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Effect of the rural-urban binary structure on the spatial distribution
and sources of heavy metals in the sediments of a typical
mountainous river
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Abstract: The spatial distribution of heavy metals in the sediments of mountainous rivers is significantly
influenced by population density and industrial structure. In December 2019, sediment samples were collected
from the Taohuaxi River—a typical mountainous river spanning both urban and rural areas in Changshou District,

Chongqing—to investigate heavy metal contamination. The concentrations of eight heavy metals were measured,
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revealing that their average contents in the urban section were higher than those in the rural section, with cadmium
(Cd) and copper (Cu) showing significant differences. Population density was found to be a key factor shaping the
spatial distribution of heavy metals in river sediments. According to the improved geoaccumulation index (Z,,),
20.59% of the monitored sites exhibited near moderate or moderate pollution, indicating localized enrichment of
heavy metals along the river. Based on the potential ecological risk index (RI), 67.65% of sites presented medium
or high potential ecological risks. The sediment quality guidelines (SQGs) assessment further indicated that heavy
metals posed a moderate toxicological risk to aquatic organisms. Overall, the ecological risk of heavy metals in
the sediments of the Taohuaxi River should not be overlooked. Positive matrix factorization (PMF) model analysis
identified five major sources of heavy metals, with contributions in the order of aquaculture sources (38.79%) >
natural sources (20.40%) > mixed anthropogenic sources (20.35%) > industrial sources type II (16.69%) >
industrial sources type I (3.78%).
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1.1 HREXiE

BEAE R Ik FHRK TR E X, BRI —9 0. BRI T A 188, 4 84 & HU/EiH 5 , 78 KU
BHEICAKIT., TR AK 63.1 km, X HEFE 5 6.9%0 , T THEAEZ I A KITANA — B 25 160 m 1Y IE A6 , N
b, R 43 Bk 46 1R ] BET] L B A /N o 3 S8 I ARG TR AR, 2 AR RR 17.68 °C, 2 E B R R
1 162.7 mm, 2 70% A K N B 45 F 5—9 A TR 2, A VT 1 T 11 Ak 9 248 - 34 0 i 5.3 m/s. BkAEE T 1
UiE (0~42.7 km ) i 2 4 b B RIS B SR 4T, R 17 (42.7~63.1 km) g A K 5311 X, J2 51 P Hb XK VT 9 4 iy
SRR T 22w
1.2 H@:RESHH

2019 4F 12 A W Bk AEIR 37 A B 32 2 30 37 SR S5 10 JR UL AU B S 36 1 TR o 7 Al — s A, R g 39
SRR ZUORK AR AN VA RE S IR 34N UIRIFE & o Hod, T3 UTBURR & 20 4 O B0 2 R i
N G1~G20) , U DL HE i 144 (A A 7E 14 25 30, N B 22 R FIRIR O Z1~Z14) s o R R B it iR
FESL 221 (G1~G8,Z1~Z14) 3k i1 BEVTA IR dh 1240 (G9~G20) o FEdh L i 5 2 VR IR AT, FR e B2 3L IR = 0 T o

SR FH 3% B8 H A 5 0 52 ORR A pH A (CI/T 221—2005) ; 45 LK (TOC) 5K FH 2 4% iR B 0 45 1 (NY/T 1121.6
—2006) M %2 ; BV5E (Cd) R A 8500 57 OB 6 6 BE 2 (GBY/T 17141—1997) Il 22 5 & A (As) B (Cu) LA
B (Cr) BV (NT) L BVE (Pb) FLEVEE (Zn) >R F 7K 2 B — L 8RS & 45 88 1R BT 5 75 (CI/T 221—2005) I 7€
As.Cd.Cr.Cu.Hg Ni.PbFlZn I FH A J7 246 0 B 43 531 24 2.0.0.01.1.5.,0.67.,0.002,1.5.1.5.1.0 mg/kg. 4
J& B AR [EISCRTE 94%~116% 2 [8], 3 41 FATHE A 0 HriR 22 4/ T 15%.
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Table 1 Coordinates of sampling points

