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Spatial-temporal Distribution and Poﬂutlon Assessment of Heavy Metals in Sed,lments
of the Yellow River L . Pl N

!

WANG Tao-yi, PAN Ba:o Zhu , HAN Xu, WANG Yu Zhu LL Chen huii; DU Lei g N Yy
(State’ Kev Laboralm} fof Eeo- hydrauhcs in Northwest Arid _Beglon of ma___,.-XJ an University of Technology’ .Xl an 710048 (}hlna) 4

Abstract: Heavy metal’} po lutlon poses a serious threat to aq‘lldtlL ecosystems dué to its characteristics of Wxicily, persistence, non-biodegradability, and blodcaumuldtmn

Adsorption of heavy/metals by sediments is enhanced When the, pamcle size beomes finer, and the specific suiface area bec6ines larger. The sediments of thieYellow River
have _the characteristics of fine particle size and easy sispension’ BasedAl)n these characteristics, to clarify the spanal ~temporal distribution and the ecological risk of h heavy
métals in the Yellow Riverisurface sediments ( <63 }Lm) Y 1mesngdt10n was taken in spring and autumn'( April to May and September to October, respectively) of 2019.

Througﬁ the field investigation and/Taboratory experiment analysis, it Was found it @ The order of the 10 heavy metal contents in the surface sediments of the Yellow River
was; Mn >V 3€r >Zn > Ni> Cu > As > Ph > Co > Cd; the'average contents-of V¥, 'ﬁs and Cd were higher than the background value of loess rock in two seasons. The overall
change trend of the 10 heavy metal contents in spring was gradually increased from the source area to the middle reaches and then decreased to the downstream. @) Under the
condition,of different spatial-temporal distribution, the contents of nine heavy metals in the surface sediments of the Yellow River had significant differences, except that of Cd.
The contents of these nine heavy metals in the middle reaches of the Yellow River were higher than those in other regions due to the interaction effects of region and season.
(@ The ecological risk index (RI) showed that Cd in the surface sediments of the Yellow River was at a moderate ecological risk, and the rest were at a low ecological risk.

The index of geo-accumulation (1) showed that except for As and Cd, which were at a lightly polluted level, the remaining heavy metals in the surface sediments of the

)
geo
Yellow River were at a pollution-free to slightly polluted level. To reduce the health and ecological risks caused by heavy metals in the surface sediments of the Yellow River,
the prevention and control measures against As and Cd pollution deserved attention, especially in the Gansu-Ningxia-Inner Mongolia section and the reservoir area in the middle
reaches of the Yellow River.

Key words: Yellow River; sediments; heavy metals; spatial-temporal distribution; pollution assessment
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Map of Yellow River from source region

to sea and sampling sites
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Table 4 Two-way ANOVA results of the effects of season and region on heavy metals content

HE)E fEH Pl i n* Hey LR fEH PAH i n* Hery
=1 <0.001 0. 04 HiE s EEH eS8 0. 671 0. 001
v XI5 <0. 001 0. 105 I X Cu X35, 0. 561 0. 007 i > i
ZETA x X3, 0. 404 0.01 ZE x X3, <0. 001 0.077
=y <0.001 0. 154 EEi] 0.01 0.023
Cr X 3% <0.001 0.075 i > JRIX Zn [X 35, 0.168 0.017 i > T
ZA x K, 0.321 0.012 Z x X <0.001 0.052
eSSt 0.173 0. 006 e s L ESat] 0. 844 0.01
Mn X 5§ <0. 001 0.7 Gegp FymIEK As XI5 0. 207 0.016 HiiE > T
ZT x XI5, 0. 009 0. 04 ZEAT x X3, 0. 047 0.027
ESSi] 0.251 0. 005 SNt 0. 448 0. 002
Co X 35 0.055 0. 026 Pl > R X iR Cd X 35 0. 112 0.021
ZA x X, 0. 002 0.051 ZEAT x X3 0.528 0.008
=1 0. 442 0. 002 i s FiEH eS8 <0.001 0.037
Ni XI5 <0. 001 0.053 2 FWRIEK Pb X35, <0. 001 0.053 HliE > i
ZET x X3, 0.018 0.035 ZET x X3, 0.053 0. 027

