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Fig.1 Study area location (a) and distribution of the sediment samples (b)
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Table 2 Grading criteria of comprehensive pollution index
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Table 3 Statistics of heavy metals concentration in the sediments

s As Cd Cr Cu Hg Ni Pb Zn
F-H4{H/1076 10. 81 0.38 101. 19 33.51 0.04 44.61 115.24 119.20
/ME/107° 3.79 0. 09 74.30 11.90 0.01 20.00 13. 00 34.50
%1070 9.40 0.28 104. 50 32.90 0.03 48.75 24. 40 98. 05
BKRME/1070 28.00 1.66 118.00 68.50 0.18 64.30 1003. 00 493.00

Frifidi22/107 6.29 0.36 11.16 13. 83 0.04 12.28 246. 67 99.20
R REL 0.58 0.95 0.11 0.41 0.93 0.28 2.14 0.83
AR I SE/107° 10. 60 0.27 91.00 40. 00 0.07 38.00 39.00 96. 00
A 3RS /1070 9.10 0.15 63.00 23.00 0.05 26.00 25.00 67.00
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Qingling river
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Table 4 Correlation analysis of heavy metals in the sediments
JLH As Cd Cr Cu Hg Ni Pb Zn
As 1 0.710" * 0.310 0.808" " 0.621" " 0.562" " 0.817" " 0.727" "
Cd 1 -0. 045 0.839" " 0.572" " 0. 406 0.825" " 0.940" "
Cr 1 0. 283 0.228 0.730" " 0.073 0. 155
Cu 1 0.617" " 0.615"° " 0.840" " 0.852" "
Hg 1 0.387 0.500 " 0.541""
Ni 1 0. 406 0.574* "
Pb 1 0.828""
7Zn 1

" 7 FIR P<0.05,“ " * 7 IR P<0.01,

x5 RERESERENIRHHM
Table 5 Principal component analysis of heavy metals

concentrations in the sediments
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As 0. 890 0.019 0.792
cd 0.885 -0.371 0.921
Cr 0.329 0.911 0.938
Cu 0.945 -0.033 0. 894
Hg 0.702 0. 009 0.493
Ni 0.682 0.634 0. 868
Pb 0. 881 -0.273 0. 851
Zn 0.922 -0. 168 0.878
VIR FRIE (A 5.161 1.475
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Fig.3 Principal component loading of heavy metals in

the sediments
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Table 6 Class distribution of I, for heavy metals in the sediments

Lyeo et/ %
E
AR AL SEI(E 1,.,<0 0</,,<1 1<l,,,<2 2<l,,,<3 3<l,., <4 4<l,.,<5
As -2.07~0.82 -0.76 81.82 18.18 0 0 0 0
Cd -2.20~2.04 -0.50 77.27 13.63 4.55 4.55 0 0
Cr -0.88~-0.21 -0.44 100. 00 0 0 0 0 0
Cu -2.33~0.19 -0.95 90.91 9.09 0 0 0 0
Hg -3.39~0.78 -1.68 90.91 9.09 0 0 0 0
Ni -1.51~0.17 -0.42 90.91 9.09 0 0 0 0
Pb -2.17~4.10 -0.56 72.72 9.09 9.09 0 4.55 4.55
Zn -2.06~1.78 -0.57 81.82 13.63 4.55 0 0 0

3.2.2 WP HGE

EWAT RS YE 8 FhER 4 iy B R TS L e B S
THEERWME 7 s, 8 Mook P, FYMEHT 4 . Pb
(2.95)>Cd(1.41)>Zn(1.24)>Ni(1.17) > Cr
(1.11)>As(1.02)>Cu(0. 84) >Hg(0.63) ., M%IC
R0 P, AR, Pb NREETG YL (2<P,<3) , As,
Cd.Cr Ni Zn NWFETG Y (1<P,<2),Cu H N5
Pe(P,<1), MM 1A, 81. 82% R #f s 1) Cr,
68. 18% K HE L) Ni F140. 91%KKE S 1Y Zn HIAE
1YY g s T A T R Gk BV AR TS G LA As
Cd . Hg,Pd,Zn 73 5 H 9. 09% . 4. 55% . 4. 55% .
4.55% .9.09% W RAE s W R V5 Y45 Cd  Pd  Zn 53
A 9.09% 18. 18% 4. 55% ¥ RAF s N B FE 5 Y,
XEWEIE T Cd Hg Pd . Zn AT RETE A S LE 77 AR T
A2 T B AR R A TE il s R A T Cr (Ni B
SRR AR TS YRR B 0 35 P, S (H YA
i 2,Cr 4334 18. 18% 81. 82% 1 K Af S 4L T JEi5
YRS YL IX 6], Ni 20 514 36. 36% .63. 64%I1)
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Table 7 Class distribution of P; of heavy metals in the

