. Pb, Cu. Zn ¥JJ@(RWE 7 S XU, TR 2
Cd Fll Hg 1544380 ™ 5

PR JH V> Th I, £ 00 R W TR AR S H R AL
E MWKEN/IMEY A Cd., He. As. Cu., Pb Fl Zn, 43
4 60.69., 34.83, 11.15, 4.11, 3.73, 0.89, 94.4%
)l A0 Cd @ W A AR A KU, 5.6% 1Y 3 or
Cd JR B = RAE A SRR, 44.4% ub 4 He g o
A S KRS s A Wi As. Cu., Pb. Zn JB KT
TEAERSAR . T Cd. Hg 15 Y8 5 ok ™ 8

PEKJHVD J5 1, £ 00 R 1 AR S H R AL
E MNKREIMER M Cd. Hg. As, Pb, Cu Fll Zn, /3
SR 43.04, 24.94, 10.49, 5.11, 4.18, 0.73. 55.6%
1y b 457 Cd Ja v 7E AR S KU, 5.6% 1Yl i
Hg J& h v 7 A 45 XU, BT A 357 As, Pb, Cu,
Zn JEARIEAEAE U

Ve 2K WV 5 FE e, Cd W TE AR A G E R
E 3, 1F 24 60.69, JL-T- 2 1 7 1 w5 4% ,
Je W TR A PR AG, o s SR A S G R
BAREA TR . KAV ETHA ., h ., 5, cd ol
F2 B AR A SRR R T, Cd A P A A 2 AU TR

FHEER &, 5 Cd SR & A Cd AW R
SRAT K VKRV R, T Cd 15 Y
2.3 MIEtEMT

AHRNE AT A R s (R 5), TRV HTH,
ALk &S EEREENRMALCR
(p<0.01), 554k 4 & m A 5 5 AR 0 3 A9 IE
FIK 2 (p<0.01), A HURIE R AR R 5 VT
[ AR AR 2H A A OC, & A2 K Bl 152 e I 2
Cd. Pb, Cu. As. Zn & 560K &2 k&
() IEAH 6 2 (p<0.01), Cd. Cu. Zn & & 545 1
TR E AR (p<0.01), 510 &
R B A ICOE R (p<0.01), P HITTARY) H
&)@ Cd. Cu. Zn & 1 32 0 42 A4 HLIK & 1 5
M, 3X 5 Bilali 252 FI#X e 45 gyRIFoE 2 35—
B, ARIAR Y HA B R T AR, iR T
W o 4 Bk R B T, BT LA, B AR R TR
(9 48 S it s, ARBES, BRI AR
AL K vh p FUT Ry v AR AR 2 A (AR L R
& B, MR R & B EIK, Cd. Pb,
Cu fl Zn 55 JUF 25 (] 43 A 2 AL 3B S rh R
TRV AR AT, SR L KD B s [R] AR Ak
HA B — 200 APk BA KA R A Dhhe
P IR | M PR B RS 45 ) | X SE T BB 1A B A
5 10 BH 35 T 28 #e i (CEC) , ‘B ] 3 32 1 4%
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. Cd, Cu g Zn BRI AT WAL, BT EAIEHDEER (p<0.05), As & ik 5K+ A AT

F 5 IRIEHEHRIE) Pearson X REL
Tab.5 Pearson correlation coefficient between environmental parameters
Y AR He cd Pb Cu As Zn  EIFW W Wb Kt
w1
AP —0.140 1
Hg 0429 -0.115 1
Cd 0.164  0.703**  0.028 1

Pb 0326 0.686** —0.028 0.890%* 1
Cu  0.025 0.866%* —0.042 0.902%* 0.861%* 1
PRIV AT
As 0320 0.647** —0.068 0.823** 0.963** (.815%* 1
Zn 0103 0.813*% —0.108 0.754%% 0.782%% (.888%% (.744%* 1
B -0.056 —0366  0.013  —0.184 —0204 —0271 —0.328 —0.292 1
0211 —0.675%* 0.066 —0.632%* —0426 —0.737** —0.419 —0.726** 0.300 1
B 0211 0.615%% —0.056  0.584* 0396  0.690%* 0406 0.698%* —0.303 —0.992%% |
Kit  -0162 0.806%* —0.099 0.712*%% 0.470* 0.795%* 0386 0.694** —0217 —0.807** 0.727** 1
w1
AL —0.133 1
Hg —0.168 —0.480% 1

