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#i LRSI HBRRENRYESE 5 ER X ITEG
oM ERAHEE FEERRRE R FHNCE K

(IR AFARTFR,AHE H 2 453000)

EL PPN R R0 ER B DU E SR A A KR K, SR T S R VT YRR R R ] R AR S R IX
PEAL IR P . 2020 4F 9 H i IR TR ) H B LA B 3 SO CE T BT kAT R KD 18 AN . SRR
L ZVURMIRE T, 23 BTER (Cr) Al (As) « 7K (Hg) « 4 (Ni) < 4 (Cu) « £ (Zn) 47 (C) Y (Po) & 8 M EE G B L RS = 1N
25 ) 4 A R EFD SRR L SR FH N S B 45 T i 200 L i R R B0 R A A A e R BUE AT R VR A . &5
RE R, VAR As B0 Hg ~F 25 &4 5 4 11.740 mg/kg 1 0.034 mg/kg , 7 5 & 5 1.3 f% A1 1.0 £, Hodth 6 ff &
SESEHRTHPEKRBDYE SMHEH. AsEERE R, WP L5675 J4R 80w s, AR S G (g1
A A KR K T Hg 1 Cdo Heg MW 7E AL S fa B E e mr , N 40.29, 50, vk oy Cd. #R ¥ = j oy o BT ik
VKA 6 1 23 A 8 SR 00, 505 20 T 18 2 78 1) As  Hg N1 Cd ¥ e R B RN 26 25 UG 5 3852 A SRR Bl i, i T i

T 20 P X K 1 (G5 323 Wk TRT £ 7 B8 KRR CT 1) < BB RT 0 K 7K (H2) » 2 ok e 42

KR DU AR B
HESHEE. X826  LEERERD:A

TURR ) A2 AT AR BT R S A i 50 T % 20 IR B, 3
S ORI f 28 TR AE 7K B Ath Y 4% JEC 8 (38 BT 5,
2021). UUERAIAL T 7K FEl | 35 P | 5 A PBL AN A= 4 B )
H AR AZ I i, A2 VRS K AR S R Guv5 G 1) 8 2L R IR
(Varol, 2011). 4 @ K = m 5 1t ERE MR 2 & 4R
FE WD BE UK S5 AR A IR N AN R A2 T TR )
A S R 1 B B Y5 Y W) (Davutluoglu et al, 2011 ;
Liu et al, 2015). YUAY) T H & J@ AN ] B35 FH R
WAL, 340 8 1o T A7 T 245 eSO RRE FRCPE i 2850 [
BKFE 72 A S G (B T A8, 2021) , I 4 AT g
BT B Y BE £ FE N 2 3 (Suresh et al, 2015; Varol,
2011). [KIUk, Jioim = o i bk 2 4 ¥ e MR R PP Ay
SRR AES ARG B A A EER 1.

T2 [ B SR K, RV R R
FEENFAE . ITFKR, OF — LA X F R IR
4R ST RE , (5 32 A LR TR R R R
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EEWAB 1 K w /NE % K 51 311 (G2021026024L) s i 74
B KA L T(201300311300); ] 7 ifi j5 K 2415 & & (I8
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SE X 38, 3] 19 i (Bai et al, 2012; Qz et al, 2021).
B M 3 7] ¥ i (Cheng et al, 2012) | i 32 it (Yong et
al, 2018; Fan et al, 2008; Zhang et al, 2018)%% . & Jr]
B EEE NN H CH R BEARAL T 55K
T B B YRSk X o IR X R R, ARSI B E S
M PR S A% (Li et al, 2015). B in] by 5 g AN DG 1]
B DU A M AN & POl A SRl T H R B
Oy A 25N | RS Tl FE M R M I T, SR FE
Wi T RIS, B A S5 AR B 0N Sk 23 4 5E 05 30 1)
TR S BT 1 3 P 358 75 G XU A W 48 T (Shang et al,
2015). L X} 2000-2020 4 B ] LI 8 Fl
He R RN SR, = E TR RS R AL
= (VB RE 55,2022) 0 % B8] -9 49 AT THI R Z DR
B JEAEIAT S5 RAL RN AR T A X3, F
H 5 B SR TS e T R A 2 KBS R (EFR k4,
2022). FRI, X BT B3R ) H DX 4 1
WERCD, HEEE P IE T (Shang et al, 2015).