sediments

_ P; B/ %

AL FEHE Pi<1 1<P, <2 2<P,<3 P,>3
As 0.36~2.64 1.02 68.18 22.73 9.09 0
Cd 0.33~6.15 1.41 50.00  36.36 4.55 9.09
Cr 0.82~1.30 1. 11 18.18  81.82 0 0
Cu 0.30~1.71 0.84 81.82 18.18 0 0
Hg 0.14~2.57 0.63 81.82 13.63 4.55 0
Ni 0.53~1.69 1.17 31.82 68.18 0 0
Pb  0.33~25.72 2.95 72.72 4.55 4.55 18.18

Zn  0.36~5.14 1.24 45.45  40.91 9.09 4.55

SRAE AL T I0 T Y RN AE 15 G X [R], 3 A 5 A3 4
FEX I I Cr Ni BRI CR I SR & A X,
Wit 8 AT LUFE Y, W w ik e rh 8 M 4
(R MG 25 BT Y AR B AR Ll 0. 74~ 18. 54, °F-
BIE R 2. 75, Bk T R E, NS EFE,
T — R SO IE SRR, A 22, 13% 1R
FESUCR T T, TR BIER TS YL i Lo 45. 45% , 4
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Table 8 Class distribution of Nemero comprehensive pollution index of heavy metals in the sediments
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Characteristics and source analysis of heavy metal contamination in the sediments of the
Jinsha River Basin: A case study of the Qingling River

CHENG Yan-Xun'?, XU Lei"*, WU Liang'*, ZHAO Meng-Sheng'*, WANG Fu-Hua', QIAN Kun'?,
ZHENG Hong-Fu'?, LI Wen-Hui'"*, ZHANG Hong-Hui'"?
(1. Kunming Natural Resources Comprehensive Survey Center of China Geological Survey, Kunming 650100, China; 2. Technology Innovation Center for

Natural Ecosystem Carbon Sink, Minustry of Natural Resources, Kunming 650100, China)

Abstract: To understand the characteristics and sources of heavy metal contamination in the sediments of the Jinsha River basin, this
study investigated the Qingling River basin-a primary tributary of Longchuan River on the south bank of the Jinsha River. Samples were
collected from the sediments of 22 representative sections, and the concentrations of eight heavy metal elements, i.e., As, Cd, Cr,
Cu, Hg, Ni, Pb, and Zn, were tested and analyzed. Statistical analysis was conducted on the distribution characteristics of these heav-
y metal elements in the sediments along the basin. The sources of these heavy metals were investigated using correlation analysis and
principal component analysis, and the degree of heavy metal contamination in the sediments was assessed using the geo-accumulation
index and the Nemero index. The results indicate that As, Cd, Cu, Hg, Ni, Pb, and Zn are primarily influenced by mining, agricul-
tural, and industrial activities. Cr and Ni originate primarily from soil-forming parent materials. Besides natural sources, Ni is also af-
fected by anthropogenic sources. The assessment results derived using the geo-accumulation and Nemero indices reveal that the eight
heavy metal elements exhibit moderate or low contamination on average. However, partial elements, represented by Cd, Hg, Pb, and
Zn, exhibit localized enrichment within the basin, primarily concentrated in the Laojiezi Au-Pb-Ag polymetallic mining area and the ur-
ban-rural junction in the lower reaches of the county.

Key words: sediment; heavy metal ; contamination characteristic; source analysis; Jinsha River; Qingling River
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