$47% $S18 IRERTI B A Vol.47 No.S1

202446 A Environmental Science & Technology Jun. 2024
VRIS, SRBAR 94657, 55 T BT BRI A+ 3 8 4 A0 A0 FRAE AR S KU PR (0], SR BE R 2E 5 H R L 2024, 47(S1) : 165-174. Xu Hao, Wu

Xudong, Jiang Qi, et al. Distribution characteristics and ecological risk assessment of soil heavy metals of the City Belt of Ningxia along the Yellow Riv-
er[J]. Environmental Science & Technology ,2024,47(S1) :165-174.

LU IR -F B G A AR R B 25 R VAR

P 123 %m?’ﬁl,zs’ %%1,2,3’ «%ﬂﬁ%@]’Q'S, Foz g2
(LT EARMBEBMOl 5 B A S, 72 I 750021
2. TEBANAT SR LR 90 %, TR BI 7500215
3. THAESBE SZImeml LG, TR I 750021)

& O U EIR T AT rh e E T P SR X, L A bR X S i A A AR A R g A SR S AT X R L
PR A U RO T Y L G R IR B AR S KU T IBORE R I T X R 682 A 1 T G JE T R O, i T AR
DU, I HEAT T IR . WFSE4 BT, (1) 7 B USSR T 0~20 cm 1356 (As) V8% (Cr) V4 (Cu) A (Mn) (5 (Pb) 8% (Zn) . HL(Ni)
47 (Cd) 8 PP 4 Jm T Z - HME 5514 (3.11£1.88) . (60.66+15.64) . (17.8626.10) . (509.92+186.74) . (17.62+11.10) . (57.36£25.33) . (25.23+
4.95)F1(0.77£0.49) mg/kg. 0~20 cm +JZH 4 @ T R34 & KT 3T S, WARTF A 3+ 4075 Y WU i (. 0~5 cm + )28
SJEICE F ik T 0~20 cm )2, H Cr Mn . Zn Fl1 Cd 4 FpocE & il T H 35 5. (2) W 3k in b As .Cr.Cu .Mn .Pb . Zn HINiixX 7
FPCZE R IR 5 e KU AR o H 43 X3 4 Cd 2 e I Wl ey T S, T e XU 35 o (3) T et vl i 4 JB e AT S Aok, FLvpb):
JE IR T 4 S R IR SRR R, O A AN Tl B AR A S SR, Al PR Tl U5 T 42 Jm e R tmik/ b PR 2 AL e W 7= B o
ST IR 4 R A T AR Cd AR SRR (A5

KR TEIREMIY; ERESE; WA W

FESES:X82 XHERFRE:A doi: 10.19672/j.cnki.1003-6504.1077.23.338 XEHS:1003-6504(2024)S1-0165-10

Distribution Characteristics and Ecological Risk Assessment
of Soil Heavy Metals of the City Belt of Ningxia Along the Yellow River

XU Hao"*?, WU Xudong"*?, JIANG Qi'*?, MA Lihui"**, YU Jiangshan'*"*

(1. Institute of Forestry and Grassland Ecology, Ningxia Academy of Agricultural and Forestry Sciences , Yinchuan 750021, China;
2. Ningxia Key Laboratory of Desertification Control and Soil and Water Conservation, Yinchuan 750021, China;
3. Research Center for Ecological Restoration and Multi—functional Forestry of Ningxia, Yinchuan 750021, China)

Abstract: The City Belt of Ningxia along the Yellow River is an important industrial cluster in the middle and upper reaches
of the Yellow River, and the soil health of this region is significance to the construction of the Yellow River Basin Ecological
Protection and High—Quality Development Zone. In this study, we tested the heavy metal content of 682 soil samples along
the Yellow River urban belt, and analyzed ecological risks, and conducted traceability. The results are as follow: (1) The mean
content of As, Cr, Cu, Mn, Pb, Zn, Ni and Cd in 0~20 cm surface soil were (3.11%1.88), (60.66+15.64), (17.86x6.10),
(509.92+186.74), (17.62+11.10), (57.36+25.33), (25.23+4.95) and (0.77+0.49) mg/kg, respectively. The average content of
heavy metal in 0~20 cm soil layer was lower than the soil background value, and also lower than the Screening Value of Soil
Pollution Risk in Agricultural Land. The content of heavy metal in 0~5 cm soil layer was higher than 0~20 c¢m soil layer, and
the content of Cr, Mn, Zn and Cd exceeded the soil background value. (2)The risk of environmental pollution from the seven
elements As, Cr, Cu, Mn, Pb, Zn, and Ni in the urban belt along the Yellow River is extremely low. In most parts of the
region, the soil Cd content was higher than the soil background value, causing higher ecological pollution risk. (3) There
are five sources of soil heavy metal along the Yellow City Belt, among which the contribution rate of parent material is the

