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Fig.1 Researched area location and distribution of sampling sites
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Table 3 Intercept and slope corresponding to different

heavy metals in logistic regression model
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Table 4 Descriptive statistics of heavy metals in sediments from different rivers

ZH Cu Zn Ni Cr cd Pb
SR/ 1070 32.7~53.6 52.4~120.0 31.2~61.4 52.2~139.0  0.165~0.417 20.9~44. 1
% F-H{E/107° 40.2 84.4 44.5 80.3 0. 269 31.1
o hrRififi /107 7.5 23.5 10.9 27.6 0.078 6.2
Hr A5 B % 18.6 27.9 24.5 34.3 28.9 19.9
i (/1070 24.0 63.5 25.8 66.0 0.084 25.8
i C M8 1.68 1.33 1.72 1.22 3.20 1.20
B Bl 8.40 1.33 8.60 2.44 9.0 6.00
TS A AL 5 /% 100 70 100 70 100 80
FEE/ 1076 15.5~41.6 62.8~87.6 27.8~57.3 54.1~92.3 0.173~0. 367 22.7~37.6
FH{E/107° 27.4 74.2 42.9 69.3 0.254 29.9
qz; Frifidw22/107 8.7 10.5 10.2 11.5 0.079 4.9
i AR5 FZH % 31.8 14.2 23.7 16.5 31.0 16.3
Wi HHEE/107° 24.0 63.5 25.8 66.0 0.084 25.8
5§ C i 1.14 1.17 1.66 1.05 3.02 1.16
E A 5.70 1.17 8. 30 2.10 90. 6 5.80
R AR L/ % 62.5 87.5 100 62.5 100 75
L1070 18.5~48.4 55.3~108.0 28.1~59.3 51.2~94.5 0.133~0.336 20.4~41.5
F-H41E/107 33.3 78.3 39.2 72.9 0.212 30.4
& FrifEdn /107 13.0 18.3 11.0 16. 1 0.070 8.6
% AR ZE % 39.1 23.4 28. 1 22.1 32.8 28. 1
- HEE/107° 24.0 63.5 25.8 66.0 0.084 25.8
B C i 1.39 1.23 1.52 1.11 2.53 1.18
E{H 6.95 1.23 7.60 2.22 75.9 5.90
AT S AL A7 L6/ % 57.1 71.4 100 57.1 100 57.1
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Fig.2 Difference of heavy metals in sediments in different watersheds
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Table 5 Evaluation results of contamination factors of heavy metals in sediments
Cu Zn Ni Cr Cd Pb

WHRRET YR RE ; ; ; ; ; ;

- T T - T A -

C<l1 Rz 6 24% 6 24% 0 0% 9 36% 0 0% 7 28%
1sC<3 g 19 76% 19 76% 25 100% 16 64% 15 60% 18 72%
3s(C<6 HHE 0% 0% 0 0% 0% 10 40% 0%

C=6 JrH 0% 0% 0 0% 0% 0 0% 0%

Tl o 4 Jd ok ) P R G Y R R A A7 3 3k 3 e e
60% , o Ni fe i, 5% 100%

] PN 43 32 V5 Y K AR LR A o 4 i TS e T e B
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& NI R RKV-225 T 4 8 15 Y 7 faf
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Table 6 Evaluation results of heavy metals in sediments from different polluted rivers
o C M8
BRI BB Cu In Ni ’ Cr Cd Pb LI
FERG Ty L0 0.20 0.76 0.17 0. 64 0.61 0.40
BE 0] g 14 3.13 4.02 1.93 1.95 6.57 2.46 3.02
¥ 10 g ) 1.00 0.94 0. 86 1.17 2.05 1.39 1.18
TERE M BT g LS 5.15 0.47 0.78 0.77 355 1.85 3.14
PeEg T AR k) 2.88 2.30 1.46 2.21 1.92 2.10
BT e Rl 1.41 0.32 0.35 16.7 0. 89 1.19
Pl B 1.68 1.33 1.72 1.22 3.20 1.20 1.62
T3 ARR] 1.14 1.17 1.66 1.05 3.02 1.16 1.42
IR A0 1.39 1.23 1.52 1.11 2.53 1.18 1.43
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Fig.3 Contribution of different heavy metals