BT Bk 5 AR R T EEE H)B
R 32 SR CE AT B AT PRI R KO R DU
VIRE s e PR AE IR B 2 7 W IR Bl g AU
FHXT KM CroAs Hg\Ni.Cu.Zn.Cd.Pb % 8 fh 5 4>
J& (2 el &, 2022), 73 # #% Mh B 8 J@ T R & B A
A, DL RARFR ORI N B IR SO P EE BT
PAERE, OB AE A SRS TR EOE T E S B A S K
WS 7K, FERIE ER T B 6 g v LU, DU B R4
T R AR S BUR X SR LB SCHE
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Tab.1 Sampling site information of surface

sediments in the Qingchuangan section

of upper Yellow River

Je22 Z;ﬁ ;g f ZREL R ;’IEX
1 W Gl % 97.696 34.8994 i
2 Y G2 B 98.1723  34.8863  H
3 AN Bl B 102.5365  32.8044 [0
4 JETE B2 & 1024615 33.4109  HiA
5 #iR# HI J& 1029333 33.6001 i
6 KK H2 7 1023583 339724
7 Ty G3 & 102.0802  33.9607  FT
8 7&@% G4 1002815 357354
9 gﬂi’é G5 & 1009212 36.1227  HE|
10 FEZERHF  TI & 1037911 34.4967 ki
1 BRER T2 & 103.8401  34.7075 kil
12 dkEHF T3 = 103.786  35.5817 ki
13 AWiS T4 5 103.5919 357808 kin]
14 N G6 5 103.2942  35.9521 B
15 & S1 & 101.0702  36.8417 8K
16 JEKHE S2 J& 1033489 36.1252 &K
17 FWMr G670 2 103.483  36.1678 W]
18 AHIMF G8 & 103.9936 361513

1.2 #HmWXESH

DURIRE b B T i = o b AT 5, B 2 b
BT ) e A 0 T B A (100 H 5 150 pum)
JE R FE IR A A, BN B R RS FRI—E
B BN T MRS BT T A L SR R - SRR -
= &% ( HNO,—HF-HCIO, ) = BRI i fift J5i , Fi #4
PR 1150 CHBR, A H 2 =1 5 & % % 50 mL, it
0.45 pm JE B 5 AR A7 R o 38 ARG I 48 A L 355 5
(Cr)~ T (As) 7K (Hg)~ £ (Ni)« £l (Cu)« £ (Zn) #4 (Cd)

A (Pb). Z MR 4N R ILATE 5T 7247 M AR
#E ) (DZ/T 0279.13-2016), % H & 7 % % o6 B it
(BAF-2000) I 5E H i As I & & . SR
F S A R P AT ML AR E ) (NY/T 1121.10-2006) , 5K
JEL T 9¢ 6% 1 1 (BAF-2000) 1l & W A He 1 &
o RPN RIAE T 47 AR ENDZ/T
0279.2-2016) , 5K H 5 275 )t 6 154X (ZSX Primus 1D
MEHEmR P CcrmE&E. SROPRARILME
FARUE) (GB/T 14506.30-2010), 5K FH HL 8 HE & 25 55
TR 5T 1 A% (XSERIES 2) ¥l 52 ¥ fif ¥ Ni« Cu.Zn+
Cd.Po IS & AMRORRTIN 2 A 7 V2 R B o Ik
AR HEN A AR AR R AT ATRE S IR
B M 25 R 5 bR DT AR IR AT X LG S SRR
I3 W1 R 22351 <5% , Fe 7 AR 225 SR o ff T 5 o
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Fig.1 Location of the sampling sites

1.3 HiESH

5T Excel 2018 #EAT #i 4l AL BEAN &8 1170 #r , R H
ArcGIS10.2 Al Adobe Illustrator i3z &5 23 A7 &, 1] F
SPASS 22.0 X TR IR bt #4538 7t 25 (Cr. As\Hg \Ni.
CuZn.Cd-Po)iHAT Pearson FA AT A1 = A 04
1.3.1 W Z 5 AT Jeda B0 2 900 B N AT 45
BT AR BT B AR Bz —, nT DL T S R
SEEBMITTRMIARER, REmKERE SR
X PR R B R I (4 L AE, 2010). FZ A KOA
QT E WM Z 25 G5 Jeda B, 0w RS ) H B
YUY ) H 4 S 5 Gt O HEAT VRAT
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KA e, NUTR Y E & & i 19 s R
(mg/kg) s s, N @ i FITEH 2 e, RN IR

