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Abstract: The contents of Cu, Pb, Zn, Cr, Ni, Cd, As and Hg in 39 surface sediment samples collected in June 2021 from the northern wetland
of the Yellow River Delta were determined, and the risk assessment and source analysis of heavy metal pollution in the sediments of the
northern wetland of the Yellow River Delta were carried out. Results show that the average contents of eight heavy metal elements in the surface
sediments of the wetland in the northern Yellow River Delta were in the order of Cr>Zn>Ni>Pb>Cu>As>Cd>Hg, which were lower than
the soil background values of Shandong Province except for As. The sediments were mainly sandy silt, and the spatial distribution
characteristics of heavy metal elements are similar, which may be affected by the “ grain size effect”. The cumulative index and potential

ecological hazard index (RI) revealed that Cd and Hg were the main pollutants and important potential ecological risk factors in the study area.
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Correlation analysis and factor analysis showed that the sources of Cu, Pb, Zn, Cr, As, and Hg might be soil parent materials, industrial

activities, and oilfield exploitation, and the sources of Ni and Cd might be from agricultural activities, aquaculture and oilfield exploitation.

Cluster analysis showed that Cr could be placed into separate category. Through factor detection analysis, it was found that clay content, TOC

and water content had a greater explanatory power on the RI, indicating that they had a greater impact on the RI value. The interaction detection

analysis showed that the interaction of any two influencing factors resulted in two-factor enhancement or nonlinear enhancement, indicating that

the complex environment aggravated the potential ecological hazards of wetlands. This study provided a scientific support for the control of

heavy metal pollution in wetlands in the northern Yellow River Delta.

Key words: surface sediments; heavy metals; pollution assessment; Wetlands in the northern part of the Yellow River Delta
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Fig.1 Distributionof wetland sampling points in the northern Yellow River Delta
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Table 3 Contents of heavy metals in surface sediments of wetlands in northern Yellow River Delta

gE| Cu Pb Zn Cr Ni cd As Hg
/ME 7.70 13.20 43.50 45.50 18.00 0.06 5.66 0.01
RRAE 28.60 26.80 81.80 75.70 35.00 0.20 14.70 0.03
PHME 17.60 17.70 58.20 59.00 23.40 0.09 9.07 0.02
HE 17.10 18.09 58.17 60.32 24.04 0.11 9.09 0.02
5 R % 0.29 0.16 0.15 0.10 0.15 0.31 0.21 0.28
5K — R 35.00 35.00 100.00 90.00 40.00 0.20 15.00 0.15

BRI 48.72 63.97 186.60 67.44 - 2.76 49.29 -
KT = A e 29.94 31.95 86.17 75.39 30.85 0.18 8.30 0.15
S 19.06 20.30 55.98 60.10 - 0.11 11.72 0.04
IR H S EP 22.60 23.60 63.30 62.00 27.10 0.13 8.60 0.03
RETEFAE 21.00 19.40 62.20 65.50 27.50 0.13 10.30 0.02

e RS RRHON, HAh A Img/kg.
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Fig.2 Distribution of heavy metals in surface sediments of wetlands in northern Yellow River Delta




182 YRR M J5 5 56 D0 20 b TR

2024 4 10 H

R4 BAZAMNELHEMARITSHESRIERESNEMREXM

Table 4 The contents of 8 heavy metals in wetland sediments in the northern Yellow River Delta and their correlation with particle size

Cu Pb 7n Cr Ni cd As Hg w LR it
Cu 1
Pb 0.74%* 1
Zn 0.93%* 0.83%* 1
Cr 0.50%* 0.70%* 0.68%* 1
Ni 0.42%* 0.39* 0.45%* 0.26 1
cd 0.36* 0.52%* 0.47%* 0.28 0.79%* 1
As 0.86%* 0.73%* 0.88%* 0.69%* 0.36* 0.28 1
Hg 0.87%* 0.85%* 0.93%* 0.66%* 0.50%* 0.58%* 0.81%* 1
w —0.67** —0.46%* —0.67%* —-0.29 -0.19 -0.15 —0.62%* —0.58%* 1
bvieg 0.50%* 0.24 0.49%* 0.09 0.08 0.02 0.43%* 0.40* —0.95%* 1
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Fig.3 Grain size triangle diagram for surface sediments