highest, followed by the combined sources of agriculture—industry, transportation sources. The results of the study indicate
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that soil heavy metals in the urban belt along the Yellow River in Ningxia have a high level of Cd ecological risk, which is

worthy of attention.
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Pb 4.93 3.67 4.14 4.53 6.08 3.27 4.12 3.46 4.50 3.64 3.71

Zn 1.08 1.03 1.07 0.99 0.90 0.97 1.01 0.78 1.11 0.96 0.97

Ni 2.64 2.98 3.23 3.74 3.79 2.75 3.74 3.51 345 3.84 3.34
cd 195.01  177.70  194.66 29590  188.37 14640  216.67 17942  240.77 219.78  175.85
LEATSTEAESNIGTEBRT 21197 193.65 21253  314.76  210.73  161.94 23465 196.10  260.38 23756  193.18

24 ZEEFEE KRR
24.1  HEJRICR AN

i3 8 R E B Jm T R A G A (R 6) , kI
As—Cr—Cu—Pb—Zn—-Ni—-Cd, Cr-As—Cu—Mn—Pb—Zn-

Ni, Mn—Cr—Cu—Pb-Zn—Ni (P<0.05) 5 i % 1IE A6
F, R LA 4R Ju R AT e [FR YR sl SRR OCHK
SOk E Cd e R 5 HA TR AR REE /N, BoR
T RE A Bk R
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As Cr Cu Pb Zn Ni Cd
As 1
Cr 0.236%* 1
Cu 0.1547%%* 0.3747%% 1
Mn —0.016 0.298%#* 0.514#%*
Pb 0.093* 0.105%* 0.460%* 0.177%%* 1
Zn 0.108%** 0.288%* 0.773%%* 0.499%* 0.525%%* 1
Ni 0.343%%* 0.280%* 0.423%%* 0.171%%* 0.270%* 0.269%* 1
Cd 0.078* 0.069 0.235%* —-0.033 0.397%* 0.279%* 0.123%* 1

T :n=682, **7E 0.01 5 WUB) , AR .35 5 #1E 0.05 FUH(BUR) , ARCHE 135

24.2  IEEMHFERF5 T

AHEFEFIH PMF 5.0 5347115 S 41 14 ol BESR U
T BE S 2 B AE Jr vk , Be e R TR A R 14K, i
T E M E . AR BREL Q B SRR A RN LA, 45 LI
MR =22 18] fl A G (R?) 25 B 220 o 4, & B1
2R FHCR 5 R A AL A RO A

PR AR 52 45 2] 8 FhoC AR 5 FlOR IR H i) DTk
RE3) . G5B HF TR e, 7 1% Zn iy
kR , A8 55.73%, % Cu iU BTRL R 15 5 38.09%,
HX}Mn . Cr Ni . Pb 35— ik, MiA &I, X
JURPICERTE Tolk Ak J& 3 3 S i m (E 2) . B
FERH, 2 LI Cufll Zn & HAEN B EF AN
TGS B A R S X SR ™ A R T L
] s R B A Tl Al 2 530S Zn R Cu 1Y IR KR
SHE, ¥ B Cu F Zn B4R . 4, ARRE I Tk
FEHE A Cu ARG SR A Bt fl i , re 4 Tl %
Cu f R P Ao JES LA S e 5 B T ) R 35 e P2
PRI, Cu Fl Zn A A4 B %) SF U8 1T AR 22 A Tk R U8
FIFLAR -1 8 Tl I8

SHETINLl

80

s o0 C NSRS
2 60 m T2
b 50 F PN K]
o 40T K74
30 F TR

20
10
0

As Cr Cu Mn Pb Zn Ni Cd
LS
B3 3 FPMFF & B 7 0 -3 b i 68 & B 5Tk R ) A

[KF- 2 %F Mn . Cr \Ni 1 Cu it 53 Bk R h5c i, 70 91
59.25%.56.91% . 58.30% #1 27.53%, H.X} Cr 1 Pb %5,
ATk . X JLFh TR AR T R L E L
%, U JUAP TR 3215 Yo R BE AR, 32 AR Bl
M AR . CrHINi 2 H SRR AR ST R PR &
B Cr AT Ni EZORIE T B BRI, XLFTR &
EAE T S EVE P, B XX LR TR A
ik, AT PAA S IR - 2 2 B TR A