AR i BTG AR T I EL 5 P R T 2 (XI5
PIT A AL P B e B R OK PR TS Qe R B P,

)8 I SHE (mglkg) , Z 75 T E K R VTR H ¢
JEICR T RECEK X, 2016). POVRANLEE  FEERD N4 NGRER VRS, 2010), AiE
SRR R ARG PRI E XN T A LS PR LR 2.
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Tab. 2 Heavy metal pollution criteria for sediment quality

N E XA R I ER AT dR 8. RAE P,

WHEE CR 515 LR AL R TR EOE ARG FHIREE
b, VR I R E R s
P,..<l UREES 1,.,<0 UREES E<40 R<150 B
1.0<P,,,<2.0 7P 0<1,,<1 7P 40<E<80 150<R <300 i
2.0<P,.,<3.0 i 1<1,,<2 i 80<E<160 300<R<600 G|
3.0<P,., &P 2<1,,<3 i 160<E<320 R=600 TR
3<1, <4 (EN: E>320 e
4<1,.<5 HE
1,25 JEE
1.32 RERIEE HI8 T AT RER A K i = G ®
“ N TS " [P
8 AR, PR AR VR D B R RE e, G,
K S TR o 4 AR G B4E, 2010). g = TiC ®
IR A RO TH S R A HL, PR B B3 N1 R =SE @
L= :

BRZUIRYINE &8T5 R 50 H SRR B 4
WIMARE R 2 R . AT EAN X E SRS &
15 AL, e Th B XS A AL S B AR FR R T
BHE L, BEA@I EAR R LGt R4 1, (E8)
&, 2020). IZAHE K RAESZT5 QeI HU Bk ™ 5 . AR
Lo BT THELEE B B G 8 20 o 7 A5 R 55 (R
&, 2022) , BARTFMARAE WL 2.

G,
= ®

Igeo = 10g2|:

Ilol = zlgieo @

K CRITR ITERAMT ST I & & sk N
LR A A 2 AT R 5 R A AR S M HL &
K RIUE N 1.5) , SR RAFTTRRRIE A Ao f 3L
Mg ; B, 2% E/K R IR E LR TR Y 5l
1.3.3 B A A& FI KM% 3 Hakanson
751980 £EH& Hi I 7E AL S e R AL, @ B H Ui
Yy o 4 IR TS TE AR S U R 2 (G #2545, 2010).
ZHEANEE T HE BN S, F I 7 =S
JB A 2SR5 I 0 2 AN B T 2R AR, W] DAAH X 42
MR T ESBNAESEEREEEER
%, 2021). ZHRAXGOODI AT LFREL,
PR B BT ) B E SR AR S XU

A CoRERDIR T E S JBIIREE, CIRKE

SRR E NS HAE, A SCRH A EK RV E 4
BIUUREREENSEE. CRERL—ELEREMN
BRI R LT AR S € W T ) w3 M i 2 PR 1 AR A
H H 4 )& CrAsHg Ni.Cu.Zn.Cd.Pb 7> 5| B 2.
10.40.5.5.1.30.5 (f£4*+ J3 5%, 2008);E/AXFR . —JC
EB LSRRI 7R AR MELEE
RS R 7 R AT E, R A E AR 25 U 25 20 0 4
M 276 555, 2010) .
1.34 F oAt FER B RS AE B 2k —
SRR T ek EHE A B 4k ) 7 B AR 2 4
J& TC RN 53 9 LA EEE By, HET E PR 2y A B 4
J& 215 K B A [R5 LR (MR 4%, 2011). NS>
SR, 56334 T KMO A Bartlett BRAAK 5, H: KMO
K06 ZHN KT 0.6, H Bartlett BRAAAS 56 11 P AE N /)N
T0.05, X FER Y 32 B I3 0 A R 07 VR R AT H s A 3 A
B

2 #R5118

21 EERAENTHE
AR S 05 )1 B8 AR Z VIR AL A
SRR H g RN B, Gt 1S E e R oK
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B/ME PIE B EZE T R R RS R EK R
DU TS S K U, 2016)HEATXF L (£ 3) . &%
TG 3 & B BE R B/NHEFP N : Zn>Cr>Ni>Pb>Cu
>As>Cd>Hg, % 5 4 J& I & 570 [ AR 0K, Hod
As Hg.Cd 1725 5 2 E05) 5N 55% 53%- 54%, 1t B
X 3P @ A3 A AN 5, W NI B TR
SRERETEAEEEW. ®WE LG E ) HBIRY
Cr.As.Hg .Ni.Cu.Zn.Cd fl Pb [f]°F- 35 & & 53 il &
[ 7K R YA 0T 418 9 0.84.1.30.1.00. 0.85.0.78.