Cd  -0.101 -0299  0.445 1
Pb  —0.108 0364 0011 —0.326 1
Cu 0051 0613** -0376 —0.153  0.111 1
WK I A
As 0137 0183  0.071 0409 —0.425  0.043 1
Zn 0295 -0326 0.187 0.637%* —0.518*% —0.086 0.574% 1
BIEY 0043 —0358 0325 0175  —0.059 —0.133  0.004  0.048 1
b 0406 —0.654** 0369  0.115 —0.154 -0.508* 0291  0.159  0.202 1
M —0.503* 0.500%¥ -0.216 —0.047  0.105 0388 —0.303 —0.087 —0.130 —0.963** 1
Kit  —0.022 0.807%* —0.621%* —0243 0221  0.627** —0.158 —0.283 —0.312 —0.743%* 0.535* 1
R/
AR —0.168 1
Hg 0019 —0.103 1
Cd  —0.134 0.588*%  0.409 1
Pb  —0.164 0.655%* 0.175  0.747** 1
Cu  —0294 0.659%* 0.117  0.718%% (0.592%* 1
KRV S

As 0.245  0.635%* 0239  0.606*%* 0.471*  0.499* 1
Zn  —0.081 0.701**  0.290  0.882** 0.721** 0.625%* (.794** 1
BIEY 0019 —0262 0152 —0432  -0.178 0.004 —0.404 —-0.516* 1
1 0.156  —0.714** 0.105 —0.692** —0.698** —0.598** —0.456 —0.666%* 0.132 1
B 0121 0.640%*  —0.138  0.634%* 0.671%* 0.527* 0429 0.626%* —0.093 —0.990%* 1
Hit  —0267 0.844%* 0061  0.765%* 0.640%* 0.749%* 0452 0.671%% —0.266 —0.794** 0.698%* |

E: HOR B (p<0.05); T F AR B EAIK (p<0.01); T, AR SRR R =18
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K 2B N 0.386, Ui Pb. As & R TR ki
wRemAh, bz B HALFE KW, He 5 Cd,
Cu & HAlh 5 4 J& JC R W AR AE W AH G OC R,
SR A UMAFEREMLRR, 5 R
R JEE T B 7 P RS, DLW He RS2 BT
Yk FES2 W . BRAk )5 E AR oo R A0 W E A
KRR, G Wb K WA AE B2 A Ok
R, B S HASE bR AR B R

WKV H I, A ALK S 2 SR 1 B
BENEMLELER (p<0.01), SHibSE R BH
BYIEAH SRR R (p<0.05), S0 & & 2R &1 7
AH K OE R (p<0.01) , AH S A% 55 18 K I8 0 i 1) AH
L, FEzZK S wm, ELEELEITE T,
Cu 54 HLx ARG + 75 5 2025 W IEA S R
(p<0.01), 5 & &EE B FHNHMHXLER
(p<0.05); Hg 5k - & 1 S At 2 09 Tk G 5¢
A (p<0.01), 5APIK S &2 B FENAMHLCKER
(p<0.05); Zn 5 Cd &t 2 W F M IEA LR
(p<0.01), 5 AsFEEREMIEMHLXLR
(p<0.05), 5 Pb & & B I 3 ) A 56 & &R
(p<0.05), HAhHE 48 TR Z M AA A, &
T 5 HAMFE AR AN AR B 3 A O OC R, AH S
T, BT FARIAKE R, KT B IR K
A B I Bl TR, 2 T 0 e e v 1L 4 LR DT
TR R 4 R WG 25 BT 2 Atz 2 47, L
BV SESRMHCCEANAE . WA T
W, 2K N, £ ELSRZ U N SA
BLA . 7 B2 A RH DGR AR

VAR VR VD 5 A, I A R 45 A5G 45 A (B B9 AR
5 IR AK VP RTIAARL, BN Cd. Culy
Zn HAVURRIERPE, 52 DU R4S 41 53 FLA L
W& B2 ; P, As & B BRZ VTR kAR 4 7
SEM AN, i A7 2 HAth [H 2 19 52 s He A A2 TR
RAR L 435 5 B Ak 4 nT e 32 22 PP il I R 1
=]
2.4 DU E 4 TS YL IR iR