nomenclature in northern Yellow River Delta wetland
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Table 5 Evaluation results of heavy metal land accumulation index in wetland sediments in northern Yellow River Delta
Cu Pb Zn Cr Ni Cd As Hg
o /ME —2.03 -1.14 -1.10 -1.11 -1.20 -1.63 —1.45 -1.72
PN e —0.14 -0.12 -0.19 —0.38 —0.24 0.04 -0.07 0.00
SPHME —0.94 -0.70 -0.70 -0.71 —0.79 -0.95 —0.80 —0.84
PRttt 22 0.44 0.22 0.21 0.15 0.21 0.41 0.30 0.39
Toi5 Pt A5/ % 100 100 100 100 100 97 100 97
B JE— S G L% 0 0 0 0 0 3 0 3
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Fig.4 The contribution ratio of 8 heavy metal elements to the RI value of wetland sediments in the northern Yellow River Delta (a); and the

relationship between the overall potential ecological hazard index and the single potential ecological hazard index of Cd and Hg (b)
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Table 6 Evaluation results of potential ecological risk index of heavy metals in surface sediments of wetlands in northern

Yellow River Delta
B,
RI
Cu Pb Zn Cr Ni cd As Hg
R/ME 1.70 2.80 0.69 1.47 3.32 14.54 6.58 12.13 47.15
RKME 6.33 5.68 1.29 2.44 6.46 46.15 17.09 40.00 119.36
FHIHE 3.78 3.83 0.92 1.95 4.44 2426 10.57 23.11 72.86
BIMAESEH /% 100 100 100 100 100 95 100 97 100
A L% - - - - - 5 - 3 -
F*7 BU=ZAMILTEMARMPESERZR TN

34 MRYMEERETRESN

KT Ay AT T = A G R 3R 2 DU
JG 2 oK VB (9 A B, {8 F TBM SPSS Statistics 27 %X
PR R Z VOB T 8 B 42 ) o0 R IE A7 A 4y
Br, G530 3% 4,

TP EE R TENRAE EEZHRMAR
PR 25 A 52 M), H oA 060 s s 3R 1 2 1o A8 B0 R B T i
S HORR TR Z A AE — 5 W AE G, B Ik 4 A
4 B J0 3R 2 A AH G 1 2 A DR 4 TR O YR i) T 22
A9, 4 4 W], Cu., Pb, Zn, Cr, As, Hg Z
] LA A B 2 A IE AH OC OC R (P<<0.01), FH I R K
A 0.50~0.93, i B 7E B ) = A o b S0 b )2 DT
FAHIh Cu. Pb. Zn. Cr. As. Hg HAG AL i 13k 1k
TN, NI Cd Z ]S AR 2 25 TEAH DG (P<<0.01),
FOE R BN 0.79, Ud BHAE BT — F L300 i 3R )2
TR Ni A Cd T g B AT () 8 1 sl A LY b
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it B4R RiFAT N (k7. B 5.

7E K F 43 B KMO K5 56 {5 4 0.85, Bartlett Bk
TEAG I8 5 35 MK T P<<0.001, 22 B HGE & 34T
TorMr. T Mgl g 7 B, 1716 A 25 21
FRAEME AT 1, SEn] DU I 2 AR5, 3 A~ R
AT DL B 8 B 7 25 19 55.293% Fll 23.937%, it i
J& B35 22 BTk R ik 2] 79.230%, K TR K
WAME R, Hr As, Zn. Cu, Hg. Pb, Cr. i1, TOC
T 1 B RS AT, & B As. Zn, Cu,
Hg. Pb. Cr A ML KIE, HAZ %) TOC Fgh+1Y

Table 7 Factor analysis of heavy metal elements in wetland
sediments in the northern Yellow River Delta