K E A L) Jeghio) RAE AL R2Z/(°) Jegi/(e)
Gl 107.150 797 30.081 023 G18 107.095 148 29.857 596
G2 107.142 513 30.071 733 G19 107.088 808 29.850 823
G3 107.119 232 30.032 033 G20 107.081 121 29.849 460
G4 107.082 966 29.976 082 Z1 107.161 352 30.092 889
G5 107.072 060 29.937 348 72 107.150 337 30.074 452
G6 107.052 885 29.905 534 73 107.138 723 30.042 122
G7 107.050 423 29.891 630 74 107.128 313 30.039 157
G8 107.057 748 29.882 342 75 107.129 486 30.032 622
G9 107.065 796 29.880 161 76 107.119 103 30.032 486
G10 107.076 904 29.879 250 Z7 107.108 796 30.002 436
Gl11 107.084 440 29.876 458 78 107.095 716 30.012 269
Gl12 107.078 774 29.872 239 79 107.079 645 29.977 147
G13 107.085 384 29.869 685 Z10 107.084 573 29.967 709
Gl14 107.084 425 29.866 141 Z11 107.083 305 29.955 410
G15 107.088 366 29.862 457 Z12 107.072 944 29.952 601
Gl16 107.089 702 29.864 589 Z13 107.056 377 29.912 098
G17 107.092 419 29.861 718 714 107.074 858 29.891 441

1.3 ZHFEAE
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FBEHC 155 B oW o i M E < 1 S AE™, 18 U DT 0 T 1 O T E, As .Cd .Cu Hg Ni Al Pb 15 5 H 7051

(1)

5.82.0.133.23.83.0.053.30.65.25.48 mg/kg", ave( i CB )%u max( P XC‘B )én‘%d%@ﬂﬂ@é)%ﬁ%%%%&%ﬁﬂ
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RI—Z(T,X g) (2)

AP TN PP G Jm B REE R AL, As .Cd .Cu Hg \Ni.Pb 73510 10.30.5.40.,5.5""; CON 2 i Ff 5L 3 Jm 75
SEN E A, mg/kg; BOWES i PV & R Y B0, meg/kg. WM SE AL (RI< 150) 145 KUKE (150~300) (38
e AU (300~600) Fil i XURS: (2600) 4 A~ 45 241

BT UM %ﬁ%;%/@(SQGs)E?fr%E'Jm%E%EPE%J% Y35 FE RN BB (ERMQ)™ 1 JH TEM LR
Yy E 4 ) I TR AE AR S AU

I N
ERMQ—nZ(ERM’), (3)

K :CoNS iR E & )8 & i SC 0% &, mg/kg; ERM, Ry 57 1 F i 43 J A6 ) 5 5 %800 H B, As .Cd .Cr.Cu . Hg.
Ni.Pb.Zn %5k 70.9.6.370.270.0.71.52.218 470 mg/kg"™, MUY P L& E 4R & W T ERMEF, H
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LAY R HE R IR & T 75%" PR S G /IR XU (ERMQ<0.1)  H A5 XUBS: (0.1~0.5) (A8 /35 AU (0.5~
1.5) Al KRS (21.5)3X 44~ S 40

PMF #5528 J2& H1 Paatero 2 1 1) — Bl etk /) B 43 B 7 3k, Bk 32 0 FH 105 YL U5 A BT o o 07 i A
VA VAR R R I i 2 A R R A R 1A R 2 B O A SR Ao AR vk PR 2 AR o AR B 2 R
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A 1 : MDL (method detection limit) 7 ¥ £ £6; 111 B ; RSD (relative standard deviation) >y 5 43 J& Wk J32 1) AH X b 1
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Fig.1 Spatial distribution of the concentrations of various heavy metals in sediments
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W2 R, TIRUCRY H As .Cd.Cr Cu Fl Pb BJ{E & 5 i T S0, He JNiFT Zn S0 3 B T 300, (HBR
As Hb R A2 G R AR T SO UUAR Y R JF T8 B M 2 e o IR 3 TR 3R Be LAY R As . Cd Cr.Cu,
Hg . Ni Pb I Zn Y (B 55 45 5 T A A Be, Horb CA A Cu &5 75 AR A B AN 117 B0 AR 18] 47 78 135 22 S, DL W]
N TSR B ATy Al 23 35 st K DU R v 38 00 B < s 1 5 A
£: FERRARNESERKE

Table 2 Heavy metals concentrations in sediments of main and tributary streams

728 As/(mg-kg™)  Cd/(mg-kg') Cr/(mg-kg') Cu/(mg-kg)  Hg/(mg-kg')  Ni/(mg-kg™)

T 14.30+1.49a 0.26+0.17a 27.59+7.15a  32.59+14.72a 0.13+0.11a 19.49+5.00a
B 12.36+2.79b 0.20+0.11a 26.9248.47a  29.15£9.37a 0.14+0.11a 19.70+5.18a
WiE4r2E Pb/(mg-kg)  Zn/(mg-kg') TOC/(g-kg™) I RI ERMQ
T 12.24£1.91a  99.84+105.15a  11.72+3.57a  0.67+0.56a 198.31498.31a 0.16+0.05a
X 12.10£2.66a  138.63£90.27a  16.29+9.24a  0.56+0.63a 186.25+80.68a 0.17+0.06a