0.74.0.87 F10.77 5. HET L, Frifl 2 1) 8 Fh & 4
LR, A As LR ZX B2 — ERE N E &£,
e BIEE ) H BT E SR P e ' 5]
AR LG ORI, I B TR H Cu Pb CrFI NI &5 &
TRTFRIT(E G, 2012) KT X A, 2021) -]
VR IR, 2014) FIHEEEGIL(RIE €A, 2012);
1M Zn.Cd-Hg & K T KITAKITIRX ; As & EAK T
KL ANAYL (Huang et al, 2020). AHXTT 5 , 1% X 3R
JFUTRYE S 8 & B TRAK T

®3 BALHBIHEREMRYESETRSESRIT mgkg

Tab.3 Heavy metal contents in surface sediments of Qingchuangan section in the upper Yellow River

Gt Cr As Hg Ni Cu Zn Cd Pb
ISON:| 67.50 33.49 0.084 27.48 23.79 69.85 0.29 29.73
f/MAE 30.60 3.97 0.014 11.88 9.32 26.63 0.04 11.88
%Wt o brifE 2z 9.90 6.51 18.000 3.99 4.82 10.79 0.06 3.95
5 IH B
THME 4531 11.74 0.034 19.44 15.59 49.40 0.11 17.71
AR5 R 0.22 0.55 0.530 0.21 0.31 0.22 0.54 0.22
T EVK RIS 5ol 54 9 0.034 23 20 67 0.126 23

B R ) H BRRZDOR & i E 48
2R AR I 2. CroNi.Cu Al Zn iX 4 Ff 5 4 J& 25 8]
I3 2 R E/N, As CdHg 1 Pb X 4 i 8 43 & 25 W] 43
i 22 IR . Hb 13 M S As BT T 5
18, AR B2 O 50) FIF3 G5 O 2F IR FE X H K 1D As
GEBEEY S 2437 5. 5 A CdE BB
I Sl R 7K S2GE KM W H2 CR/K O Cd & &
LT S 1.3 5 2.3 f5. 8AMY AT He & &
FOE, 127K S2 GE 7K ) FIk T T1 (75 28 KHF O He & &
LT RAE 0.5 5/ 2.5 fiF . I G5O X H
IKEDAL AT, P & St 15 58 1.3 £ o
22 BT EETRIEH

BRI As Y5 4%, CroHg Pb Ay
BEEY, KRTHER. AT As N TS
P Hg NEET5 Y, HRTI5 Y. BIPiARY+ As.
He CA¥ NS s, HARTEIE 0. YRyt + As.
He ¥R S G, AR T . 18/KUIAW+ Cr.He.
Ni.Cu . CA¥JHREEIGH, HAR TG 3 (R4 .

2.3 i RitHiEH

Hhy RARFR L (1, ) VPN S SR, BT iR )1
B3R Z VTR As. Cd Hg A7 (EAS R FE BE (1075 4%, 1M
Cr.Ni.Cu.Zn.Pb 4t T Toi5 k1. BARKE , B+
e 22 [X H 7K 11(G5) -« 38 (B2) R R B 51 (G 1) As 1) 1,
H53 3N 1.3.0.7 7101, J& T Hh B 5 5 R i s e

K KK (H2) CA 1, fH 9 0.6, J& T8 B 15 44K
7 ZE KM (T AR KA (S2) He 1891, {5 53 514 0.7
0.3, %)@ T8 5 YK P (- 3) . 76 85 H 7 (Shang
et al, 2015) T = AN Z T B (Ma et al, 2016) K
P AL R DT AE — B FRFE Cd TG G

B2 Hh RBFR L, 45 SR mT A, SR i )|
H B X IR 25 A 3 B ST, A8 3/ I
J7 R + B> T IR KSR > A, 2/ F 0,8
TG RKTF- (RS .
24 BEESRERH