JCE HF1 H¥2

As 0.921 0.117

Zn 0.918 0.305

Cu 0.874 0.248

Hg 0.850 0.431

Pb 0.829 0.364

Cr 0.763 0.094

cd 0.197 0.940

Ni 0.184 0.879

L 0.859 0.208
TOC 0.521 0.447
RHEE 5.529 2.394

T FEE % 55.293 23.937
BT EH /Y% 55.293 79.230
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L ARP, [ SCIR EIE B 4 8 T R 32 R AL
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Cd J& R ML 1% B AR T 2, Cu. NiJ& T H IR 11
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AL R VAR IR ] R R R BT Tk T Bh L
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Fig.5 Cluster analysis of heavy metal elements in surface

sediments of wetlands in northern Yellow River Delta
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3.52 R AEAR AR

DURRY) vh B 3 o0 3R A 25 E] 23 A A Az B —
PR, il N 2830 3l F AR PR35 25 22 Bl 2 i)
PRI TR AR TR 45 R0, o, AT 5 R 52 AR
FH PRI i 2R 8 Foft 5 ey DR 5% B 9] = A3 Y L IR
WRIZVURY E & RIS F IR RIE
LHAFMRREE . A T B, AR PSR 5
HAEHIBI R ST g ¥ T A N 1, 40
PR3 i AR M0 o, AN A7 7 08 58 AU ST 19 52 L
VRIS Y, W] 52 2% B PR B0Hs i 36 b 1) 98 7 2B 25
fad o Hbh, MRS L& B S
TOC, PR HE RS 5 & K A BRI g 5 30 B2 | i)
FRES SRR | BRI R R S RN BRIE R | BE A B
R 5 B X R L R A A S S IR RIE
LR (SR SETE B BN 3 N S NN
&1 gl DA 7 5 EL I v s A AR R T
A BE R ERE ], RV E SR Oi RIS
FARECRUESZ A IR KA RN G 3 35 2 Fh &R 3t

i B
4 45iE

AL T = A N AL b 39 SR Z DTR
BES ORI G, 6T b REUE Sk L RS
ERRBE MM T R M Sy
e, X = AN AL TR AT T E AR TS
G KU PEAN SO R AT, B DL LA A,

(D) B =AM AR R 2 TR Y 8 i 4
J&ICE B As AP35 E BT IL AR A
{8, HAF35 3 & i & B0 A Cr>Zn>Ni>Pb>



186

T M S5 5 1 20 M S

2024 4 10 H

JiEME)
P

iEPAY S
ey

R

Y
i eIt

TOC

B B
PR 2

R g

g
i

H

TKE

- 0.6

- 0.4

0.2

Bl 7 % s R0 RIAE R M 1938 BAE

Fig.7 Interaction of the effect of each influencing factor on the RI value

Cu>As>Cd>Hg. A& EX, 7] EZ
) L BE RSN 5

(2) b 52 RS B0k RN 78 A A8 8 F 8 Bk 3R
B, Cd. Hg A5 X 32205 Ye ) fl o B OV e A2 25
faEH T

(3) AH & 43 B AL E 7 43 BT % B, Cu. Pb. Zn.,
Cr. As. Hg Rl BB IR T BF 5T . Tl 3 sl DL K i
H IR, Ni. Cd AT GER IR TR G 3l . K7™ 5258 LA
B 2R s 2845 # ml ik — 2540 Cr b &) 43
—K,

(4) 3R 2 B 25 1 R 6+ & i TOC, &%
IR AR AR B FE R EC(RUVA) R Bk, %W
HOX RIE A9 52 40K 5 28 BAE AR DN & R, AT
A5 0 N 7 22 BAE FH G &5 5 o WU 7 1 aim s 4
PERG SR, 22 B 5 2% 09 R B0 R IR b 0 v A AR A AE
EELSRTEBEESAERBRIESZ AKRK
PRI T Bl 5 2P DR R L[R]3 )

(3]

(4]

e
=

(5]

(6]
£ ik (References)

(1] R, B, XK, &5, ILI T IR TR 3 4 i V5 Y RAAE R i 2
RS RS PR (0], PR BE TR, 2019, 37(11): 65-69. [WANG Hui,
ZHAO Yueming, LIU Chunyue, et al. Characterization of heavy metal (7]
contamination and evaluation of potential ecological risk of sediments
in the main stream of Liaohe River[J]. Environmental Engineering,
2019, 37(11): 65-69.]