Kl 3 X} As B9 BTk 5535 79.31%, As TTR
BN TE S AN T Al Az p= = AR > qRolk
AR R 25 A R AR I 34 23 R As TG L
55 As I ZS R AT DA, As TERR AR BB T 4R
Tk X A, B AR R AZ BT T B A R
(F2), [FBFEF 3% Cr.Mn Nifll CuiX 4 Ff &
BTk, X AFT RS Tk A= mEs e, i
PART RAK BRI F- 3 S —Fgll A Tl &2 Aok U6

Kl 4 %F Cd 1Y TTRk B KL 38 8 T 77.17%, Cd
FEAMIE PR & TT R FAE AR A SO 8E
AR, BAT 58 R MR R, Ak Az =
WEAK AR E it F A & & 258 A0 {34 25 7= 2E Cd T
R, T H., Cd 5 YL AE 4 E A B s Ry, T DA
R 42 54016 sl A S B Al 15 Gk Ui

[HF- 5 %} Pb (Y TRk R N 89.43%. Pb J&38im HEHK
M FEAREICER , FEORIE T S H MR R4
SR G W B R, U & B YRR 28 12 i
1) 2R, BAR S WIS T A AR (R R A
iz 4 7 A2 1Y Po 7E T B Y B3 R R T BRI
JIT LADRI A 5 A7 e 2 () 38 38 32 i >R R

3 iTit

3.1 EEWT AR BT BN

AWFFE LA B T 682 R 5 Y 0~5 cm F10~
20 cm + 2 HIEFE SR MR L, 508 T As . Cr,
Cu.Mn.Pb.Zn,Cd Fl Ni iX 8 Ff 5 43 J& i 43 A IR B o
ZE R P As .Cr.Cu . Mn.Pb.Zn FINi X 7 fh# 4@ F
PHETE L5 S EVa B, B R AR B AR
8PP 4 JE TC V- IAE S AIK FA FH M 439875 G XU
T A, ¢ WA VR B I T 4 AR EE 4 i V5 e XU IR (3
3)o X AJRESE B S ML P IG5 XA AR T TRk
K AR LA NS TR I N 296 shaly > i) B 4 SR T
LU

0~5 cm YR JZE LT 48 &35 T 0~20 cm
B9+, HA 0~5 em 3K )Z Cr Mn . Zn 1 Cd X 4 FioC
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FM T S, BAIV IR T A A R+
FXRZ L EE SRR YR, TR XK
A E AR TTEMELIBEK IR, W5 X A
B, i B T bR 1 R T R 2L, AR T E
SBITEMITBEY, XS FEERE LM 0~
20 cm HIEREH AR TR RAEFHEFE I .,

ARl = A SR RT I 1 R R R R 2 &
SRR —EBEEE KN HIERSE S &
G, 32 PR A % FH M AS TR %) B , 45 PR 2515 R i 1
4 B A2 AR R, RS Tk Al
JELEE SRS ECRE BB T WA S X2k
Tk S S RGP, BRI R
J& A b, X ST A B () R v DA Z 8% {HJEAE +
i FH RS R v A AR ER XK N B PR Dy
I b A ] b 25l A = P

22 [ 43 ARFAE AT LA H, Cu \Mn ,Pb . Zn Fll Cd 7E
S D HlL DX i A A e, R TG S 2R 4R
TCR MR . As TEAR T B AREBI TR Tolk X
T, T REZ TG shi% . Cr MNi7EH TR
FISRITALS | 5 b 1 DX ek A v, AT I Y A
TIPS, X AT RE R T H M BT SR
3.2 LT LA CT RS