B BT ) H BGR E DU E S R e R T T
AR TEE R N 92.77(K 6) , & T LMk fEE
A5 RS K /NITRE A« BETAT (117.73) >392 7K (94.81) >3
T (91.35) >k (87.72)> 7] (81.53) , ¥ B K
T 150, Ui B BT 3 )1 H B TR 4R AR A X
BN . IX 55 Hao 25(2020) 17K £ 45 (2021) X}
O _EE TR DU E S R KRN &5 R — 3. M
T T S DTRR R 5 BT R I DR B K, V2
K VAR PRIT IR 2, TR ST R B )

B B ) H BOURRY) R & E SR TR
e 4B A& e F 18 B E R /NIRRT A« Hg(40.29) >Cd
(25.04) >As(13.04) >Ni(4.23) >Cu(3.90) >Pb(3.84) >Cr
(1.68)>Zn(0.74) . H:r, Hg i) B e ey , W AE A SR
B o 55, oo R R TREMZ . M HE
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Fig.2 Spatial distribution of heavy metal concentrations in surface sediments in the Qingchuangan

section of the upper Yellow River

fth 76 3%, He 183 M B 2R B0 K (E 42 555, 2010),
BAR S B 2 R BRI SRR . He K E!
18 HH TLLE PRIAT PG 28 KM (T , 6 93X — X 38, Hg i 2E
NS E AR ES TS I8
2.5 ESRBRES

URRY) B 4 J SR R 2 B4 9 B AR KRUE, i KR
TR A AL KL R (Hu & Cheng, 2013)M1 A
SRR F B T HEB . &8 R0 1R AR i B
% (Chen et al, 2016). 24X 3552 2 B & A A 520, P

R Hh B e B 4 R S v 0 40 A 8 2 5 Tl
AR AP 73 AT I A O AH OC 1% (Rodriguez et
al, 2008). AH IS PEER = 1) 4 & T Re A A A ) R R
(L%, 2020).

Pearson A 5¢ 73 M 45 7R, H 4 )8 Cu 5 Zn.Pb
% 32 25 M 2%, Ni 5 CuZn #5225 41 2%, Cr 5 Ni. Cu.
Zn Pb MR A G (R 7D, Ui B CroNi.Cu.Zn 1 Pb 7]
REEL A HFIMRIE . As 5 Pb 8 RN 540G, He
MZn K RZNEFZMK, TCd5HAL 7 M EEE T
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Fig.3 TheI,, values of heavy metals in sediments
in the Qingchuangan section of the

upper Yellow River

x4 BEALHESIIHEIRYMESZENES
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Tab.4 Nemerow pollution index distribution of
heavy metals in the sediments in the Qingchuangan

section of the upper Yellow River

P,
T —
Cr As Hg Ni Cu Zn Cd Pb
B 125 372 140 1.00 1.11 093 1.04 129
fiﬂ FHE 0.87 148 093 0.82 0.83 0.70 0.82 0.80
JIL

P.. 108 283 1.19 092 098 0.82 0.94 1.08
B 075 237 1.21 090 0.62 0.75 0.44 0.76
M CTPME 070 1.68 0.99 081 0.54 0.68 0.43 0.68
P.. 072 205 1.10 086 058 0.72 044 0.72
B 093 131 1.12 1.05 0.85 092 2.26 0.82
= THME 084 1.20 1.12 094 0.78 0.84 1.54 0.78
P, 089 126 112 1.00 081 0.88 193 0.80
BAME 099 1.24 248 1.04 096 0.83 0.94 0.82
Yo CPXME 081 1.09 1.06 0.86 0.77 0.76 0.67 0.73
P., 090 117 191 095 087 080 082 0.77
BORME 113 112 1.81 1.19 1.19 1.04 137 0.89
EAK O CPEME 091 078 1.11 0.86 0.84 0.81 091 0.81
P 1.03 096 150 1.04 1.03 093 1.17 0.85