Seonik, B ERR A BRI (1], B RN 22 4R, 2002,

[2] (8]

23(6): 19-20. [CHAI Yuanwu, GONG Jing. Effects of heavy metals
on human health[J]. Journal of Guyuan Teachers College, 2002,
23(6): 19-20.]

FRETEH, s, £, . 30 =M IR K8 5 X 4R A R
E R v 6 KU [J]. A48 T RE, 2023, 41(1): 232-239. [CHEN Xue-
juan, GAO Fang, WANG Qing, et al. Distribution characteristics and
potential risks of heavy metals in freshwater restored wetlands in the
Yellow River Delta[J]. Environmental Engineering, 2023, 41(1): 232-
239.]

Ding Z, Wu J, You A, et al. Effects of heavy metals on soil microbial
community structure and diversity in the rice (Oryza sativa L. subsp.
Japonica, Food Crops Institute of Jiangsu Academy of Agricultural
Sciences) rhizosphere[J]. Soil Science & Plant Nutrition, 2017, 63(1):
75-83.

SR, 2R, I ST, 45 ST = A P o G SR T YR A R VT
i [9]. B85 R 37 BL 2, 2018, 44(5): 118-122. [SONG Ying, LI
Huadong, SHI Wenbo, et al. Ecological risk assessment of heavy met-
al pollution in wetlands of the Yellow River Delta[J]. Environmental
Protection Science, 2018, 44(5): 118-122.]

BUb e, AL BT, AR SO =AM E R R D7 U R E S
JEIP MR (0], B AR FARRLARR, 2023, 39(3): 193-202.
[JIA Shaoning, SHEN Fa, YAN Ning, et al. Analysis and evaluation of
soil heavy metals under different land use in the Yellow River Delta[J].
Journal of Ludong University (Natural Science Edition), 2023, 39(3):
193-202.]

REF, WA WA AR SRR [T]. BRI SRR,
2001(S2): 32-34. [WU Zhiyong, HUANG Chuanyou. Changes in
wetland composition and wetland conservation[J]. Environmental Sci-
ence and Technology, 2001(S2): 32-34.]

W, /N K, TR, 5. 300 = A ie X R E VIR E &R


https://doi.org/10.3969/j.issn.1003-6504.2001.z2.014
https://doi.org/10.3969/j.issn.1003-6504.2001.z2.014
https://doi.org/10.3969/j.issn.1003-6504.2001.z2.014
https://doi.org/10.3969/j.issn.1003-6504.2001.z2.014

A4 s

BRAB RN, S i) = A1 PN AL AR R M TR 8 4 I ¥ e XU TPA B SHe R 23

187

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

V5 YL AE R B 4% W (D). FREE TR AR, 2023, 17(7):  2424-2432.
[YANG Qingxiang, LI Xiaoqing, YU Miaocheng, et al. Characterist-
ics of heavy metal pollution in surface sediments of the Yellow River
Delta Experimental Area and strategies for prevention and control[J].
Journal of Environmental Engineering, 2023, 17(7): 2424-2432.]
Yang H, Sun J, Xia J, et al. Distribution and Assessment of Cr, Pb, Ni
and Cd in Topsoil of the Modern Yellow River Delta, China[J]. Wet-
lands, 2021, 41(2): 26.

SE, SRR, BN, S DUAREE VAT = AN T U B S LB 43 #T [0].
I VR 5 5 DU 42 3 R, 2006, 26(4):  29-35. [BIE Jun, HUANG
Navy, FAN Hui, et al. Ground subsidence in the modern Yellow River
Delta and its causes[J]. Marine Geology and Quaternary Geology,
2006, 26(4): 29-35.]

BEARTT, R, m s, A5 BRI = A TR DR AR 1
SE [J]. HFEESEAR, 2009, 31(1): 117-124. [XUE Chunting, YE Siyuan,
GAO Maosheng, et al. Determination of sedimentary age of modern
Yellow River Delta sediments[J]. Journal of Oceanography, 2009,
31(1): 117-124.]