S5 S, T Cd TR RS X T
R TR S) , R ARE ok THEZ Cd, D
AT X T B AR I F ISt 2 B, 77 B0 oA AT b s 30
T Zn I Cd 5 Y™ B2 BAC S 43 55467 Cd bR, 35
BT RS YK, DL 42 R R PR ek Ak A
FELAB AR UERY 3 A 2R ] T 77 Ji Cd Fl Hg 15 44
FEE ™, HILZEA A G, T EIRH
WY 3T 48 CA TR A KR XA B T B
FTE, BRRERAMRE R Cd A AR T AR T M A Y Y
AU 0 e A, (B AR (ol 1 I iy T
e, HAMh 7R E S E TR FEAADER AT LT
fEEWIENEY o ver ey il il

i R FAE HU S W 2 T 4 R T R MR A L 14
TR AE AL 25 R R BIVR kT 13 cd & &
MY EFF4, Cr.Cu.Pb . Zn Fl Mn 7£ 3543 [X 2
EF As FINI A R EA(FR4) . AHFIAH,
NEEG T ELH CAITE , dse A% &2y
SRRt FH 35 7K HE TR DA B Tl A AR fRABTE AR
WA =i E EE NN, B RS T RIEw R ™
iAW P E 4R Cd kIR —, H
AR [ 32 Cd 15 Y B o v5 B 11 A48 T B 25 4
X, FHECAi5 Y+, At R Cd o R
S FIHRE X5 4 E 1 Cd 5 P BUR A A

A5k

WEAS KBRS A TEER TR N 5
RS 3N EREN ik, RS R I5
PR HR A AR5 R S HIPE" 45 S8 42 8 J0 2 W Mn £
SRUCFEAR i (D A R4 55, e A 25 KU F8 B0t T
DLHEATEE X PR X 43 o W BT 115 X As Cr,
Cu.Mn.Pb.Zn FINi iX 7 7T K E SR N FH MR
Sl T TS B A HAL 10N E T Cd (1) EFE Rk R
TARSRINER (F5), (BT Cd iy FEHER, 7ERI
FEBOT S T A ACEAR &, X R BT T
R A3 B IX Cd 1) RIS Bk 3] b 3 sl i 5 2%,
R+ 3 4 R V5 Yo RS E R A T Cde & fE R
K BTG BiA TS CA A SRS YR B IR T it E A S
R,
33 BEERTHELEELERR

K PMF S0 A1 7 i 8 42 TR oo 2004 T 17 IR
T B T A A TS e D i sl as i AR
B A S A AT 54K, AR PMF J5 i 1]
DA A2 B 4 S R PR BRI W] 0 3 32 R i) (R AR
{H FE 4 15 YL IR 52 43 BT N D3 2856 RN HIT Y 52 i AR
R, DL R A T RAR R . ASHIFSY R HEA
] [ F 2oy, i e 45 BN AR E SR R,
FRIEZ TR AT BEARIRIEA TR, W R 2
2T ARSI SCHik , VRS IR T Y 1 4 R
SEIRBA RS R PTRZE R —3 TR
UG HH 3R 1 TIR , ASBIE S8 60 T A 32 1 7
KRBT , 76 As TCE ORI A —E 25
R A X sy TSR TR
DR L IR, BEBTIR DTk e , R 27.95%, H O A&
MV FITAV A AR, TTERE 21.32%, 38 1z H Al Tl By
ITTRR T 17.31% F116.67%, AV PR X} B 4 J@ JC 2 vimik
/N, 416.34% , R Y HTIZ X S8 4 8 0 2% SR
FEFIRERAE , TolkHEBOR A Az 77 % 4 3 i 4 ok TR
AL

4 @

(1) 7 EHF ¥ H H 0~20 cm 13 As . Cu,Mn,
Pb . Zn Hl NiiX 6 F i 4 J& P-4 (E T - 38055 5o i,
AR T4 b - 585 e KU i B (. 0~5 em + )2
4 )& Cr Mn . Zn F1 Cd PUFP T Z & St T L1875 5
. EAEEMIFE~5 ecmpyREERE, —Lt
Tl Al JE 3 3 2 A I Y E R AR IR

(2) W BT AN AP TE As FINI B AR 4, Cr,
Cu.Po M Zn B T SURERE H S, CATE KA1
B BT R DL R ARG B DB A B T R
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PR ERENR . ST 2 sk L

As .Cr.Cu.Mn .Pb.Zn FlINiiX 7 0 Z [R5 15 4 X

3

&

AR, Cd FFREE 15 G XU 18 I AR ik 254
(3) WPV IR T AF 398 1 42 Sk TR sk R A e 1Y)
BRI (27.95%) , HaR Aol T 2 4 (21.32%) 5

AW IEH (17.31%) , 1 Tl (16.67%) Fl4ell (16.34%)
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