Lidy

x5 ®ALHESIIHRTRYMRITEL

Tab.5 Thel,, and]I,

ot

values of sediments in the Qingchuangan section of the upper Yellow River

I

geo

i Cr As Hg Ni Cu Zn Cd Pb L
S PNE -0.30 1.30 -0.10 -0.60 -0.40 -0.70 -0.52 -0.20
TR /ME -1.10 -1.30 -1.50 -1.30 -1.40 -1.90 -1.66 -1.50
FIME -0.83 -0.21 -0.79 -0.89 -0.91 -1.14 -0.92 -0.96 -6.65
=N -1.00 0.70 -0.30 -0.70 -1.30 -1.00 -1.78 -1.00
ShG} He/MA -1.20 -0.60 -1.00 -1.10 -1.70 -1.30 -1.80 -1.30
FIMAE -1.10 0.05 -0.65 -0.90 -1.50 -1.15 -1.79 -1.15 -8.19
SN -0.70 -0.20 -0.40 -0.50 -0.80 -0.70 0.59 -0.90
SR fe/ME -1.00 -0.50 -0.40 -0.90 -1.10 -1.00 -0.89 -1.00
FIE -0.85 -0.35 -0.40 -0.70 -0.95 -0.85 -0.15 -0.95 -5.20
YN -0.60 -0.30 0.70 -0.50 -0.60 -0.80 -0.67 -0.90
ki &/ME -1.40 -0.60 -1.50 -1.10 -1.70 -1.30 233 -1.20
FIE -0.90 -0.48 -0.83 -0.83 -1.03 -0.98 -1.28 -1.05 -7.38
A -0.40 -0.40 0.30 -0.30 -0.30 -0.50 -0.13 -0.80
K /M -1.10 -1.80 -1.90 -1.50 -1.60 -1.40 -1.73 -1.00
FIME -0.75 -1.10 -0.80 -0.90 -0.95 -0.95 -0.93 -0.90 -7.28

F WP UL R — 3 o v REARER B ARVR R R A
[X 38, PN K38 93 A7 5 Zn Cu CrNi Pb 32 N KI5 5 5%
Wi /N (R FE N 45, 2019). As A Hg 73 B AE S A% =
TRy EA BT . As ZRIET Tollis YRy
TTHRCRANEE, 2019; RFHMEH R, 2012). X
A e 2 X H K T As 75 Y AR S B ™ 5, AT AR R B
5 S Gt N UL R K P B K I s IR, BT 4% W

H AR BUE AR N X 5, J5 A WO AR B 7 A8 9K
G K UL S F K DXB ICHE B I 52 2 AR 15, B P AR 85
()3 32 B FE pH A WL UKL KNS AR5 22
o i BUERLIURIA) 2, N Ui AH ORI 2 T 4 RURE
AT W B B 22 ) EE 4 (R A ER, 2022). Hg fllCd £k
BT T CREFMER R, 2012), AR AR
71 WRIAT P 28 R MR AR ) P He 75 Gt i 2, B
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Tab.6 Potential ecological risk indices of heavy metals in the sediments of the Qingchuangan
section of the upper Yellow River
o & KER,
Cr As Hg Ni Cu Zn Cd Pb
ISONi] 2.50 37.20 55.80 5.00 5.60 0.90 31.32 6.50
HOR T fe/ME 1.37 6.00 21.70 3.10 2.90 0.40 14.24 2.60 91.35
THME 1.75 14.78 37.23 4.10 4.15 0.70 24.64 4.01
IR AE 1.49 23.70 48.40 4.50 3.10 0.80 13.14 3.80
Hin] fw/ME 1.30 9.80 30.60 3.50 2.40 0.60 12.92 3.00 81.53
THME 1.40 16.75 39.50 4.00 2.75 0.70 13.03 3.40
ICON] 1.86 13.10 44.90 5.20 430 0.90 67.91 4.10
) e/ ME 1.48 10.90 44.40 4.20 3.50 0.80 2431 3.60 117.73
A 1.67 12.00 44.65 4.70 3.90 0.85 46.11 3.85
ICON] 1.98 12.40 99.20 5.20 4.80 0.80 28.26 4.10
ISC] He/ME 1.13 9.90 21.40 3.50 2.30 0.60 8.98 3.20 87.72
XA 1.62 10.88 42.53 433 3.85 0.75 20.15 3.63
IZINI: 226 11.20 72.50 6.00 5.90 1.00 41.18 4.40
5K R/ME 1.39 4.40 16.60 2.60 2.40 0.60 13.58 3.60 94.81
THME 1.83 7.80 44.55 430 4.15 0.80 27.38 4.00
IZINI: 2.50 37.20 99.20 6.00 5.90 1.00 67.91 6.50
@it /ME 1.13 4.40 16.60 2.60 2.30 0.40 8.98 2.60 92.77
A 1.68 13.04 40.29 4.23 3.90 0.74 25.04 3.84
R7 BELEZER Pearson HHERE "8 EMAHLMEELER
Tab.7 Pearson correlation coefficient Tab.8 Primaryresultsof principal componentanalysis
among heavy metals R A1 W42 W43
| Cr As  Hg Ni Cu Zn Cd Pb 7n 0.922 0110 0.206
cr : Cu 0.922 -0.119 -0.247
As  0.177 1
He o081 0092 1 Cr 0.872 -0.141 -0.260
NI O736% 0411 0269 1 Ni 0.852 -0.334 -0.044
Cu 0895° 0214 0.183 0802 1 Pb 0.772 0.533 -0.199
Zn 0717" 0290 0525 0.861° 0791° 1 cd 0.569 -0.203 0.092
Cd 0406 0.133 0212 0448 0453 0456 1 As 0.404 0.862 0.147
Pb  0.639" 0.672" 0.107 0433 0.701" 0.628" 0308 1 Hg 0.386 -0.067 0.890
T < #FORAE 0.05 K F BB =+ FORLE 0.01 KF L 3% RHEAE 4.418 1.231 1.034
i 5 2 TR Y% 55.226 15.386 12.930
Note: * indicates significant correlation at the level of 0.05; ** in- S T . . .