1) BAFHRR P <0.05
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Ni, Cu, Zn. As, Cd Fl Pb (9¥AE A 516 FE R B E
HEBEHE (B 4338 2.33(1.55 ~4.26) |
2.74(1.39 ~5.76) . 0.92(0.47 ~1.63) . 4.95
(2.83~8.93), 4.58(2.26 ~8.92) . 5.13(2.41 ~
9.08).0.89(0.48 ~1.53) , 16.72(9.48 ~29.58) .
46.84(18.63 ~155.88) F14.41(2.89 ~8.31); #
Z- M (FE ) 203 2,11 (1.25 ~3.71) . 1.99
(1.20~3.70) . 0.87(0.46 ~1.90) . 4.49(2.60 ~
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0.81(0.50 ~1.54) , 15.97(9.56 ~30.74) . 42.66
(7.35~251.85)F14.03(2.44 ~6.75).
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Fig. 3 Box plot of heavy metal contents in different regions in the Yellow River
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Table 5 Distribution of heavy metal contents in domestic river sediments/mg-kg ™"

i H A% Cr Mn Co Ni Cu Zn As Cd Pb SCHik
DiRliE == 82.95 86.93  569.81  11.15 28.22 22.85 60.92 19.81 0.16 17.31 BN
pilipy &= 75.01 63.11 532.03 10.09  26.33  21.98  54.87 18.85 0.14 15.83 EN TS
RKiraz NA 89.54 NA 18.53 37.40  82.00 174.00  52.40 2.46 60.00 [28]
BRVT K NA 75.00 NA NA 30.00  38.00  162.00 NA 1.67 47.00 [29]
WAL RS 72.70  67.30  740.00  12.40  31.00  22.50  65.40 12.70 0.10 21.00 [20]

1) “NA” 7R SCHk TP %A A 58

TR FURBAS R R UURI T As A1 Cd 7 bt
R SN, S ERTIRKR AT K VT A ZEXE I, 20
RV Zn | As, Cd il Pb & Hz{IK F3X 1 5%
L, 3R TR T RIBRIT 2 4R, 57
TR 6 5 ST P 5 4 R 3 0
BB B 7 S B T e 52 T L 76 45
Hi | IS X K - 2 B, o8 4 K 32
B 1731 K R 20 T A xR VD4
HASRPII TR TER IR .
3.2 7R HO R Z R 4R o WA
ATFFELE R B Cd A, K B R

FeY S A LR RO 25 77 A 835 25 S B

i R R 0 T A A 3 A X
I AP P O U B A P e
W B Bk b R KRV

e TS AR GNOWEZ S aihih & T
S I g IR T 4 Ak B AT

P DCHEET FIRDK IR VDI, e X PO SR s 22 4
U IERSTIECIRCY W 9 e N N
JEC P DX AU 2R TRV 0 T 4 2 e T I
EESTIETEE S

B 7 2SI 2 A B TR UL T 4R
T fP2E RN IA] B2 50, L 2 P B R LA
910 R 48 ik, 4 AR B TR T RE R H
T L e BBk T K I i 4R 80 ]
WIS IR SR T, LB B A e
KU | TR B 4 TR AR TR, Ltk T
B P A LI AL, T L T 4R ORI, 3l
{40 A BT R G O B T B B
301, FEREAE A S LR K PR R I,
ALY B0 T T i BERE OB R M
Co, Ni, Cu, Zn, As Fl Pb & 2K E R TH
2 BT YR K0T e S0 A AU K R
SR O LK SRS R RN R
HORBL TR 7 PR SR TR BA. R
SRS R UR TR T 4 & R AR A
PR B0 25 53, 50 ph T DI R 454 e v
A M) N, A R SRR AR, A5 e ),

AT 5K BRAY B E MR, 155 K R
SUBWIHR Co . Cu. Zn 1 As HO SR,
3.3 W RIZTURWE SR IE YT

RIPFHY45 5 5%, ool 3 222 VLR e (s
Rb T A A | W T B A =3 11 45 )
FEAUAN, B0 RIS (TR 8 TR, X ST Y
T O AL B, (LT G e 2R
fe RS, R T &R VU IR e
fi ¥ As LRV, 15 HIFI 745 15t #LCd A
As A g e oy ik s — B T A B
NI K 1 B 7T e i, v L 2 e AT )
I LR 5545728 PR 5 1 L s Tl , A Y S
W A 2 0 PR VR, 152 4 A
YL AR I UL R T B AL R TS S
JEATAER AN Cd i T5 e | FLZE R T4 1
2 A2 F /SRR AR 5 2 £, T AERK R 1
WL T AU RT R, AP AE R K5
AL Y 2 A A BT AL, BT S0 T IR A T
PRIAH T HRAZS M5, IR X S 1 75 e H i
VAR s R X TR Vb i B AR, S B0
XA RIFEFE S5 IR R B, JE R A T i
J7 19/ NRIEEIX /MR X ) RI A ) 1 #3h
U B R, 2E A R F TR AR D 301, 55
ROV )T HERIC, PRt 2 3 578 1 IX 401 F T g
TFER T 4 IR 5.

Ho EBUERL(1,,, ) A TR REB T, B0 F i
RIZVIBAES As B Cd BRIE ~ DRSS,
HIEAER T, 25 IR S0 TR 2R T As A1
Col HT5 RS 05 A0 T L.

4 Hig

(1) BRJZ VTR 10 Fh 4 )8 & = K/
HEFF M :Mn >V >Cr>Zn >Ni >Cu>As >Pb > Co >
Cd, HA3 V., As Fl Cd (P8 & fE /R Mk
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A A FA IR IX 2 e T i IS A R TR
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