TE B B bR v R R, TR n=20, 30 n=14; AR /NE 58/ (a fl b) 78 T S0 DU B A7 78 1o % 2% =+
(P<0.05) , /NG 5B AH [F] I W 2 7R T 33 ORI BO0E A AE A 35 28 5 o

x3 KNRMPETRARVESERE

Table 3 Heavy metals concentrations in sediments of rural and urban sections

MA XA  As/(mg-kg') Cd/(mg-kg')  Cr/(mg-kg') Cu/(mg-kg') Hg/(mg-kg')  Ni/(mg-kg™)

AT B 12.91+2.56a 0.20+0.09a 26.92+7.71a  28.39+10.23a 0.13+0.10a 18.66+4.65a
W TiT B 14.58+1.16a 0.29+0.20b 28.03+7.69a  36.92+15.43b 0.15+0.14a 21.24+5.38a
MA XM Pb/(mg-kg")  Zn/(mg-kg')  TOC/(g-kg™) I RI ERMQ
AT B 11.78+2.28a  106.31£84.49a  15.06+7.84a 0.53+0.55a 180.55+73.04a  0.16+0.03a
i B 12.9241.95a  133.23+125.37a  10.92+3.00a  0.80+0.64a  217.40+115.57a  0.18+0.05b

TE B FH X B bn v R R R B n=22,, 30U n=12s AN R/ 5B (a i1 b) 275 4R A B Al 1T B AR ) a7
635 28 5 (P<0.05) , /NG 7 B AH [7] Ik I 38R T 52 3 LA B A A 7 8 35 25 5

22 HEZEREBARUELESLEE
WK 2 i 2%, As . Cd . Cr.Cu . Hg Ni.Pb 1 Zn H1 2 F1H5 % 4r

(1) ¥I{H 53514 0.60.,0.02 ,-2.13.,-0.30 ,0.53 ,-1.28 .~ 1.67 I .

N
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5 e R b BTG YL AL 53 ) EE o 38.24% .52.94% . 5.88% FI
2.94%; Cu Iy I, Kb F T 15 Y R BE 15 Y 14 5067 43000 5 Lt
67.65% F132.35% ; Hg 1 1, Ak T Joi5 9 R B2 s 3y s b 25
YL 0 B G 1 s 5 50 R 23.54% .61.76% . 8.82% I
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(=]

|
N

5.88% ; Zn [ 1, b T T 75 Yo RIS Yo AR T T e A S As Cd G Ca Hg N Pb Zn
Yo 1 SRS 3 LR 64.71% .23.53% . 8.82% I 2.94% ; T A H2 #RVEH

Fig.2 The geoaccumulation index
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B FB84>H 4 JE (G11 /) CAd il Hg .G 16 Fl1 Z4 () He) &b T v 3 75 Ye /K-, 75 Y e B 45 Ry ™ o

e b SRR (1) BB A8 25 A 1T 1 45 Bl F 4 Jm S 0 i d5 e R B, O T DL B A TR A R U5 YL I B
WA 1, B AE R VTR Y & Jw Ak T o is g R B TS g A b TS G R b BE TS G 9 7 4 0 B R 2.94%
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Fig.3 Modified geoaccumulation index of heavy metals in sediments (/)
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Table 4 Background values of heavy metals in different reference regions mg/kg
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Fig. 4 The modified geoaccumulation index (/) and the potential ecological risk assessment index (RI) of heavy metals in

sediments calculated with different reference area background values
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Fig.5 Ecological risks of heavy metals in sediment
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Fig.6 Comparison of heavy metals pollution levels in sediments of Taohua, Qingshui and Liangtan rivers
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Table S Results of fitting observed values and model predictions for elements

A S5 As cd Cr Cu Hg Ni Pb Zn
FHE 0.81 0.69 0.78 0.99 0.99 0.80 0.84 1.02
e 2.30 0.06 5.31 0.24 0.00 3.60 1.78 -1.89

R 0.554 5 0.908 5 0.866 3 0.997 3 0.999 2 0.856 7 0.650 4 0.998 3
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Fig.7 Factor fingerprint of heavy metals in sediments
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