to potential ecological risk index
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Table 7 P and Y values of heavy metals in sediments from three rivers
P
W5 P Y
L Cu Zn Ni Cr cd Pb -
NS 0.252 0.176 0. 489 0.326 0. 145 0.212 0. 489 0.367
J7 Al 0.171 0. 150 0.478 0.285 0.138 0.204 0.478 0.359
2R o] 0.209 0. 160 0.451 0.299 0.116 0.207 0.451 0. 340
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MU BTAE 1 4 BT 1 i o ik Bk T X, £ v
I3 T 10 A FE /N A4k T Ak 24 15 2 v ) A
AR, HE KA A X W, A AR
M), 3 — 2 5 W S 30 A R i W 507, AR £ ]
TR X N 4 8 5 i 225 S i R IR 3, Cu
Zn Cr.Cd . Pb #BH B 7K T 75 5 (85 19 s 4, R it
Cu Ni Cd BT 4 ANl 2 A58 S (E s,
A, HoR R AT g2 8 2 B IR CET LA A9 Tk
A G TG K AE B AN T, K75 7K o3 ) A HE A A1 25
TR R, R4 20t KIE B TR . [ EH,
5%t D, Dy A5 A=A W E R, E R0 Dy D,

4 B S AT FFEAR 2R A
3.2 MIBRYHDELERESHT

B4R TR AR A B e ]2 H A A
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Fig.4 Distribution of heavy metal contents in sediments of researched area
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Table 8 Correlation coefficients Table 9 Principal component analysis result
among heavy metal contents of heavy metals in sediments

JLE Cu 7Zn Ni Cr Cd Pb HER IR~ 28 Aoy

Cu 1 Cu 0. 807

Zn  0.678°" 1 In 0. 891

Ni  0.567*% 0.712*% 1 Ni 0. 856

Cr 0.478™* 0.781°* 0.739** 1

Cd  0.728"" 0.655%* 0.712%* 0.493* 1 zz E'E;i

Pb  0.654"" 0.682** 0.607** 0.629"* 0.739** 1 ’

W R e 0. 01 KPS B " R e 0.05 KT e 0.830

LERE, U5 2 TR 71.49%
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Characteristics and risk assessment of the heavy metals in stream sediments of Heze City

XU Xiong' ,SUN Yan-Ting' ,XIAO Fang',XIAO Pei-Ping' ,DONG Ying-Shang',LI Min®
(1. Heze Ecological Environment Monitoring Center of Shandong Province, Heze 274000, China; 2. College of Agricultural and Biological Engineering,

274000, China)

Heze University, Heze

Abstract: This study aims to investigate the characteristics, pollution sources, and ecological risks of heavy metals in the stream sedi-
ments in Heze City, which is an important catchment area in the east route of the South-to-North Water Diversion Project. To this end,
stream sediment samples were collected from 25 sites of three major river basins in Heze City, and the contents of Cu, Zn, Ni, Cr,
Cd, and Pb in the samples were analyzed. Moreover, this study assessed the ecological risks of these heavy metal elements using the
pollution load index ( PLI), potential ecological risk index (RI), and logarithmic regression model and determined the pollution
sources of these heavy metal elements through correlation and principal component analysis. The results are as follows. The contents of
the six heavy metal elements in the stream sediment samples were generally higher than their background values. The Ni and Cd con-
tents at all investigated sites exceeded their background values, especially the Cd content at 40% of the investigated sites, which was
more than three times the background value. The heavy metals in the stream sediments of the three river basins are unevenly distribu-
ted. The maximum values of the six heavy metals all originated from the samples of the Zhuzhaoxin River basin, of which the PLI, RI,
and toxicity ratio Y were 1. 67, 123 and 0. 367, respectively. These values were higher than those of the other two basins, indicating
that the heavy metals in sediments of the Zhuzhaoxin River basin reach moderate pollution and have high ecological risks and potential
harm to aquatic organisms. The principal component analysis shows that the petroleum refining and related chemical enterprises in in-
dustrial parks are the main contributors to the enrichment of the six heavy metal elements.
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