PRy P Ut o B Ry i B e e
W B, ] TR W E 4 R K2 Ui T
el Tolk, Jm RAEE R A HES, I i R
+ BE RO AE SRR R AN B T 2 AR B R VR T
oo BN DA T3NS 5SS 2 ), J& T

FAE ] EE TR R X, 45 B4 b BT B e T TR 4R
VR Z R A ek, AAUE 3200, K+
TR0 F AR TR, 8 Tk s ded . i HiTs
W _Efas . RATURE LA K 7= FE 50 25 1k R
PO AN, R R GG IRRIT R | R
Bl U L T B R BT 9 R R 4 R G K
V5o T4 JE A i N R e LR T 11 G0 R i
WY T & RS AR E R IR R 2 —
VAR, A3 HT (PCA) J5 L EL )12 i
TR R 53HT, SR FH 3 o o B if
E K YD T R 4 SR R IR AT AT, 1 e IR R
PR M IR T T — AR A R, LURRAR(E =1 B9h5ifE
P 2 A F Sy, 43008 PCL A PC2, 24
B 0 it T 2 LU AR IR AR, AR AR AL 23 531
5.088 I 1.465, 77 5l it B & J7 22 19 63.596% Fil
18.309%, Z1T 7 22 BTk FE A 81.906%, A LA i
OB 4 T B0 1 K o 15 B, & i
Wi | FPOEAEL RN 7 22 DTHRSRA T-3R 6. A ALEK . Cd.
Pb. Cu. As. Zn 7 PC1 | H A % 09 1E 8, X
E T 4 T RE LA AR IR . A R A
Fh it R TR B 5T A L A SRR R R 8
il Cd A EEF K B HRRIESL, 87T fE
K B, HEZ . TG e b ik
W5 K Bt FAE Tl s A0k T B b A B AR
SO AN Rt R sV o I NE S b S A I RATA
P As M EERE . 19 4l 40 LD
S, EI PR RE As & EE 2 A4 LK
Pl IR R 30 30 RS I 1T % 2 B
Ak, AN, As SEALRE AR 25 /) B L 4Y, As B
T 1) v AR s Wi T s %) A 24 ek RN Ak AE 3 B
e SO R R N I e W | o 7
HRY Pb E R A BT A SR XA, [l A2
NSE TR e AT T - R b E o L LIRS
BEEHEAR, BRI IF R SO e A BRIk e
He L Po i Rk mg s E 3k
AR AR HT AR Cu 5 B AR
T B VDA OC . BT NI 152 F ik 13l
FERIX, Al RARZESFA A BRI 5 1 s T
RESE VAT 13T AR5, Cu A1 P I ZR TR, Zn 5
Cu IR 2247 SR AH I, HLAT RH B A8 T R 1 I
Cu 5 Zn M2 BN 0.888(p<0.01), TAAEtt B
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B oH %

% 43 K

IEASERK R, VA Zn VR T1b A Xk | 221
HERL . fe A R e sl it e 55 . L, PC1 22
FB 3 AN GG YR —J& AR RB IR 2 T
el Az 7= | T R TR B VR AR A N TR =Rk
A RRHE R L BRBEI5 YRR . 2017 45 ¥ 43
B V5 K HE RN 44.94 42 0, b b R
AT A L AR = Y HE R S o
17.26 20 | 22.61 {21 5.06 42106, (5 Hb 4351k

38.4%. 50.3% FI 11.3% ", #5447 2 A5 19 HE
15 PN, R DR B TR 4 e o 2R 4
R P EPEN 2 . He 78 PC2 L HATH s  1E 2%
far, WFFTIN /NG T 1 30.3% AY Hg 3 @ Tl TG
SRR AT S B KA DTRE, BT 53.1%
1 Hg & A T2 Al i sh A5 5 R A7 S i K
AUTRES, B  PC2 A T R R AT TS S U,
PPV XS TR He & 8L 52 /1N