dicates a highly significant correlation at the level of 0.01.

PR, P T E R T RE A
TG B TR K BHEHENTIE , S BOUKTE G ™ HE (5K
E 248, 2013; MBege M, 2017). CAINAES —F
By B — 8 B ANAE BRI RE K ORI T 4% Cdis
e, CAHERRET TRIHGE K, BRI T
BRI Cd & BRI R, IS 7K T A R AR 2 kAL,
TEEAY, YURRAANZR 2 3052 210 5 (1) Cd ¥5 (R AL
B, 2021 W5, 2017). HHULHEDN, B )

H BB Wi — s FEE 1) As Hg Cdy5 % 5 N5 5)
RIS YHE B 5% B30 3 ) H B SO
RZ, TAY N TSR £ 20 55 /KA AE (X3 2
S, FRURE 75 BT IR N H A FUFIRAIE o

3 it

(OB _E 55 WH BT SO &= TR 8 Fi
Hem, As wWERE R E. THRMAHTTRY)
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Distribution and Risk Assessment of Heavy Metals in Surface Sediments
of the Qingchuangan Section of the Upper Yellow River

LI Cong, WANG Zhen-bin, GAO Yun-ni, LI Xue-jun, ZHANG Jing-xiao,
DONG Jing, ZHANG Man, GAO Xiao-fei, LI Mei

(College of Fisheries, Henan Normal University, Xinxiang 453000, P.R. China)

Abstract:In this study, we characterized the distribution of heavy metals in surface sediments of the Qin-
gchuangan section of the upper Yellow River, assessed potential ecological risks, and identified potential
sources. Our objective was to provide information supporting conservation of that ecologically sensitive ar-
ea. In September 2020, surface sediment samples were collected from 18 sampling sites in the mainstream
and primary tributaries (Baihe River, Heihe River, Taohe River and Huangshui River) of the upper Yellow
River. The spatial distribution and pollution sources of chromium (Cr), arsenic (As), mercury (Hg), nickel
(Ni), copper (Cu), zinc (Zn), cadmium (Cd) and lead (Pb) were analyzed, and the ecological risk of the
eight heavy metals was assessed using the Nemero comprehensive pollution index, geo—accumulation in-
dex and potential ecological hazard index. Results show that the average sediment concentrations of As
and Hg were 11.74 mg/kg and 0.034 mg/kg, 1.3 and 1.0 times the national background values. Concentra-
tions of the other six heavy metals were below the background values for sediments in Chinese rivers.
Among the eight heavy metals, the accumulation level and Nemero comprehensive pollution index of As
was highest. Arsenic pollution was assessed as moderate, but its potential ecological risk was much lower
than for Hg and Cd. The potential ecological risk index of Hg was highest (40.29) and at a medium level,
followed by Cd, also at a medium level in Heihe River. Principal component analysis and Pearson correla-
tion analysis show that high pollution degree and ecological risk of As, Hg and Cd in some sites, including
the outlet of Longyangxia reservoir on the mainstream, Xizhai bridge in Taohe River, and Dashui in Heihe
River, were primarily affected by human activities. Heavy metals in these sites should be closely moni-
tored and controlled more strictly.

Key words: sediment; heavy metal; upper reach of the Yellow River