FZig, oA, FO I =ML R A ST RAE XA
FARE (D). BRI IPE SR, 2018, 37(3): 330-338. [WANG Kueifeng,
LI Nianchun, WANG Wei. Characteristics of multi—year coastline dy-
namics change and evolution law in the Yellow River Delta[J]. Journal
of Applied Oceanography, 2018, 37(3): 330-338.]

BRAT R, AR, AR, 55, SR0RT = AR P K SO R Bl 1) 4%
Hr [J]. /K3C, 2023, 43(3):  112-117. [CHEN Kexin, CONG Pifu, QU
Limei, et al. Hydrological connectivity and driving force analysis of
wetlands in the Yellow River Delta[J]. Hydrology, 2023, 43(3): 112-
117.]

fl . o R M R T RPN O VA SRR (0] BEPHAERE
e HARBLERR, 2021, 16(3): 92-95. [XIONG Yan. Review of soil
quality and soil heavy metal pollution evaluation methods[J]. Journal
of Guiyang College (Natural Science Edition), 2021, 16(3): 92-95.]
X, 2, AR LY, 45, 1 SRS YA A R VRN 7 VR LR
[0]. B IME 5K, 2007, 19(3): 6-11. [LIU Jing, TENG Yan-
guo, CUI Yanfang, et al. A review of ecological risk assessment meth-
ods for soil heavy metal pollution[J]. Environmental Monitoring Man-
agement and Technology, 2007, 19(3): 6-11.]

IR, 45 AH, KBAlE, . L3 G v Yo AR VAN 7 0] LA
F¢ [9]. W AEAR LR, 2020, 24(4): 89-95. [LIU Decheng, LI Yugian,
ZHENG Chunjing, et al. Comparative study of risk assessment meth-
ods for soil heavy metal pollution[J]. Hebei Agricultural Science, 2020,
24(4): 89-95.]

FHSC, A, TR VLD AL b DXV M AR ) 4 S ¥ X
R PEM [ % 4 538 TRE, 2023, 30(4): 243-252. [TIAN Wen,
GU Yansheng, DING Junjie. Risk assessment of heavy metal contam-
ination in wetland sediments in Xiantao, Jianghan Plain[J]. Safety and
Environmental Engineering, 2023, 30(4): 243-252.]

Wi, RS, RO ZE, 4. N M T SR ERAR AP DURA ) R G
JES Ge: S FE L ER A A1 SRR (D). FREE AL 5 UK, 2002,
25(2): 7-9. [TENG Yanguo, TOU Xiangguo, NI Shijun, et al. Evalu-
ation of heavy metal contamination in sediments using the geoaccumu-

lation index: Influence of selecting the geochemical background[J]. En-

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

28]

[29]

[30]

vironmental Science and Technology, 2002, 25(2): 7-9.]

BT, EFE, SRR, 55 FRE M R AL LR TORR A G R is G
FEAE J i 70 AR 8 UK [3]. B8535 Y2 5 B ¥A, 2022, 44(11): 1491-
1496, 1502. [LI Yiping, WANG Xianglian, JIN Ruyi, et al. Character-
istics of heavy metal contamination and potential ecological risk in the
sediments of Nanjishan Wetland, Poyang Lake[J]. Environmental Pol-
lution and Prevention, 2022, 44(11): 1491-1496, 1502.]

MRiR, £45, EIEK, L ARRE T = AMHX LR E SRR
AR (7). B SRR 47 1, 2023, 3(3): 94-102. [CHEN Chen,
WANG Bing, WANG Hanbing, et al. Evaluation of soil heavy metal
pollution and ecological risk in the delta area of Dongying City, Shan-
dong Province[J]. Nature Reserve, 2023, 3(3): 94-102.]

F B0, AR SR BRI A% RS R )] M R, 2017,
72(1): 116-134. [WANG lJinfeng, XU Chengdong. Geoprobes: prin-
ciples and perspectives[J]. Journal of Geography, 2017, 72(1): 116-
134.]

Cheng Q, Lou G, Huang W, et al. Assessment and potential sources of
metals in the surface sediments of the Yellow River Delta, Eastern
China[J]. Environmental Science & Pollution Research, 2017, 24(21):
17446-17454.