®6 ERASIITHER

Tab.6 The main calculated results of principal component analysis

T . - 4 AN B = =X A N — EEEE%
R AR DR/ (%) Fit vk (%) TTHE
PCl1 PC2 PC3
1 5.088 63.596 63.596 Nt 0.194 —0.883 /
2 1.465 18.309 81.906 EELiIN TS 0.842 0.233 /
3 0.834 10.431 92.337 Hg -0.093 0.759 /
. 4 0.238 2971 95.307 cd 0.922 0.061 /
ATV R
0.182 2275 97.582 Pb 0.950 -0.095 /
6 0.133 1.667 99.249 Cu 0.963 0.149 /
7 0.038 0.475 99.724 As 0.916 -0.127 /
8 0.022 0.276 100.000 Zn 0.902 0.057 /
1 2.937 36.718 36.718 ik ~0.094 0.094 -0.887
2 1.623 20.291 57.010 WA -0.692 0.473 0.354
3 1.273 15.909 72.919 Hg 0.536 -0.559 0.243
o 4 0.796 9.955 82.874 cd 0.763 0.120 0.249
VEZK AL H )
0.496 6.204 89.077 Pb -0.621 -0.369 0.330
6 0.413 5.158 94.235 Cu ~0.443 0.701 0.180
7 0.307 3.842 98.077 As 0.602 0.543 -0.155
8 0.154 1.923 100.000 Zn 0.797 0.374 0.274
1 4397 54.968 54.968 itk -0.150 0.818 0.467
2 1.285 16.064 71.032 FHLAR 0.809 -0.246 0.373
3 1.071 13.382 84.415 Hg 0.289 0.526 -0.765
o 4 0.444 5.549 89.963 cd 0.913 0.075 -0.214
PRIV 1A
0.365 4.557 94.520 Pb 0.825 -0.122 -0.027
6 0.247 3.088 97.608 Cu 0.803 -0.282 -0.029
7 0.149 1.857 99.465 As 0.775 0.404 0.284
8 0.043 0.535 100.000 Zn 0.936 0.124 0.012

K 32 B3 43 AT R R AR Vb b ) 4 e
RRIEAT AT, LURRAE(E =1 bR AEFR I 3 4
F R, FRAEME 500 h 2,937, 1.623 il 1.273, 43
B BT 22 19 36.718%. 20.291% F1 15.909%,
L)y 2% TTHR N 72.919%, AR T IR A VR

9, FE R (RS A R Y B DT 22 80D, IR
H1 T IR RS o3 52 K Vb N RS2, 45 IR
(1775 G My AR 22 s NI, RIVEE & Jm R A 2%,
ERG AT AN

>R FH 32 B 4343 A v e R K R v i 390 G
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VR IEATAAT, DARFIEAE =1 MbRvESR U 3 4>
F R, FRAEME S 3R 4.397, 1.285 1 1.071, 43
I B T 22 1Y 54.968% . 16.064% 1 13.382%,
b Z TR 84.415%, TEKVE VD I # T
3o BTt A R S ETARARL, A LGk . Cd. Pb.
Cu. As, Zn 7€ PC1 b HAT #1519 IE 2k for, Hg 1
ALY fE PC2 b BLATH S I 7 .

3 &g

(1) BEIR] 11 2T TR ST AR ok B 2H A A b
hE, AR, K D, KR T
Wb b, B0 RORG B B AR AR IR KR VD
i AR ALY B T B ARk, PR KR VD
S 39 ML 5 e A i 3 B R T ROK R Y
# Cd, Cu. Zn F M &, HALE 48 & & o
Bk

(2) VAR U F 3 AUS 0, 454 s oC R A
A A F R ECE WK E)/IMEIR R Cd. Hg. As,
Pb, Cu. Zn, TR KA Cd. Hg. As. Cu, Pb,
Zn; Cd (ARG EFE R E B, W F B RS
RS R 5, 2 JHAKJE V2, d i 5 Cd 5 g

(3) PEZK A VR 30 RS 3045 OB ER BT 46 B 7]
F PR AR, DR MR AR A1 A HLAR & 5 Cd.
Cu. Zn & HAHK, Pb, As & & 2 DI Y kLT
S AL, 3857 HA PR R 52, Hg & &N 32 60 B
EER IR A TP &R B i N U DN 07
i), 7 4 S 5 A WK | KRR SRR AT

(4)F HLEK . Cd. Pb, Cu, As, Zn 7£ PC1 L
EAT R R 3, FETS YR R [ SR RL L B R
2 AL A BERE ISR, A2 PR K R VD 5 ) 2
Hg 1€ PC2 | B 5 @ R 8y, EE IS Y K
SULRE, Z PR VAVD S AR B G K IR Y
W1, 2KV N B RER, TEA R R IR A A%, A
N
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