FE KPR R, GB15618-1995 - IEFR 5% &A%k [S]. dbat: h[E
br #E H R 4, 1995. [National Environmental Protection Bureau.
GB15618-1995 Quality Standard for Soil Environment [S]. Beijing:
China Standard Press, 1995.]

WHER, MBUE, B—25, 5. BRI E &85 PR e &
AR B R ARARMT [1]. Hu22 1045, 2024, 31(3): 410-419. [TU Chun-
lin, HE Chengzhong, MA Yiqi, et al. Characterization, ecological risk
and source analysis of heavy metal contamination in sediments of the
Pearl River Basin[J]. Geological Frontiers, 2024, 31(3): 410-419.]
TR, BRED, LR, S5 KT = M X e E s A I )
SERAE ()], R HEGE R, 2012, 43(5):  1098-1103. [ZHANG Ming,
CHEN Guoguang, LTU Hongzhu, et al. Heavy metal contents of soils
and their differentiation characteristics in the Yangtze River Delta re-
gion[J]. Soil Bulletin, 2012, 43(5): 1098-1103.]

Bzimg, g, BT, 55 SRR Z DU E 5 )8 2 A RHE
15 BT SRR S A (9], MR S A D 42 R, 2021, 41(6): 67-
81. [DUAN Yunying, PEI Shaofeng, LIAO Mingjian, et al. Distribu-
tion characteristics, pollution assessment and source analysis of heavy
metals in surface sediments of Laizhou Bay[J]. Marine Geology and
Quaternary Geology, 2021, 41(6): 67-81.]

Peds or, AAAER, ISP, 5. LR Rt AL 2 5E 0], IR
+ Bt JE, 2018, 34(1): 39-43. [PANG Xugui, DAI Jieri, HU
Xueping, et al. Soil geochemical background values in Shandong
Province[J]. Shandong Land Resources, 2018, 34(1): 39-43.]

Pedk v, AT, R, . IR 17 T L k40 521 FE (1. 10
AR IE 4 YR, 2019, 35(1): 46-56. [PANG Xugui, DAI Jieri, CHEN
Lei, et al. Soil geochemical background values of 17 cities in Shan-
dong Province[J]. Shandong Land Resources, 2019, 35(1): 46-56.]
Wilding L P. Spatial variability: its documentation, accommodation
and implication to soil surveys[C]. Soil spatial variability, 1985: 166-
194.

BRI, R4S, BRI, 45 BRIE (M) REVIRY T E SR


https://doi.org/10.12030/j.cjee.202212135
https://doi.org/10.12030/j.cjee.202212135
https://doi.org/10.3969/J.ISSN.2095-4972.2018.03.004
https://doi.org/10.3969/J.ISSN.2095-4972.2018.03.004
https://doi.org/10.3969/J.ISSN.2095-4972.2018.03.004
https://doi.org/10.3969/j.issn.1006-2009.2007.03.003
https://doi.org/10.3969/j.issn.1006-2009.2007.03.003
https://doi.org/10.3969/j.issn.1006-2009.2007.03.003
https://doi.org/10.3969/j.issn.1006-2009.2007.03.003
https://doi.org/10.3969/j.issn.1003-6504.2002.02.003
https://doi.org/10.3969/j.issn.1003-6504.2002.02.003
https://doi.org/10.3969/j.issn.1003-6504.2002.02.003
https://doi.org/10.12335/2096-8981.2022091901
https://doi.org/10.12335/2096-8981.2022091901
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.3969/j.issn.1672-6979.2018.01.005
https://doi.org/10.3969/j.issn.1672-6979.2018.01.005
https://doi.org/10.3969/j.issn.1672-6979.2018.01.005
https://doi.org/10.12128/j.issn.1672-6979.2019.01.008
https://doi.org/10.12128/j.issn.1672-6979.2019.01.008
https://doi.org/10.12128/j.issn.1672-6979.2019.01.008

188

T M S5 5 1 20 M S

2024 4 10 H

[31]

[32]

[33]

[34]

KL EE RORE [7]. FRBE AL 5 B, 2011, 36(10): 53-56, 46. [WEI
Caineng, NIU Hongyi, WU Qunhe, et al. Particle size effects of heavy
metals in surface sediments of the Pearl River (Guangzhou River Sec-
tion)[J]. Environmental Science and Management, 2011, 36(10): 53-
56, 46.]

RERE, PN, TR, &5, SN TTRIYIRLEE 5 5 58 2 A REAE (7).
HEVERLE, 2021, 45(3): 43-50. [ZHAO Yauting, SUN Shan, YU Lip-
ing, et al. Characteristics of sediment particle size and heavy metal dis-
tribution in Laizhou Bay[J]. Marine Science, 2021, 45(3): 43-50.]
Ao, B s B, R, . ORURIS T AR e G R S Ry
E 5 R VEMFEMT (1] R BERL2E, 2019, 40(11): 5073-5081. [LI Weidi,
CUI Yunxia, ZENG Zandao, et al. Characteristics and sources of heavy
metal pollution in farmland soils in the Taige Canal Basin[J]. Environ-
mental Science, 2019, 40(11): 5073-5081.]

Shan C Q, Zhang Z W, Zhao D Y, et al. Heavy Metal Contamination in
soils from a major planting base of winter Jujube in the Yellow River
Delta, China[J]. Processes, 2022, 10(9): 1777.

RSV, A, I, A5, HARKE RN 0 = A IR R R DT
FAM < IR J0 3 20 A 1% R B2 W (0], 2B A S22, 2023, 42(10):
2368-2375. [ZHENG Meijie, ZHENG Dongmei, XIN Wang, et al. Im-

[35]

[36]

(37]

(38]

pacts of M. alterniflora invasion on the distribution pattern of metal
elements in surface sediments of the Yellow River Delta wetland[J].
Journal of Ecology, 2023, 42(10): 2368-2375.]

TR, RE A, 2=, S, DR S5 I b - 39 BN I R L R KB R
W (7). mERLADET, 2023, 7(2): 38-50. [ZHANG Na, XIONG Jian,
LI Wei, et al. Physicochemical properties of soil and heavy metal risk
assessment in Bagaxue wetland[J]. Plateau Science Research, 2023,
7(2): 38-50.]

Forstner U, Wittmann G T W. Metal Pollution in the Aquatic Environ-
ment[M]. Berlin: Springer-Verlag, 1979.

El Azzi D, Probst J L, Teisserenc R, et al. Trace element and pesticide
dynamics during a flood event in the save agricultural watershed: soil-
river transfer pathways and controlling factors[J]. Water, Air, & Soil
Pollution, 2016, 227(12): 1-19.

SRk, T/, B SR AR B ORAT SR X /NI - A s )
5 KW R R B (7). Ak TR 24 4], 2023, 39(18):  226-233.
[MA Quanlai, WAN Xiaoqgiang, YANG Chongke, et al. Spatial differ-
entiation of soil lead content in small watersheds in the South Taihang
Typical Area and analysis of influencing factors[J]. Journal of Agricul-

tural Engineering, 2023, 39(18): 226-233.]


https://doi.org/10.3969/j.issn.1673-1212.2011.10.014
https://doi.org/10.3969/j.issn.1673-1212.2011.10.014
https://doi.org/10.11975/j.issn.1002-6819.202306206
https://doi.org/10.11975/j.issn.1002-6819.202306206
https://doi.org/10.11975/j.issn.1002-6819.202306206
https://doi.org/10.11975/j.issn.1002-6819.202306206

	1 研究区背景
	2 材料与方法
	2.1 样品采集与测定
	2.2 土壤重金属污染风险评价方法
	2.2.1 地累积指数法
	2.2.2 潜在生态危害指数法

	2.3 地理探测器
	2.4 数据分析与统计

	3 结果与讨论
	3.1 沉积物重金属含量特征
	3.2 沉积物重金属空间分布特征
	3.3 沉积物重金属风险评价
	3.3.1 地累积指数法评价
	3.3.2 潜在生态危害指数法评价
	3.3.3 两种评价结果的对比

	3.4 沉积物重金属污染源分析
	3.5 潜在生态危害指数影响因素分析
	3.5.1 因子探测
	3.5.2 交互作用探测


	4 结论
	参考文献

